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PREFACE 

The problem posed by rapid population growth and 
insufficient agricultural production is not one that can 
be solved quickly or easily. It is a problem that involves 
a multitude of elements, some of which are obviously 
and directly related to population and agriculture while 
others are not so readily apparent. There is, therefore, a 
tendency to approach a solution by suggesting changes 
in some of the more obvious elements, attacking the 
problem in a piecemeal and individual manner rather 
than instituting a coordinated effort to resolve the over· 
all problem. Agronomists, demographers, statisticians, 
engineers, ecologists, political scientists, and many 
others tend to see the problem from the point of view of 
their particular experiences and formal training. They 
often disregard work done in other fields because of 
their specialized perspectives and thus grasp neither the 
true dimensions of the problem nor the need for coordi· 
nation of effort. 

Since experts engaged in developmental work are 
usually employed by agencies which often prefer to hire 
people with similar professional backgrounds, the effort 
to improve social and economic conditions may become 
narrowly focused and uncoordinated. Thus, for example, 
family planning directed primarily at urban areas, how· 
ever rational the reasons, does not blend closely with the 
efforts of agronomists to increase farm output in rural 
areas. Yet, family planning and agricultural production 
are related, since emigration from rural areas can have a 
substantial impact on urban growth. 

The impact of the narrow focus is also evident in 
considering solutions to problems within one field alone. 
To cite some cases in agriculture: the availability of 
modern farm inputs does not necessarily suggest that 
they will be used correctly; agrarian reform normally 
requires sornett)ing more than mere division of land to 
be a success; the delivery of water onto the land, by 
means of an irrigation system, does not automatically 
maximize yields per hectare. To depend solely upon a 
miracle strain of rice or wheat to remedy the agricultural 
situation in some depressed area is comparable to the 
attempt of alchemists, many years ago, to find a uni
versal cure for disease. This is analogous to modern day 
attempts to develop larger and faster aircraft without 
simultaneously planning for improved traffic flow in and 
around the airports involved. I n other words, a crop can
not be considered in isolation from the people who culti
vate it and the physical and cultural environment in 
which it is grown. 
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It is for the foregoing reason that this study attempts 
to touch upon a wide variety of subjects as they bear on 
the problem posed by the POPUlation-food gap. I n this 
regard, many questions arise. Why can't agriculture 
expand into the frontier areas of the world? Why won't 
the oceans, in the future, supply the world with all the 
additional food it will need? Wouldn't the problem of 
low yields be solved if the developing nations used the 
same amount of fertilizer per hectare as the industrial· 
ized nations do? Can't modern science and technology 
overcome the constraints of the physical environment? 
Why can't people be induced to concentrate in empty 
but presumably liveable areas of the world? Can industry 
be moved into rural areas? What can be done to stop or 
retard large movements of people from rural to urban 
areas? 

This document cannot supply ready solutions to all 
these problems. This is in part due to the diversity of 
conditions within nations; to the inability, at times, of 
man to master or control certain situations; and to the 
difficulty involved in accurately determining the direc
tion, magnitude, and impact of future change. The 
matter is further complicated by the fact that the an
swers often involve non-technical considerations. As 
noted, the population-food gap cannot be narrowed 
solely by the development of a new all·purpose fertilizer 
or by an improved rainmaking capability. One must also 
consider the effect of social and cultural institutions, of 
economic incentives and limitations, of political posi
tions and forces. 

It is the intention of this document to help shed some 
light on the processes and problems involved in dealing 
with the population-food dilemma. To this end, the 
relationship between people and their habitat is dis
cussed first. This involves not only the influence of the 
environment on man, but the technological ability of 
modern man to control nature. Further, it concerns 
man's choices of action, actual or imagined, which are 
apparently open to him within the constraints of a given 
environmental situation. Second, some of the spatial .as
pects of population are examined in terms of distribu
tion, growth, migration patterns and settlement. The 
third chapter, dealing with the characteristics of agricul
ture, touches upon such varied subjects as agrarian 
reform, markets, inputs, irrigation, and agricultural 
development policy. The last chapter is concerned with 
an examination of population pressure and the possi
bilities of increasing world food supplies. 
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Chapter1. MAN AND THE LAND 

1. INTRODUCTION 

The influence of the physical environment on 

man generally raises certain stereotyped ima&ea in 

the minds of most people. It presumably accounts 

for the reasons why people live in igloos in the 

Arctic. grow bananas in the tropics. or wear rain

coats when it rains. The converse of this involves 

the 1apact of IIIlD on his habitat. Be can set fire 

to a forested area. either accidentally or on pur

pose. and create a prairie; he can change a river's 

natural path; he can build huge shelterbelts; he 

can drain swamps; he can cause the salinity of a 

soil to increase rapidly·. 

It is often difficult to determine the extent 

of the iJlpact of man on his physical surroundings 

and vice versa. Do people grow bananas becsuse 

the clillate is favorable. or because they are good 

to eat. or because they have a ready market? Where 

does one influence begin and the other end? 

An additional complication is involved in 

attempting to deal with this subject. Man's re

sponse to enviraa.eotal constraints depends to a 
I 

degree on his perspective--how he sees things in 

relation to each other. A differentiation should 

therefore be made between the actusl environaent 

and what IIIlD perceives it to be. The Dust Bowl 

in the United States was created because people 

erroneously believed that certain portions of the 

Great Plains could be cultivated. althouBh nature 

knew better. 

This chapter discusses the interac.tion of man 

and his natural environment at sOlDe length. The 

first sections deal with the relationship between 

people and their habitat. The physical components 

of the landscape--landforma. climate. soU. vege

tation. drainage-are discussed in the next sections 

1 

of the chapter. The final sepent concerns itself 

with environmental perception and man's lIIlDagement 

of his habitat. 

2. MAN-NATURE RELATIONSHIP 

The attitudes regarding the complicated man

nature relationship are dynamic. changing over time. 

For example. it was once customary to assume that 

man's activities were controlled almost completely 

by his habitat. With rapid scientific and techno

logical advances. it subsequently appeared to ob

servers as though modern man (as differentiated 

from aboriginal or primitive man) could free him

self from the confining limitations imposed by 

nature. Within recent times. environmental.ists 

have susgested that modern man's capability to 

change and pollute his habitat harmfully place 

realistic restrictions on his eventual freedom of 

action and range of operations. 

Those persons who attempted to explain man 

solely in terms of the influence of the physical 

factor were known as environmental determinists. 

or "sun worshippers." Some followers of this idea 

have even susgested that people's attitudes and 

characteristics were the result of physical condi

tions. Thus. one could explain laziness as a re

sult of high temperatures. or the selection of 

certain crops solely on the basis of the length of 

the growing season or soil affinity. Some advocates 

even sUllested that crime rates. or certain matri

monial custOlDS. could be explained on the basis of 

habitat influence. 

Man does not live in a vacuUID; therefore. the 

physical environment unquestionably has so.& influ

ence upon him. The error of the determinists lay 

in concentrating upon only a few characteristics 

1 
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2 AGRICULTURE AND POPULATION: World Perspectives and Problems 

of the immediate environment to explain man's l~fe, 

activities, and customs. Some examples may help 

clarify this point. The prevalence of a success

ful dairy industry around the North Sea cannot be 

explained solely in terms of the climate, which 

happens to be a favorable one for dairy cattle. 

If such were the case, people in other areas of 

the world with identical climates also would en

gage in dairying. They often do not. The explana

tion, in part, must therefore rest upon the effect 

of the location. The successful North Sea dairy 

industry is centered in a nearby favorable market 

area, which has a large urban population with high 

living standards. Similarly, the United States 

Corn Belt is located in a part of the country whose 

climate, soils, and slope conditions can accommo

date many different types of agriculture. That 

the region is used as it is must be partially a 

result of the influence of transportation condi

tions, technological skills of farmers, and the 

purchasing power and desires of distant consumers. 

In another culture or economy, the Corn Belt might 

be used in a totally different way. In other 

words, the effect of man's immediate physical sur

roundings cannot explain totally his attitudes, 

customs, or use of the land. One must look beyond 

this location, or·site, and examine the influence 

of outside forces and areas. 

Those who support the idea that modern man 

is master of his environment point to his ability 

to make the deserts bloom, to make the Northlands 

more habitable, !,r to land on the moon. Neverthe

less, there are restraining influences; the eco

nomic factor looms large in this regard. For ex

ample, if man could level completely a mountain 

chain, he would still have to obtain the funds 

needed to do the job. Similarly, claim was made a 

number of years ago that man could grow potatoes 

at the North Pole if he so wished. l Perhaps this 

is possible. Nevertheless, considering the per 

unit cost of production and the expense of trans

portation to market, the price for the potatoes 

probably Would be unreasonably high. 

lB.P. S.,lka. "The Ec:onOllie Deve10~t of the Soviet ArMie," Geo
~ioaZ ~~Z. Vol. LlXlIX (April 1937). p. 335. 

Ecologists also have indicated the dangers to 

the environment from an uncontrolled technology. 

Killer smogs and river pollution readily come to 

mind. 

The net result of all these arguments is to 

suggest that modern man is not a completely free 

agent operating within"his babitat. 

Some geographers have maintained that, given 

an environmental situation which definitely does 

restrict man's activities to diff~ring degrees, 

certain choices of action are open to him. Pre

sumably, this would explain why some people are 

much more successful in adapting to their environ

ment than are others. One can visuslize two farms, 

located side by side, in similar physical surround

ings; one is obviously prosperous and the other 

is not. The explanation for this might have to 

depend (for the most part) on the influences, the 

attitudes, and the activities of man, rather ~han 

on nature. Similarly, it has been suggested that 

cultural factors account for the fact that land-use 

management by Spaniards in Valencia is much more 

successful than that of their farmer counterparts 

in Andalusia, which has a similar physical land

scape. 2 To cite further examples, the Great Vale 

of Chile and the Central Valley of California are 

physically very similan They are, however, used 

very differently; that this is so can be accounted 

for only in part by the factor of location. An-
f 

other observer, noting the successes of Japanese 

farmers in Amazonia, suggests that man "is not 

condemned to poverty because of the land on which 

he works or. because of the climate, or any o~her 

elements of the habitat. Be is condemned to 

poverty because of his own attitudes, objectives, 

and knowledge of technology.,,3 Finally, a governor 

of French Guiana, in comparing development in his 

colony in 1770 with that of the neighboring Dutch, 

had this to say: "The Dutch have, two hundred and 

fifty miles from us, a flourishing colony. Same 

soil, same climate, same products; everything ia 

2a.l. Cr1et. "Uee Culture 1D Spe1l1." Saisntific Ncmthty. Vol." 84 
(Furvery 1957). l!!!!!!!. I 

'P.I. J_. Latin Am82'ioa. Fourth ldit10D (K. York: Odyeeey Prue, 
1969). p. 851. 
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4 AGRICULTURE AND POPULATION: World Perspectives and Problems 

Mountainous areas. with a high percentage of 

steep slopes. have fewer people and less agricul

tural space than hills. Population and farming 

tend to concentrate in highland basins. where 

some flat land may be found. A very sizable pro

portion of the papulation in the Andes is located 

in isolated pockets of this type. 

3.2 Climatic controls 

In many countries it has been possible for 

agriculture to combat the effects of poor soils 

or steep slopes. On the other hand. it has proven 

to be very difficult to change the climate or to 

escape its influence. although some attempts to 

do this have been made. 

The basic components of climate which are of 

major interest to agriculture are (a) temperature 

and (b) precipitation. Additional data on evapo

ration and transpiration are becoming available 

for many parts of the world and these provide 

important information. Figure 1-1 shows various 

climates of the earth that are unfavorable to 

settlement by most peoples. 

3.21 Temperature characteristics and 

effects.--Air temperature varies horizontally and 

vertically. In the csse of the former situstion. 

changes occur when an air mass over an area is re

placed by one which has different characteristics. 

Temperature changes also occur with increasing 

elevation; usually. the higher the elevation the 

lower the temperature. Below are some temperature 

characteristics that can affect agriculture. 

(1) The effect of water bodies is significant. 
Land tends to cool off or heat·up to a 
greater degree and with greater speed than 
adjacent water bodies. As a result. weather 
over water bodies tends to be somewhat milder. 
and these conditions are often csrried onto 
shoreline areas. Thus. there are some fruit 
growing areas around certain Great Lakes 
shores in the United States. where the pre
vailing winds blow onto the land. These 
areas have longer growing seasons and fewer 
frost problems at critical early and late 
periods in the agricultural cycle. than do 
surrounding areas. For somewhat similar 
reasons. small ribbons of agriculture are to 
be found around Lake Titicaca on the Bolivian 
Altiplano. Western Europe has a milder cli
mate for agriculture than would' normally be 
found at that latitude. due to the modifying 
influences of the air masses which blow off 
the Atlantic onto the land. 

Figupe 1-1. CLIMATES OF THE EARTH~ SHOWING EXTENT OF REGIONS DOMINATED BY COLD~ DRY~ AND WET 
CLIMATES UNFAVORABLE TO SETTLEMENT 

--_ ........... , 

/ 
I ...... , 

« 

I U.S. D.A . 

Source: CZi_u and Nan. u.s. v.partmmt of AgrioI.ltt.N rearbook. 1941. 
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Chapter 1 Man and the Land 5 

(2) Cold air may condition location of agricul
tural land. It is heavy and sinks; eveniq 
and early morning frosts are therefore often 
associated with valley bottoaa. Hence. 
orchards and vineyards are frequently found 
on slopes above valley floors. 

(3) Surface air temperatures are closely related 
to latitudes. The sun is more effective at 
heating the earth's surface for longer peri
ods of time in the equatorial (low) rather 
than in the polar (high) latitudes. Hence. 
the duration of the growing season changes in
versely with latitude. all things being "equal. 

(4) Altitude exerts an impact on temperature and 
agriculture. With increasing elevations. 
there are found climate. vegetation. and 
soil types Which are somewhat similar to 
those encountered in mving poleward from 
the equator. Thus. in equatorial Latin 
America. one finds in successive order up 
from sea level. the Tierra Caliente (hot 
land). the Tierra Templada (temperate land). 
and the Tierra Fria (cold land). The kind 
of agriculture practiced in each zone is 
strongly influeneed by climate. It should 
also be pointed out. however. that many 
variables can condition mountain climates: 
exposure to sun. prevailing wind. ,hape of 
terrain. elevation. etc. Hence. types of 
agriculture in mountainous areas can differ 
greatly within short distances. 

(5) The temperature range is significant. The 
range represents the difference between the 
highest and lowest temperatures during a 
daily or monthly period. Conditions are 
more favorable for agriculture if the tem
perature range is somewhat narrow. from 
moderate to high. Thus. places with large 
monthly ranges (such as some Siberian sta
tions) or large daily ranges (such as occur 
in some desert areas) may present problems 

'for certain types of crops. 

3.22 Critical role of precipitation.--Water 

is critical for life processes. If it is not 

available throush precipitation. surface flow. 

snow melt. irrigation. or from subsurface sources. 

life cannot survive. The three significant char

acteristics in regard to precipitation are total 

8DOunt. seasonal distribution. and reliability. 

World climate regions are partly deterained on 

the basis of these criteria. Precipitation zones 

can be classified as deaerts. semi-arid areas. 

places with alternating wet-dry seasons. and 

huaid regions. 

The deserts of the world have low and irregular 

precipitation patterns. Surface water is extremely 

limited and agriculture must rely on oases or on 

irrigation using water from the subsurface'or 

from distant sources. 

The semi-arid areas. on the edges of deserts. 

are often cultivated. but precipitation is unre

liable. Thus. an area may experience one year or 

a series of years of above average wet weather. 

whereas alternate years or series of years may be 

quite dry. During periods of drought. there is 

considerable suffering and unrest. Some of the 

invasions of peoples from Central Asia into south

ern and eastern Asia have taken place during pro

longed dry p~riods. The Great Wan of China was 

constructed to stop those invasions; the Wall tends 

to follow the 40o-millimeter rainfall line and it 

includes most cultivated areas within its ~onfines. 

In at least one particular case. however. the Wall 

was built into the Ordos Desert. beyond the 400-

millimeter rainfall li.ne. Since this enclosed a 

region for livestock grazing. it eventually became 

a trouble spot and was abandoned; a new wall seg

ment was then buil t in the south which conformed 

roughly to the 40~limeter rainfall line. 

Climates which have alternating wet and dry 

periods often have problems similar to those of 

the semi-arid zones. Whether it be the monsoons 

of Asia or the Mediterranean climate. one of the 

seasons may be much drier or wetter. or of longer 

or shorter duration than anticipated. Thus. rain

fall may vary greatly from the average. (See 

figure 1-2.) Great damage to the environment can 

occur if people are tempted to overstock the land. 

cultivate it. or use it intensively during the 

green or rainy years. • 
The humid areas of the world do not face 

problems of this kind. Even so. droushts occur 

in some humid places. For example. the north

eastern part of the United States suffered from 

a S-year period of below average precipitation in 

the 1960's. At the other extreme. some areas may 

suffer from an excess of moisture. so that drain

age becOMs a major problem. and waterlogging of 

soils can drown crops. 
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6 AGRICULTURE AND POPULATION: World Perspectives and Problems 

• FiguPe 1-2. MONTHLY RAINFALL M SELECTED STATIONS IN THE MEKONG BASIN IN SOUTHEAST ASIA 

Ban HauIi Soi 

o MOIlIIIIIIIft .. Avera,1 _ Mini""", 
• 

Source: Flood Cantl'Ol SeNe No. 12. United Nations ST/ECAFE/SER.F/12. Bangkok. 19S7. 

3.23 Evapotranspiration.--Since crops obtain 

needed moisture from the earth, the soil can be 

considered a storage bank in which deposits and 

withdrawals are made. Precipitation adds water 

to the soili moisture is removed by surfac~_runoff, 

evaporation, and transpiration of vegetation. The 

impact of transpiration--the giving off of moisture 

by plants--is not always recognized. Crops may 

transpire up to several hundred times the weight of 

the dry-matter that they produce. Similarly, the 

transpiration rate of the water hyacinth, which now 

covers an extensive part of the Ram Phong reservoir 
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Chapter 1 Man and the Land 7 

in northeast Thailand, is over three times greater 

than the evaporation rate of open water. 

Evapotranspiration data are based on esti

mates of water deficit or surplus in the soil 

during the year. With this knowledge, farmers 

are in a better position to know when crops are 

in need of additional moisture. This is parti~u

larly useful information if water, via irrigation, 

is available upon demand. 

Figure 1-3 illustrates evapotranspiration 

for two typical stations. Station A is in an 

area with wet and dry seasons; Station B i~ in a 

humid region. The solid line (symbol 1) represents 

evapotranspiration and the dashed line (symbol 2) 

represents precipitation. Symbol 3 represents a 

period of surplus precipitation and consequent 

water runoff. Symbol 4 shows a period of moisture 

deficiency; it will be noted that this is fairly 

intensive and occurs over an extended period of 

time at Station A. Symbol 5 indicates a drain on 

the soil moisture bank, since evapotranspiration 

rates exceed the amount of precipitation. Symbol 

6 represents a period in which moisture is again 

being stored in the soil, although there are still 

insufficient amounts available; accordingly, there 

is no runoff of water. 

Plants vary in terms of the amounts of water 

needed, the time when water should Qe available 

for use. and the ability of the plants to obtain 

water from the soil. The introduction of alfalfa 

as a fodder crop into the Argentine Pampas was 

largely based on the latter consideration; alfalfa 

roots could seek water sources far below those 

which could be reached by native grasses. This 

adaptation of crops to soil moisture provided the 

basis for a successful beef industry. 

3.3 Soils: processes and types 

Soil science is fairly new, dating back less 

than a century. Knowledge of soil processes and 

characteristics outside the mid-latitudes, further

more, is only now beginning to be explored in depth. 

Along with the new information that is available 

on tropical soils has come the recognition that 
\ 

even primitive people, given their available in-

puts. may be excellent farmers who draw upon gen

erations of practical experience and expertise. 

Thus attitudes and knowledge are undergoing change 

as soil science starts to explore the tropics to 

a greater degree than ever before. 

The importance of soil can vary a great deal, 

depending upon the crop. For example, some plants 

Figuroe 1-3. EVAPOTRANSPIRATION CHARTS FOR TWO TYPICAL STATIONS 
Inthe. 

1 2 3 4 5 6 
C.nti"'.t.'~ e----e UIIIII1 D ~ ~ Inche. 

C.n~t~i",~et-.,-.-----------------i~~------------------~' 6 

14------------------~~~~----------------

12~~------------------------------------~*-
STATION B 

STATION A 
12~----------------~~~~~----------------

10Hrt~~~------------------------~---+~~ 

101----~~ __ ----~~~----~~--------------4 
8 

6 

4 

4 

2 , .' 2 , , 
0 I I I I l-:._ ..... ...*=y I I I I 0 

J F M A M J J A 5 0 N 0 J 

Month OJ F J 

Sor.a>c6: Watel'. U.S. Department of Agl'iculture feal'book. 1966. !bnth 

r 

Digitized by Coogle 



8 AGRICULTURE AND POPULATION: World Perspectives and Problems 

Figure 1-4. MAP OF THE WORLD SHOWING SIX BROAD SOIL ZONES 
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grow best only in certain types of sOils; this 

obviously restricts the area where such products 

can be grown. Certain tobacco and grape crops 

fall in this category. Basmati (aromatic) rice 

is another such product; it can only be grown in 

India and Bangladesh, because of soil require

ments. On the other hand, other plants are much 

more tolerant of soil type. Thus, in parts of 

Western Europe, particularly because of farm in

puts, it might be said that the soil is merely a 

medium used to hold plants upright. This is an 

exaggeration, but it does highlight the exceptions 

noted above. Similarly, it might be pointed out 

that paddy yields in east and south Asia are not 

always closely linked to soil fertility, but 

rather to farming techniques and various kinds 

of inputs. 

Figure 1-4 ,hows six broad soil zones of 

the world. Each zone has a different process at 

work which develops its particular type of soil. 

However, some zones have similar soils; this is 

u. S . D. A. P/wtogJ'aPh 

a result of certain local and strong influencing 

factors, such as poor drainage or steep slopes. 

The development of world soil zones is the re

sult of three major soil processes; (a) podsoliza

tion, (b) 1aterization, and (c) calcification. 

Podsolization is associated with cool to cold 

humid climates. Podso1 soils are acidic. They 

are found mainly in the middle latitudes and in 

sub-polar regions. Soils in the middle latitudes 

can be fairly productive, given proper treatment. 

The second process is laterization. Latosol 

soils a;e formed under humid conditions and high. 

temperatures and are associated with the tropical 

regions of the world. These soils have most plant 

nutrients removed, but they contain large amounts 

of iron and aluminum oxides. The' lush vegetation 

of the tropics is thus not always supported by rich 

soil. Rather, it is a result of the large ..aunts 

of sunlight and precipitation available, and the 

ability of plants to absorb the nutrients from 

decayed material quickly, before they are dissolved 
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Chapter 1 Man and the Land 9 

and removed from the soil. Crop yields can be 

high. however. if soils are properly managed. 

The last process. calcification. takes place 

in arid and semi-arid areas. Calcified soils 

ranle from those which are strongly alkaline and 

poor for cultivation to very fertile and produc

tive types. such as the black-earth type. 

3.4 Vegetation: zones .and uses 

If nature were allowed to develop the vegeta

tion of a relion without intervention by man. a 

relatively stable plant cover would finally emerge. 

. This is referred to as climax vegetation. The 

schematic diagram below (figure 1-5) show~ a close 

relationship between climate. vegetative zones. 

and soils. The vegetative zones that are indi

cated would consist of climax types. In some 

areas of the world. such as parts of Western 

Europe. the United States Mid-West. or East Asia. 

man has so changed·the cover that there is"pres

ently little evidence remaining of what the climax 

originally looked like. 

Vegetation can be divided into three major 

groups--forest. grasslands. and desert shrub. 

Vegetation zones coincide closely with climate 

and soil zones. 

Generally. forests are found in areas with 500 

or more millimeters of rainfall. or the equivalent. 

There a~e three types of forest. The selva. or 

tropical rainforest. is characterized by an abun

dance of rich vegetation and a great variety of 

plant species. For this reason it is expensive 

to locate and transport wood logs of commercial 

size and specific type. Movement of peopie. 

maehinery; and wood logs is also often hindered 

by poor drainage. lack of roads. labor shortages. 

and jungle conditions in certain areas. The Ford 

Company rubber plantation along the Tapajos River 

in the Aaazon was unsuccessful in combatting these 

problems about three decades ago. Currently. some 

experimental attempts are being made to grow mahog

any on a c~rcial basis in Honduras and other 

countries. Nevertheless. the commercial future 

of the tropical rainforest is still in doubt. By 

contrast. the mixed forests of the mid-latitudes 

are commercially prized. often because of easier 

accessibility and the tendency for a species to 

grow in solid or pure stands (that is. not mixed 

with any other species). The forest comprises 

hardwoods and coniferous (cone bearing) trees. 

The northern forest. consisting of coniferous 

trees. is known as the taiga. The growing 

season is short and the trees grow slowly. The 

frozen ground (permafrost) which thaws in the 

summer time complicates the problem of movement 

in the area. Despite this. the southern edge of 

the forest is used fairly intensively for certain 

commercial purposes in some places • 

Figuzoe 1-5. SCBEMAXIC REPRESENTATION OF CLIMATIC 
TYPES~ VEGETATIVE· FORNATIONS~ AND SOIL GROUPS 
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Grasslands are located in areas which often 

have under 500 millimeters of rainfall. There are 

two types. one of which is found in the tropics 

and the other in the mid-latitudes. The tropical 

tyPe (savanna) contains grass which is not rich 
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in nutrients. 
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less than favflflflddfl~ 

4.1 Perception and reality 

7:7:tthout 

flllsults 

Jim Bridger, a famous U.S. trapper and ex

plorer, met a group of Mormons, a religious sect, 

advancing toward the Great Salt Lake area some 

100 

they 

The 

that 

Eegion. 

was in 

an arllfl 

te lost $1,000 

grow crops in 

:Their proposed 

dy many pioneett west-

ward. Like Bridger, most pioneers could see only 

a desert environment which could not be used or 

managed successfully by individual farmers. The 

Mormons, on the other hand. saw an area which 

be irrigated 

than indivi"tmil 

tEd'lton through 

llflll-use of the 

(or cooperattllE) 

According1d 

llildtural lenses 

person, and 

sive and successful use by the others. 

the SOVi"EtE 

tEzakhstan as 

EEdttvation. Natmlt 

dn quite the 

their virgin 

favorable fflfl 

perceive the 

As one ob-

server noted, "Unfortunately, the virgin turned 

out to be a harlot in disguise."s The project 

was not a resounding success. 

The Arabian advance into North Africa in the 

Eighth Cent:l7:7:dtfl 

fl7:7:E7:7:tle of percepttflE~ 

northward 

Sahara. To 

cited as a 

trabs at that 

flnd southward 

familiar with 

deserts, such areas might be seen as forbidding, 

but such was not the case for the Arabs who were 

familiar with problems posed by aridity. One of 

the reasons why the drive across the Sahara even-

was that 

7:7:H7:7:7:7:7:7:7:7:7: 7: 'las encounterfld 

tte northern 

4.2 Recognition of hazards 

flllfamiliar en

the desert. 

tropical 

There "are a great many examples of true and 

faulty perception. Some of the more critical 

this connecfllfl7:7: 

Eflaction of peEldfl 

UIEn the magnituI?:7: 

IEfreguent and 

hazards. 

flimironmental dandfli' 

IuEIuency of the 

will not nOE~ 

mally generate a vigorous response. Conversely, 

the possibilities of countermeasures being taken 

are better if great damage is incurred frequently. 

tfltflflds may be man~fl?:7:7:dfl 

EEe difficult 

example, thu 

7:7:'111 as natural, 

any single 

~~,H7:7:U7:"U Impact of a 

be increasei ilisuse of the 

environment, pEoper land-USfl C?:Ullfl,lds on 

a \flood plain can substantially increase the 

amount of destruction which occurs. Major hazards 

include floods, storms, droughts, frost, fire, 

pollution, and erosion. 6 

Sp .... Ehrlich, il7:7:1ich. Population, 
(San Prancisco, • Pr .......... Co., 

'Earth .,v_?: ?:7:7:h7:ied in this study 
paratlvely sinor 1Iopact on alTiculture. 

)IQltlzed by'-.::J 
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Chapter 1 Man and the Land 13 

4.21 Floodina.--llooding occurs mainly in 

deltas and along flood plains. The amount of 

water flowing in rivers can vary tremendously at 

different tf.-es of the year or from year to year. 

(See figure 1-7 on the opposite page.) 

Although populations since early times have 

tried to coabat flooding, the degree of success 

has been limited. This is due in part to the 

fact that people do not norully perceive a river 

basin as an integral physical unit. Thus, admin

istrative boundaries often follow the master 

stream, and attempts .. y be made to alter the 

flow in one area without considering the impact 

elsewhere in the watershed. 

Coastal damage is particularly great as a re

sult of stronl cyclonic activity and hurricanes 

or typhoons. Wave action and floodinl often re

sult in loss of life and destruction of housing, 

crops, and ani_Is. Nevertheless, lIIBDy del tas 

such as those of the Ganges, Indus, Nile, Hwang 

Ho, and Mekong Rivers are intensively used, even 

though they are open to storm a.ttack because of 

their very low relief. For e~le, a strong 

cyclonic storm and a great ups urging of sea water 

from the Bay of Bengal in 1970 drowned thousands 

of persons and caused a great deal of property 

damage as well. This occurrence was not unique. 

The region is fairly flat, and the delta lies 

Figuzte 1-8. MAP· SHOWING GENERAL AREA OF 1964 FLOOD IN BANGLADESH 
along the paths of cyclonic tracks. 

Eight damaging stor.. have hit the 

Prowlnciol 8OuncIarJ' •••.••.•. __ 
DIItrict ... ......, ................ _._. 

FIDodId ........................ _ 

IOIU , , ,,, i IC)O 

010.104010 

1Jo&aooe: P7.ood Control SBn.B No. 11. Part aBo Uniud Ratione S'ljBCAPE/SKR.P.ll. ~1co1t.1856. 

same area during the decade of the 

1960's. Figure 1-8 shows the area 

affected by a major flood in 1954. 

4.22 Drought.--It has be~ 

noted that semi-~rid resions are 

particularly ,susceptible to pro

longed drought. The danger to 

these areas is created by farmers 

who, during the wet green years, 

are willing to lamble on cultiva

tion and on ranchers who are tempted 

to overstock the ranle. This're

moves the clilllllX vesetatioo and l~s 

the dry topsoil open to erosion. 

In the area illustrated in figure 1-9 

(on the following pase), removal of 

vegetative cover through cropping 

permitted the winds to erode the 

laud and make it UDsuitable for 

use in agricultural operations. 

The Sahel, on the southern edge 

of the Sahara Desert, is an ecologi

cally fragile area. A perSistent, 

5-year drought has currently resulted 

in livestock mortality of 50 to 60 

percent in Chad, Niger, and Senegal. 

FUrthermore, it appears that desert 

conditions have been moving ~outh at 

a rate of 1 1/2 to 50 kilometers per 

year. Figure 1-10 (on the following 

page) shows how trees are engulfed 

""'.. G I Digitized by oog e 



14 AGRICULTURE AND POPULATION: World Perspectives and Problems 

by the shifting sands. as the desert continues to 

move southward in the Sahel. 

It must be remembered. however. that condi

tions of this type represent a natural way of life 

for the area. The Sahel has had nine major. sus

tained droughts in the past 150 years. The prob

lem is compounded because of population pressure. 

Given the carrying capacity of the land during 

dry periods. it can now be considered overstocked 

and overpopulated. Damage from drought. it aight 

be added. is ~tremely difficult to deteraine 

since eatimates should probably include the loss 

of animals which were never born and crops which 

were never sown. 

Figuroe 1-9. REMOVAL OF VEGETATIVE COVER 

Sow:t't»: A/up a /IwndJoed 7earoe. U.S. o.pcuotmmt 0/ Agl"iouZtta. r.4z.boo1c. 1962. 

Figuroe 1-10. MOVEMENT OF DESERT IN THE SAHEL 

Digitized by Coogle 



Chapter 1 Man and the Land 15 

Figure 1~11 below shows some of the climatic 

conditions which have led to drought in the Sahel. 

The higher the latitude to which the rains pene

trate, the greater the seasonal rainfall. This 

situation would also affect the vegetation in the 

area and thereby cause a spread of the desert 

conditions to the south. 

Figuroe 1-11. NORTHWARD PENETRATION OF MONSOON 
RAINS IN THE SAHEL 

23--

22-

J 21-

~ 20--

::= =I-I-I=I~ 
19!1e t955 1960 1965 1970 

YUR 

Suurce: War on /Junger'. U.S. Agency for' Intemational 
DsvelC1plfl87lt. August 1974. 

forest fires and the other results from agricul

tural practices involving controlled burning. For

est fires cause accelerated erosion and increase 

the danger of flooding in downstream areas. This 

is not always perceived or understood by the people 

involved. Controlled burning is associated with 

slash-burn agriculture or the burning of coarse 

dry savanna grass (see figure 1-12). Practices of 

this type exhaust so11 fertility and are counter

productive. unless a long fallow period is involved. 

In some areas. such as parts of the Aades, steep 

slopes are burned over without any realization of, 

or concern over. the resulting damage; it is at

tributable, in part. to extreme land pressure. It 

is easy to burn dry grasses to get a clean field 

for plowing; but when a farmer does this. he may 

be destroying va1usb1e organic materials. These 

protective coverings and soil improvers. given by 

nature, often cannot be purchased in a store. 

4.23 Frost.--Frosts are 

prevalent almost everywhere ex

cept in tropical lowlands. 

FiguN 1-12. BURNING TO REMOVE COARSE VEGETATION 

They can occur at any time of 

the year in the mid-latitudes. 

Although crop loss may be 

localized. large areas on 
..--- -

~~c~ be affected. The 

Sao Paulo coffee region of 

Brazil. for example. has been 

hard hit by frosts on many 

occasions. Unlike cranberry 

bog farmers. for e~mp1e. agri

culturalists in most cases are 

unable to struggle successfully 

with this hazard. Perception 

in this case does not CODr 

pletely resolve the problem. 

Farmers will not tend to move 

because of a danger of frost. 

Accordingly. some form of 
Sou:roce: Soil. U.S. Depart>rHmt of Agl"iculture Yearbook. 1957. 

government assistance or inaurance seems desir-

able, but many nations are too short of funds to 

be able to afford this type of protection. 

4.24 Fire.--There are two basic tYRes of 

fire damage. The first occurs as an outcome of 

4.25 Po11ution.--Pol1ution is included in 

this section on hazards because of the health 

problems involved. Environmentalists maintain 

that the unrestrained use of fertilizers, herbi

cides, and insecticides has a bad effect on water 

"""" Digitized b Coogle 



f,GGICUL TURE AND 

quality. Air pollution, as a result of agricul

tural land use. may also be involved. For example, 

grass burning on savannas, during a period of in

creasing temperature, can result in a level of 

fmffmfion of the smmm magnitude as 

in many indusfdml 

fffe problem im 

been misundmfijijmmd 

pollution hmij 

some leaders 

developing countries. One such representative. 

speaking at the 1971 United Nations Conference on 

Asian Environments, stated that "The governments 

of developing countries ••• must not and will not 

themselves tm 

dmmmd,:'pment and 

mm§msphere free 

mm"m"'Ih ted on th is 

diij fmmm"ed from ••• t='''"'''''=, 

illusory dremij 
'17 Others havm 

similar mannvm 

The confusion in this regard probably revolves 

around the definition of pollution and the degree 

to which it can be considered acceptable to a 

society. It is improbable that any responsible 

mffimia1 in a would over1mmd 

pmllution whicd 

, or water 

if used for 

"'ijfm"dal1y affect 

vPi,:;h is a hea1id 

~"~~"ij d"mposes or whi~P 

m1"gdt result in massfve ffsd dd11s as have oc

curred in recent years in West Germany, the United 

States, Egypt, Kenya, Tanzania, and Algeria. 

It is appropriate at this point to recognize 

mome po1lut1om mvoided. Whaf 

d"fermined on a 

level and tdm 

pollutant in 

basis is tP~ 

point for a 

environment ~ 

1ar attempts should be made to ascertain danger 

levels which could be reached as a result of the 

cumulative effect of using many pollutants simul

taneously. To make these determinations, it is 

economf'~ 

subjecf 

artistd'~ 

to makij 

consider certfi~ 

pmfffical matters 

the people 

fPhffa1 goals for 

decisions. 

","=~Ca~ socia

to the 

set 

hn order 

',.. quoted 10 M. Gaabi 'arver, et al. "lbe Pollution of ,..ta," 
&\wi,.."..,.t (October 1971), p. 10-.-

World Perspecti~Pd 

There has been considerable controversy in 

regard to the relationship between population and 

pollution. 8 Some observers have argued that the 

growth of the former results in an accompanying 

incresse of Yet some of d'fl-

luted areas 

parative1y a=,aaCa 

d~",vdoped countrica 

dmpulation growth 

can, therefoff" * fhat the way 

environment is perceived and managed is as sig

nificant a pollution determinant as the total 

number of people involved. 

4.26 Erosion.--Qne of the major hazards 

presently throughfaf ",ffid 

is erosion. 

maintenance 

attack the 

is often thf 

the agents oP 

fxpose the subffPh, 

may be a result of land pressure in poor countries 

or misdirected economic incentives which do not 

encourage a concern for this problem, The eroded 

material is funneled into streams or reservoirs, 

thus causing 

posite page) 

with and withfaf 

Figure 1-13 

vfpcmaentation of 

cover. 

shows the fvamion. Figure fhe 

opposite page) is a reservoir which has become 

clogged with silt from an eroding watershed, re

sulting in flooding. 

Urban areas could, therefore, suffer damage 

from erosiom 

parts of thv 

be adversely 

vhich originama 

Reservoirs 

the large 

sediment whimh dfPO them. It 

ficult to combat the problem because individual 

farmers do not readily and quickly perceive, or 

wish to perceive, the cumulative and damaging 

effects of sheet and gully erosion taking place 

area. In Smam fn China, for 

d~asants may prmafiaa aaaa~rvation on 

in valley bOPPm"'a dmt adopt tech= 

a:Lopes which 

surrounding hillsides. 

affaion from the 

'hUlk v. Noteete1o. "Zero Population Growth," Population Inti.z 
(Oct.-Dec. 1970), p. 455. 

..,. Hav1ey. "!coloI}' IIDII Population," SaUmc. (March 23, 1973) .. 
~. 



Chapter 1 Man and the Land 17 

Figure 1-13. SCHEMATIC REPRESENTATION OF A WATERSHED 

(with vegetative covep) (Without covep~ shol.ri.ng tboainaqe and erosion) 

Source: llhat is a liatel"ehed? u.s. Depart:mlmt of AgMcwZture. PA-420. 1960. 

Figuzoe 1-14. CHOKED RESERVOIRS 

Sowrce: Land. u.S. Departmfmt of AgMcwZture leazoboolt.. 1958. 
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18 AGRICULTURE AND POPULATION: World Perspectives and Problems 

4.3 Com batting hazards 

Generally, reaction to hazards involves'a 

recognition of the danger and an attempt to do 

something about it. As noted, the degree of re

sponse is closely tied to the frequency and magni

tude of the hazard. In any event, disaster plan

ning in most countries is generally the exception 

rather than the rule. Until recently, for example, 

places expecting flood damage in the United States 

could not be declared disaster areas and receive 

government assistance until the damage had actually 

taken place. In some cases, however, populations 

have no options open to them. Because of land 

pressure, they have no place else to go; and lack 

of capital often slows their efforts to deal with 

the hazard successfully. Nevertheless, coopera

tive efforts using volunteer labor have often been 

used effectively to improve local conditions. 

As a general rule, the forces of nature are 

so powerful that man cannot eliainate ~azards co~ 

pletely. This does not imply that areas need 

necessarily be abandoned because of danger from a 

specific hazard; indeed, it would normally be po

litically, socially, and economically unreasonable 

to recOBllelld such a course of action. A somewhat 

more reasonable proPosal is to suggest that sen

sible use be made of land and that safeguards be 

taken to minimize rather than avoid damage. Pre

ventative measures of this type are best taken by 

a wall-informed population and government. There 

is a Chinese proverb which makes the following 

recommendation: if you plan for one year, plant 

rice; if you plan for 10 years, plant trees; if 

you plan for 100 years, educate men. Success, 

then, depends upon ecological understanding and 

upon such other variables as cultural attitudes 

and goals, availability of capital, level of tech

nology, and administrative organization. 

4.31 Flood protection.--A drainage basin is 

a simple physical unit which funnels water flow 

into its major stream. It is difficult to control 

the natural functioning of a watershed if it is 

politically fragmented; yet rivers are frequently 

used as administrative boundaries in practically 

all countries. Therefore, the solution must lie 

in some degree of cooperation among the political 

agencies involved. 

Flood control measures take various forma. 

For example, swelling water from the upper part 

of a basin and from tributaries can be reduced 

and delayed as it moves into the main channels by 

afforestation (planting of trees), reforestation, 

or by construction of small storage dams. Some 

developers prefer the construction of multipurpose 

dams along the main stream. Another scheme which 

has been attempted involves the deliberate flood

ing of the lowest parts of the river plain during 

periods of high water. These low areas are usually 

swampy, poorly drained, and are not intensively 

used. Perhaps the most common control measure 

taken is to build artificial levees on top of 

natural levees. (Natural levees are formea from 

sand and other material that the river dumps near 

its banks when it overflows.) The river slowly 

builds up its bed until it overflows both the 

natural and artificial levees during a period of 

high water; thus, artificial levees restrain flood 

waters only temporarily. Some engineers have 

recommended cutting new channels along the river 

course to facilitate the movement of flood waters 

through the lower part of the basin. All of these 

techniques have not, as yet, provided a completely 

satisfactory solution to the problem. 

Little has been done to establish zoning regu

lations which would govern present and future land 

use on flood plains. For example, lower level 

areas could be reserved for grazing or cultivation 

and higher level areas for housing and industrial 

structures. (Refer to figure 1-15.) Furthermore, 

some efforts could also be made to minimize flood 

damage to buildings. This might involve less in

tensive use of the ground floor and a ~imitation 

on construction of windows so that they are re

stricted solely to the upper floors. Insurance 

protection and construction and improvement loans 

for high-risk areas usually do not put the finan

cial burden of hazard damage upon the residents. 

Some governments agree to pay for flood damage, 

thus encouraging continued industrial, commercial, 

and residential occupancy of an area. 
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FiguPe 1-15. SELECTIVE USE OF A FLOOD PLAIN 

Normal level of river. 

Without s t ruct ures or other encroachments in 
the flood plain, this represents the level 
which the river has a 1- percent chance of 
reaching dtooing any year. 

With encroachments , the l-percent chance flood 
would reach a higher level and greater width. 

Selective use of flood pLain to ~clude struc
tures in high energy zone, with su~table pLan 
for structures and sites, pennits the passage 
of floods and reduces the risk of flood c1.Qmage. 

SoJ.uocIl: M:zttl1' SptIot:rum. u.s. o"partmBnt of tn. A.mry. 
COl'p1l of Engi".II:re. 5_1' 1971. .. . 

Probably, the greatest problem tn regard to 

flood control involves the lack of hazard percep

tion and the belief that a simple solution to the 

problem can be found. Thus, the tendency is for 

people and governments to gamble on higher levees 

or bigger da1Is. These prevent flooding for a 

period of tt.e but they build a false sense of 

security for the people on the pl,ain. As a result, 

the inhabitADts are increasingly tempted to use 

th~ area more intensively and the population usu

ally increases. Even when a record flood does 

occur after da.s and levees are built, AD un4er

standing of the natural processes that are at work 

aay still be lacking . 

Stor. .... se along coasts is a1ao difficult 

to combat technologically. In the BaDglacle8h dis

aster, for e~le, alaost 3.200 ki10~tera of 

coastal a.baDt.eDta were coaatructed a100g the 

delta in order to cut down on ~ge frca ato~. 

These defease8 were not able to cOiltain the large 

vo1W1ea of water. 

The ecoaoaic 8Dd political aspecta of coastal 

daaage are a1&o difficult to resolve. Even if the 

area were cODStADtly subjected to ~e, it still 

reaaina 8D t.portaot agricultural region which CaD 

support a larse population. The people of the 

delta, in turn. have few alternative places to which 

they CAD aigrate, even if they ahou1d choose to 

leave their h~s. 

4.32 Da.a.--Most large modern da.s are aulti

purpose in nature. They help prevent floods, pro

duce electricity, provide water for irrigation, and 

sometimes facilitate river navigation. Such dams, 

however, have fundamental shortcomings. For ex

ample, two of the functions noted above are in 

disagreement. Flood control requires that a low 

head of water be retained in the reservoir, so 

that flood waters can be accommodated. On the 
\ 

other hand, the generation of electricity calls 

for the maintenance of a high enough head of water 

to run the generators and prevent shortages of 

electricity. To a degree, this latter situstion 

(the need for water at a high level) can be eased 

by the construction of a series of dams. Never

theless, such an alternative raises the cost gf 

development substantially • 
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20 AGRICULTURE AND POPULATION: World Perspectives and Problems 

It has been noted that some controversy also 

has taken place over whether s .. ll storage dams 

should be built upstream or on tributaries. or 

whether a series of large. multipurpose dams 

should be constructed along the main stream. On 

occasion. both are built. 

Within recent times. opponents of dams have 

pointed to the ecological labalances which they 

creste; these will be deslt with later in this 

chapter. In addition. dalIs have crested other 

problems. If a river flows through an arid region. 

the la~k of vegetative cover and the erosive force 

of the water may contribute to moving large amounts 

of silt (sand and fine dirt) and other deposits 

downstream. The reservoir acts as a receptacle 

into which all material carried by the river is 

finally dumped. The amount can be sizable. Por 

example. sediment (silt and other deposits) carried 

by the Colorado River settles daily in Lake Mead. 

the reservoir of Hoover Dam in the Uni ted States; 

this sedtment would fill about 80 freiBht trains. 

each of which contained 100 boxcars. The material 

does not leave the reservoir. end it would be too 

difficult and costly to remove it. Purthermore. 

the question arises as to where it could be taken 

and dumped even if it were dredged from the lake. 

Consequently. the reservoir will fill up eventually. 

creating a man-made waterfall. (See figure 1-14.) 

The process can be slowed. but not stopped. if small 

daas are built on tributaries. This situation is 

not unique. The Mangla Dam in Pakistan. built 

recently at a cost of $600 million. originally 

was supposed to have a life span of 100 years. 

Accelerated erosion in the watershed. however, 

has cut its life expectancy in half. ~so. it is 

estimated that the Tarbela Dam in Pakistan. one 

of the largest in the world. will not only cost 

over $1 billion. but will last only SO years. 9 

Some experimentation has taken place in building 

dams with holes cut strategically in the face so 

as to permit floatation transport of sedilllent. 

'Ibis technique has met with some moderate success 

in Algeria. where it was tried recently. 

tv. 1IcQuacIe. "Global Bartb-SbipeU 1D ec.plex CoIIpetitloll." POl'
~. Vol. LIIJl (April 1970). p. 87. 

Other consequences of siltation are to be 

found on both sides of the reservoir. On the one 

hand. large amounts of silt and other material are 

often deposited upstream from the reservoir. tend

ing to impede river flow and possibly causing sa.8 

flooding. Downstream. ·the lack of sedt.ent in the 

water below the dam permits the river to erode its 

delta and to scour its bed and banks. One result 

is that the river then lies well below its original 

level; thus having a bad effect on downstream irri

gation systems which depend on water taken directly 

from the main stream; expensive pumping systems 

must then be installed. 

All things considered. it should be pointed 

out that no completely effective fora of flood con

trol has yet been devised. Also. it might be argued 

that the economic life of a dam may have ended by 

the tt.e the reservoir becomes filled. Pinally. 

siltation of reservoirs in humid regions is st.ply 

not as great a problem as it is in arid areas. Of 
\ 

course. water demand may be less in humid regiona 

than in arid areas. 

4.33 Dr0uSbts and weather modification.--

Soae 2.000 years ago. the Emperor Xerxes of Persia 

ordered that the Hellespont water passage be lashed 

100 tt.es by his charioteers because a storm had de

stroyed his pontoon bridge. Possibly man's active 

attempt to master the weather st... from even ear

lier periods. Yet it is only within recent tiaes 

that man has achieved sa.8 degree of success througb 

his effort~ in cloud seeding. Although statisti~l 

evidence strongly suggests that this technique has 

been fairly effective. it is nevertheless true that 

only clouds with a potential for precipitation can 

be seeded with any expectation of success. 

Even so, the case for seeding is a very strong 

one. Expert.entation is continuing; the Soviets 

maintain that some favorable results have been ob

tained in their attempts to develop seeding tech

niques to avert hailstorms. 

Despite the foregoing. no method has been de

vised that can effectively ~ight sustained drought 

in semi-arid areas. The solution, if it can be 

called that. IDUSt be expressed in negative terms. 

Simply stated. such places must not be overused. 
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Chapter 1 Man and the Land 21 

The green. wet years should not be considered 

indicative of the area's average productive capa

bilitiea. Such a recommendation is easier to state 

than enforce. however. It involves education of 

the agricultural population and regulation and 

control of land use. The solution must also 

address itself to the question of land pressure 

and find SOlie way to counter the gamblinl instinct 

of many farmers and stockmen. The remedy. then. 

involvea political. social. and economic considera

tions; the technological aspects apparently hold 

little prospect for help in the immediate future. 

This also holds true for salt-water conversion if 

interior rather than coastal areas are involved; 

costs are normally too high to pump fresh water 

inland to potential irrigsble sites. 

4.34 Erosion control.--Erosion of the land 

is difficult to control. The physical measures 

which should be taken often can be determined 

readily. althoUlh the damage may have reached a 

point at which the erosion can only be held in 

check or the rate slowed down. Complications 

arise mainly as a result of the non-physical or 

social factors. Por example. the conditions of 

farming may be such that they prOlllOte misuse of 

the land. This may be a result of disinterested. 

absentee ownership; or it may be the result of 

overpopulation. land hunler. or unfavorable ten

ancy arranlements. Erosion. then. often must be 

dealt with on a political. economic. and social 

baaia. 

The ususl conservation measures taken in re

lation to erosion control include crop rotation. 

strip cropping. contouriug. stubble mulching. 

terracing. and replacement of the vegetative 

cover. Growth of gullies (ditches created by 

runninl water) can be stopped by construction of 

saall check d ... which trap eroded material. 

One of the first steps in soil conservation 

involves the develoPJ!K!llt of a land classification 

sch ... which would. among other things. categorize 

agricultural land according to its ability to re

sist erosion. This. in tum. would facilitate 

instruction to farmers on proper manalement prac-

'tices. and it would provide useful guidelines for 

soil conservation agencies. 

5. ECOLOGIC BALANCE 

Ecology is the study of the interaction of 

liviOl organisms amonl themselves and with their 

environment. It is a science in which there often 

is limited understandinl of the way in which an 
i 

ecological system. or ecosystem. works. The end 

result of an ecololical change. therefore. may be 

unexpected or at least not always readily apparent. 

Por example. the introduction of large amounts of 

carbon dioxide into the atmosphere aay change 

average world ,temperatures; it is not yet clesr 

what direction the resction will take nor what 

the end result may be. There are many variations 

of this theme. The introduction of rabbits into 

Australia is a classic example. The rabbits had 

no natural enemy to attack them. and their subse

quent population explosion destroyed the grass 

cover available for sheep. Similar results oc

curred when imbalances were created in bird-insect 

ratios in China and coyote-prairie dog ratios in 

the United States. In Thailand and Borneo recently. 

insecticides used in mosquito sprays were picked up 

by cockroaches and passed on by house lizards to 

cats. An increase in cat mortality resulted in an 

explosion of vil181e rat populations. One can. of 

course. overstate the case. About 100 years aao. 

someone equsted the fate of the British Empire 

with the number of unmarried ladies and cats in 

England by SOlie unreliable reasoniDl. It does 

appear. however. that tamperiDl of life chains 

often have SOlIe far-reaching and compounding 

effects. 

It seems that certain ecosystems are more 

susceptible. to damsle and chanle than are others. 

This is particularly true of polar regions. deserts. 

marshlands. and tropical rainfores ts • Por example. 

the conversion of tropical rainforests to seai

permanent savanna. by burning. quickly results in 

soil deterioration. both in terms of structure as 

well as nutritive value. Irrigated desert soils 

can become salty within a comparatively brief 

period of time. Careless construction of housing 

or roads on top of frozen ground in polar areas 

has resulted in a very damagiDl form of erosion. 

The ability of these areas to recover from such 

change -'7 be poor or slow at best. 
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5.1 Problems of ecological change 

People often take opposite positions in re

gard to man's role in changing ecoloaical balances. 

On the one hand, persons who believe in careful 

preservation and protection of natural resources 

are opposed to al.ast all chanae. Their view is 

that, without a clear understanding of results, 

ecological chanae could be harmful. Since the 

final outcome of environmental changes cannot be 

deter.1ned with certainty, their feelina is that 

thinas should be left as they are. On the other 

hand, so.e people see DO basic dangers involved 

in puttina technololY to work to develop and sup

posedly improve man's habitat. For e~ple, 

certain Brazilians maintain that it is not desir

able to preserve the Amazonian environment in its 

natural state, aiven the national need to improve 

the level of livina. 10 Some observers in devel

oped nations have been quick and probably right to 

criticize such attitudesi nevertheless, problema 

caused by an energy shortage seem to have lessened 

the concern of some people in those same countries 

over pollution levels and other fOl"lllB of environ

mental mismanagement. 

Another example which indicates the lack of 

a clear understandina of the implications of tech

nological chanae involves DDT (a chemical that 

kills insects). Its introduction has undoubtedly 

lowered mortality rates in malarial infested areas . 
throughout ~he world. To mention a frequently 

cited case, massive spraying durina late 1946 and 

early 1947 in Sri Lanka (Ceylon) cut the death 

rate by more than 30 percent. Accordinaly, many 

medical authorities view the .use of DDT as bene

ficial, on the whole, since it has the immediate 

effect of savina lives. Health experts are not 

ecological experts, however. Ecological damage 

froll DDT mayor may not be as areat as some alarm

ists claim. Nevertheless, it would appear as 

thouah an impartial assessment of benefits and 

costs is best undertaken by a team of p.eople rep

resenting a variety of interests in the physical 

'·Willi .. Denevan. "Deve1opllent and the u.inent !leahe of the 
Mazon Rain Forest," The Professional Geographer (May 1973), p. 133. 

and social sciences, before a final determination 

is made. This highlights the inter-disciplinary 

nature of the science of ecololYi no indivdual or 

sinale science can lay claim to complete expertise. 

To return to the case of DDT and Sri Lanka, the 

spraying program was successful and therefore was 

phased out by 1966. TWo years later, malaria had 

again reached serious proportions and the spray!na 

program was resumed in 1969. The Assam Province 

of India has undergone a similar experience. Bow 

long and to what dearee CAll DDT continue to be 

used? It would appear to be misguided judgMnt 

to rely on medical advice solely in determinina 

whether these DDT programs should be continued. 

5.2 Environmental mismanagement 

A lack of understandina of the components of 

change in an environment will finally result in 

ecological damage by some of the new practices. 

Several examples follow. 

5.21 Increase of salinization.--The first 

case is that of salinization (large amounts of 

salt in the soil). Figures 1-16 and 1-17 illus

trate how growth of crops can be affected by 

soil which has an excess of salt. 

Irrigation schemes in arid and semi-arid 

areas often have been undertaken without provision 

for proper drainqe of water off the land. As a 

result, the water table may rise and the dry air 

may pull moisture up through the soil. Evapora

tion then takes place and the salts brought up by 

the water are deposited at varyina levels in the 

soil horizon. In many cases, the salts appear at 

or near the surface. Very large land areas may be 

affected in this way. Irrigation of the Indus 

River basin in Pakistan, for ex&IIPle, has caused 

damage to huge land areas. By the early 1960's, 

the rate of salinization in this area was averag

ing ~v,r 24,000 hectares a year. Ancient hydraulic 

civilizations were affected in the same way. Thus, 

a major part of the irrigated Tigris-Euphrates 

valley may have been abandoned because of soil 

salinization, rather than destruction of the water 

distribution systell by invadina nomads. 

Digitized by Coogle 



Chapter 1 Man and the Land 23 

Figure 1~16. SALINE SOIL 

(Cotton on saZine soU has an i'l'l'egulaP stand and gr'OIIJth) 

Scna'OB: Afur Q IIuniINd YlUD"e. u;s. lWpartment of AgricuXt:uN YlUD"book. 1962. 

Figure 1-17. NONSALINE SOIL 

(Cotton on nonsaZine soU has a uniforrm stand and gl'OfA1th) 

SourotI: Afur Q Hund:Nd YlUD"e. u.s. o.partment of AgricuXt:uN Yearbook. 1962. 

Digitized by Coogle 



24 AGRICUL TURE AND POPULATION: World Perspectives and Problems 

The solution to salinization is a costly one. 

A drainage system must be installed and large 

amounts of water used to flush the salts away. 

Usually, this type of reclamation is not econom

ically feasible. 

5.22 Removal of vegetative cover.--The sec

ond case involves a subject which has been touched 

upon--man's removal of vegetative cover (.ee fig

ure 1-9). It has been stressed that the tmp1ica

tions and dangers have not always been understood. 

For example, children in the United States are 

told stories of the great physical skill of a 

mythical hero, a forester named Paul Bunyan. He 

is closely associated with the period when the 

large forests of the northern Mid-West were cut 

to excess. A good deal of the accelerated ero

sion, downstream flooding, and damage along the 

Mississippi River valley was a direct result of 

the destruction of this resource. It would appear 

that Paul Bunyan could be portrayed as an ecologi

cal villain just as easily as he can be portrayed 

as a hero. 

There are other examples of mismanagement of 

forest cover. The small islands of the Grenadines, 

in the Caribbean, have been converted from sub

tropical forests to desert in less than 150 years. 

In Madagascar, only 70,000 square ki1a.eters re

main of a forest reserve that origins11y covered 

600,000 square kilometers; the area now has a 

poorer quality soil and is mainly scrub savanna. 

During the Middle Ages, the Charbonniere Forest 

between Be1gi18 and Holland was so thick it served 

as an effective divide between th~ two peoples; 

nO trace of it remains today. At the present 

rate of cutting, the forests of eastern Paraguay 

should last only 10 year. more. Some observers 

suggest that this also could happen to the Amazon 

rainforest. II A forest is a renewable resource 

only if people see the value of sustained yields 

and erosion control; if they do not, those respon

sible for overcutting are simply opportunists who, 

according to the Brazilian writer, Ho1anda, wish 

to pluck the fruit without planting the tree. 

··Willi .. Denevan. "Develop.ent aDd the t .. inent Deadae of the 
_zon Rain Foreat." The ProfsssionaZ GeogNph8r (ltay 1973). ~81a. 

5.23 Misplacing of dams.--The third example 

·invo1ves dams. Some of the difficulties in regard 

to their construction and oper4tion have been aen

tioned earlier. Other ecological problems are 

also worth noting. Probably one of the best pub

licized cases has been that of the High Aswan Dam 

in Egypt. It has raised water tables, increased 

salinization, and accelerated the downstream 

scouring of the Nile River bed and delta. Silta

tion and water evaporation off Lake Nasser are 

also problems. In addition, the absence of silt 

and the even flow of water at the delta has re

sulted in the breaking of an aquatic life chain 

and the decline of the sardine fishina industry 

in the eastern Mediterranean. The availability 

of year-round irrigation water has also increased 

the spread of the disease bilharzia. This has 

also happened in the irriaated zone watered by 

the Volta Dam in Ghana. One might also add' that 
\ 

it is possible that the heavy weight of water in 

a very large reservoir may cause minor earthquakes. 

Lake Xariba, a reservoir located along the Zambesi 

River between Zamia and Rhodesia, can be mentioned 

in this regard. 

5.24 E1tminstion of marshlands.--Fil1ing 

in of marshlands constitutes another example of 

poor perception and environmental miamanaaement. 

In many cases, such area. serve as water storage 

basins and spawn ina grounds for large numbers of 

fish. ·These marshes also provide a home fo~ 10ea1 

birds and a haven for those moving along flyways. 

Marshlands often can provide more protein per 

hectare than can most types of agricultural land. 

Traditionally, however, poorly drained swamps and 

tidal flats have been perceived solely as nuisances 

to urban life or as potential sites for farms. 

5.3 Social factor 

Often the degree to which an ares can recover 

from ecological damage is as much a function of 

social organization as it is of physical condi

tions. For example, there was great concern over 

the ability and time needed for nature to repair 

the damaae created in the Dust Bowl in the United 

States in the decade of the 1930's. Since popula-
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tion pressure and land hunger presented no real 

problems. improved agricultural techniques could 

be employed in the area. Consequently. the region 

experienced a fas.ter rate of recovery than had 

been anticipated. On the other hand. it does not 

appear that the Sahel region has the same ability 

to recover. given the overpopulation now prevalent 

in that region. The Sahel solution. therefore. 

must be (at least in part) a social one. In other 

words. environmental management has to focus on 

man as well as on nature. 

6. SUMMARY 

If modern man is not at the complete mercy 

of the environment. neither does he appear to be 

entirely the master of it. Ris knowledge of eco-

logical processes is incomplete and his perception 

of the environment may be in error. An examination 

of the components of the physical landscape sup

ports the reasoning that man must operate within 

nature's framework or endure the results. Within 

the constraints imposed by nature. however. he can 

have certain choices of action open to him. In 

this sense. his ability to control or improve his 

environment depends as much on social organization 

as it does on technological skill. Thus. any 

attempt to help a damaged habitat (such as the 

Sahel) to recover depends. in very large measure. 

on man's administrative capabilities and on the 

degree of population pressure and land shortage 

in the area. These conSiderations are essentially 

economic. political. and social in nature. 
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1. INTRODUCTION 

The human population of the world will double 

its current number in about 35 years and nearly 

triple in 50 years if the present rates of growth 

continue. As a result of different growth rates. 

it is quite possible that by the year 2000. 8 out 

of every 10 persons will be living in what are -now 

considered to be developing countries. (Refer to 

figures 2-1 and 2-2. Note that figure 2-1 is based 

on 1961 data and figure 2-2 starts with 1970.) 

Such sizable growth raises qualitative and 

quantitative questions regarding levels of living 

(see figure 2-3) and the world's ability to in

crease its production of food to feed adequately 

about 7 billion people. This present chapter is 

concerned with population distribution. migra

tion. growth. settlement. and employment. Clap

ter 3 discusses agricultural matters; and chapter 

4 deals with the question of how to increase world 

food production to meet population needs. 

Figuzoe 2-1. WORLD POPULATION 

' .. . 

WORLD POPULATION: 1961 

PERCENT OF 
WORLD TOTAL 

Pakl,lIn ,.. tndonHta a~ 

TOTAL POPULATION 8_1 billion 

Each dot rep..-nla 
200,000 penons 

SOla'Ctl: A Graphic .s"umr:zry of World Agl'icuttuN. u.s. lJtlpa1'tmtlnt of AgM.cuttuN. 1964. 
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Figure 2-2. POPULATION EXPLOSION 

(Bi~~ions of peop~e) 
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Source: IiaJo on 1/ungtl7'. U.S. Agsnoy for Inu1'I1Qtional 
Dtlwlopmmt. DeOtllllbtlI' 1974. 

2. DISTRIBUTION 

The distribution of the world's human popula

tion is uneven. The major areas of population 

concentration cover only about one quarter of the 

land surface. Land use and economic activity are 

fairly intensive in these places. By contrast, 

the remaining land surface is sparsely settled 

and little used. and includes deserts, polar re

gions, tropical rainforests, most highlands. and 

swamps; these types of areas have successfully 

reaisted advances of large numbers of people from 

earliest times to the present. 

The distribution of people can be grouped in 

several different ways. About 90 percent of the 

world's population live within 1.000 kilometers 

of the sea. on plains, and below 2.000 meters in 

elevation. Almost half the world's population is 

located in four countries--India, the People's 

Republic of China. the U.S.S.R •• and the Un~d 

States. Even within these areas ~f concentration. 

however, the distribution is still very uneven. 

The areas of more intensive land use and larger 

populations are known as the "ecumene"; the empty 

regions are referred to as the "nonecumene." 

Population masses, or their lack, are the re

sult of both physical and non-physical conditions. 

In most cases, it would be in error to explain 

distributions solely in terms of one or the other 

of these factors. They will be discussed sepa

rately; however, they often operate together in 

creating conditions which are favorable or un

favorable to settlement. 

2.1 Physical factors 

Plains provide man with a somewhat more favor

able environment than do the other types of land

forms (hills, mountains, plateaus). Plains permit 

easy settlement and movement; one does not find 

the kinds of obstacles that are common to mountain

ous areas and plateaus. However, not all plains 

necessarily attract people. The Amazon Basin, the 

Figure 2-3. THE DEVELOPMENT GAP 

-~DwMpod -= 
THE LUI DEVELOPED 
COUNTlIIEl HAVE • .. 

... Low'_ 

. . . ~-
. .. LowLIII 
E~ 

....... --" 
000tIIt ..... ,.000 
L ... Bir1tIt -----

SOl4'(H: IiaJo on 1Iungtn'. U.S. Agsnoy f07' Inu1'I1Qtional 
Dtlwlopmmt. DtI,,-'1' 1974. 
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Great Plains in the United States, and the West 

Siberian Lowlands are not densely settled. 

Consider some of the effects that rugged 

terrain forces on the IIIDve_nt of people and 

ZOOds. To travel from the North Ri. to the 

South Rim of the Grand Canyon in the United 

States, for e~le, is a fairly short distance 

as a pl.8ne flies. It is, however, a long and 

circuitous route if one has to travel along the 

plateau surface. To mention another example, 

goods IIIDved from the People's Republic of China 

to Nepal have often lone by ship to India and 

then to Kath.andu, Nepal. The trip is longer, 

but the route is easier to travel. Similarly, a 

trip from Lima to Iquitos in Peru normally i~

valves a seagoinB voyage through the Panama Canal 

and a boat ride up the Amazon River to avoid the 

barrier created by the Andes Mountains. 

The aixinB of people, goods, and ideas is 

therefore easier on the plains, and inbreeding 

due to isolation is less apt to occur. Coastal 

plaina are particularly favorable in this regard. 

Another factor, also quite important, is that 

soils are generally deeper on plains. Thus, if 

available water is adequate enough, this type of 

landform can, all things beinB equal, develop 

readily and easily as an agricultural region. 

Figure 2-4 shows a fairly typical pattern of 

population distribution around a lIIDuntainous area. 

water can be obtained on the plains along ·the 

base of the mountain chain; accordingly, popula

tions are located there, despite lIIDisture de

ficiency due to an arid climate. Note that few 

people live in the area with steep slopes despite 

the precipitation and availability of water. 

In spite of the difficulties of living in 

mountainous terrain, people do not coapletely 

avoid them for habitation. The Andes Mountains 

in South America, for example, have large concen

trations of peopl~ living at high elevations. 

These population clusters are mainly located in 

natural basins in lIIDuntainous areas and the peoples 

. in them have tended traditionally to reuin some

what isolated from each other. 

Figure 2-4. POPULATION DISTRIBUTION AROUND 
A MOUNTAINOUS AREA 

TOPOeRAPHY 
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~: 7'M PhlleicaZ and Eaonom.c POWIdatiott of NatlD'aZ 
R.8011Z'0f18-III. Intmar and I_ZaP Affail'e 
COIIIJritu.. u.s. HOWl. of R.pN8entatiw8. 19SI. 

Within recent tt.es, scientific and techno

logical advances have peraitted man to live in 

undesirable places. Svamps have been drained, 

desert areas have been irrigated, and lIIDuntainous 

areas have heen made .ore accessible throuah road 

construction and the use of aircraft. There are 

now over 1 mUlion persons living north of the 

Arctic Circle in the U.S.S.R., and rouahly the 

same number of inhabitants in Amazonia in Brazil. 

However, it often proves difficult to recruit 

volunteer settlers for some of these areas. 

Althoulh there has been recent settla.ent in 

parts of the nonecumene, current world population 

distribution has not chaDged substantially in 

modern times. It seems improbable that the pres

ent large, empty areas of the world will be in a 

position to challenge the superiority of the 

ecumene in the near future. 
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Non-phhuhuul factuuu ur cultuuul luctors. 

as the geographer would designate thea) account 

significantly for the whereabouts of certain 

hUhulations hhecificahlh one can on ecu~ 

uuulc. socluh uud factoru u~lch appeau 

to influence settlement patterns. 

2.21 Economic considerations.--Economic con-

ui<TIurationu 

uuuuacting 

strong iuliuence iu 

hui1ding uuuuentratiuuu popu1u~ 

tiona. People tend to converge to those segments 

of the ecumene which are reported to offer the 

opporlsu1ides for uiiu"P:uing a lluulihood. 

ezamp1u0 percenu file populuuluu of 

Zambia is located along a belt 40 kilometers wide 

on both sides of the main rail line that connects 

major centeuu uhe COUDuuy By cOu-

uuuut. gainlnl hud prohuuuluu emp10huuul usual1h 

is more difficult to find in non~cumene areas. 

Occasionally, "boom towns," such as mining centers. 

up s§1hesirabiu ; but seldom 

huuurate ouhuu m~jor activiiluu and reui-

dents quickly depart once the reaource is gone. 

'Dlis would account for abandoned aining towns in 

yuulco, Boi1ulus or in 

eX8IIPlu~ 

uustern States 

In some cases. people living on poor land 

often have higher levels of living than those 

uuuiding in uUhions Wilh huuuer and abundauu 

uuuuurces. answer. luast in rests 

on social organization. incentives. and ~oals. 

In addition. people view certain areas favorably 

luu~use thulu uucia1 rouiu uue theru~ zab1e 

luhu1ation uu§0uuutratiuuu often in pouu 

areas. despite the fact ,that economic opportunities 

are limited. The reluctance. in the past. of the 

Indonuuiuuu to mouu luuo Sumaluu of thu lihfio

pianu huve infiu low'LssuL= ur of thu lUla

nese to move to northern Hokkaido can be cited 

as ezamp1es. 

Po1itiuu1 ~~nnslder~Llu,l~ .• --POpn! uLlun 

diatuihuLlon is uLluuLed by PLi11ica1 conullLuL

tions as well. Historically. governments'have 

attempted to move people by persuasion or even by 

reas0sufiiuhTI to 

cesu hTILe,impauL 

uith va~lhuh lesrees 

holiticul hLlicy shL~L ulde 

differencea. Ecuslor. in spJte ofi officJai pJead

ing, has not been able to move many colonists into 

its uusturn areus uhureas lIIihration between India 

and hLIILtan at It.e of huuLILion was 

tiady hurced auh quite By Lu~Luast. 

fairly large internal movements of people into 

the eastern part of Paraguay have taken place 

witlmsl uuch gouuLsU§~t urgis1h, ulereas 

Peohlu Repub1iL China hus been LO 

encourage large numbers of Chinese to move into 

Tsinghai or Sinkiang. 

~~=m=~~~~~~n=--Very 

combinations of factors account for distribution 

patterns. 

quiuuh 

For example, the economic cost re-

conneCL ecumenL\uilh those iuu1uted 

arUUH uhlch seem hLve devLluhu~ut potuuLlul is 

often so high as to make it lapLactica1; 

also difficult to induce settlers to move into 

such h1aces. 

Is SometlhuL Lrgued Lhe ecoLuulu and 

social costs incurred in frontier colonization 

schemes could more profitably be spent in the 

ecumeuu the fluL 11ace. this 5r'0'¥00~-TII" 

crease agricultural production by means of higher 

yields in the ecumene or to expand cultivated 

arLLu frontluL u~nes. 

There are two types of internal migration 

whirh currenLli huve an on ru5Ll ~0~eas. 

The invo1vLL uLianizatl~u uLd the is 

the movement to frontier zones. In terms of mag

nitude. the former is much larger than the latter. 

Lliiough ure oftus varlLLlL~S betweL~ 

5uuutries. 

3.1 Natural growth 

As a of naLuTIrl growth, ue11 as 

TIlh5ation. 40 peL5uuL of the s popu-

lation now live in urban places. By contrast. 

the absolute growth of frontiers is not nearly so 
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great; additional occupancy of the nonecuillene,ohas 

been coaaparatively IIOdest. 'Ibis trend is not new. 

For example, exam.nation of the history of popu

lation distribution in the United States shows a 

definite IIOV.-nt into the western frontier. ~ut 

it also reveals a auch larger absolute growth in 

the eastern half of the country since colonial 

times. SiaUarly. the Brazilian goverDMllt has 

currently focused on its frontier. Its capital 

city has been shifted and a Tr8na-~zonian road 

networlt is UDder construction. Yet, Brazilia is 

located within the ecuaeDe. Further.ore, its dis

tance from the coast is coaaparable to that of 

Chicago from Megalopolis (which is the heavy con

centration of cities on the northeastern coast of 

the United States). Undoubtedly. the new Aaazon 

roads will attract .any settlers. but there is 

little evidence to indicate that such a migration 

streaa will approach the rural to urban movement 

in ter1118 of _gnitude. 

3.2 Urban migration 

It has been sU88ested that urban lligration 

d 12 stre~ are not easily controlled or manipulate • 

'lbe unsuccessful but often expressed desire of 

some gove~ts to It.it the size of certain 

cities seeaa to support this view. It is diffi

cult to keep the people "down on the farm," liven 

the perceptions they _y have of city life and 

opport~ities. SQM nations have required worlt 

permits, such as the Dutch have done in their 

Randstadt (Aasterd"-Rotter~The Baaue) area. 

Others. such as the Soviets, have at times re

stricted housing starts. South Kores impGsed a 

citizenship tax on households in Seoul in order 

to slow down the rate of urbanization. The Cuban 

regime has managed to decrease the rate of growth 

of Havana, but this has been done by promoting 

industrialization in other selected urban centers. 

The Tanzanian gove~t has rec~nded that new 

industries. wherever possible, be located outside 

12Bert.)' L. Br0llll1lla. "UrbaDiuUoa anel MoclemiuUOD 111 .Lat~D 
AMric:a: Th. ~araphic r.npecU ..... " 111 2'hs UriJan E4'loewn t.n 
Latin AmtIl'lca • • eI. b), G1_ B. Bey.r (Rev York: Cornell UDiverdt)' 
Pr .... 1967). p. 74. 

its capital of Dar es Sal.... The list of coun

tries which have attempted various measures to 

turn or slow urban gr,owth is a long one, but few 

can point to auch success. 

Rural people in many countries, 1IOreover, do 

not se_ to object to living in urban sltma. 'l11is 

is apparently because their satisfactions still 

exceed their expectations. Despite very bad 

housing and sanitation conditions. residents in 

those areas often find that aedical and educa

tional services. particularly for the chUdren, 

are IIOre readily available in urban rather than 

rural areas. Also. these people often do not pay 

rent for their living quarters, nor do they have 

to work part ti_ tilling the soil of the fana 

owner on whose land they reside. Slu. _ellers 

also s .. to find that more social aDd recreation 

facilities are available to th_ in'cities. 

Accorcliq1y, there is less political UDrest in 

ed u expandinl urban centers than had been anticipat • 

It s .... ,reasonable to asSu.!. then. that urban 

Irowth will continue. 

Many govern.ents view the effects of urbaDi

zation with alana. Pressures on houeing, trans

portation, and social services continue to in

crease substantially; sl..- grow and crowding 

seeaa to become a way of life. Efforts to create 

more urban jobs are so_times considered counter

productive, since they also tend to increase the 

flow of milrants into the city. As a result. there 

is a tendency to thinlt that the only way to slow 

down the urban movement is to malte rural life more 

attractive. This, in turn, involves a choice of 

alternatives--to develop competitive attractions 

in the ecumene or in the frontier lands of the 

world. It has been 'pointed out that frontiers 

have not usually drswn larle numbers of migrants. 

in spite of the efforts by many governments to 

draw people into them. This is not to sugaest 

that a coaapletely unchanging situation exists. 

Some centers in such places as the Montaiia, along 

lIWa)'D. A. Com.li ... "UrbaDiuUoa .. an AaeDt 111 Lat1ll AMrica 
PoliUcal lDatabil1t)'." AmtIJOioan PoZitiaal Sai_ Ravi., (Sept ..... r 
1969), ~. 
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the eastern flank of the Andes. have grown mod

estly. Indeed. some observers maintain that large 

population shifts and a new equilibrium in distri

bution are possible in the future. For example. 

a fairly coaprebensive United States governaent 

report on the world food supply suggested that 

population pressure in Asia might induce migra

tions to the Americas and to Africa which would, 

be comparable to those of the 19th Century.l~ 

Given the present obstacles to international 

migration. this possibility seems doubtful at 

best. Nevertheless. future events are hard to 

predict. 

3.3 Rural population growth 

Economic development of agricultural areas 

in the ecumene is. in part. offset by rapid rural 

population growth. It may be true that the per

ceived attractions of the city and poor conditions 

in the countryside seem to reinforce each other 

and accelerate urban migration. Nevertheless. 

rural areas still suffer from the effects of over

population. Furthermore. the problems of improv

ing the economic base in these areas are great 

indeed. After major government efforts. the North

east in Brazil. Appalachia in the United States. 

and the Mezzogiorno in Italy remain basically 

poor rural regions. 

4. POPULATION GROWTH 

There is a considerable amount of literature 

on the current population explosion. and the 

reader is directed to other documents for detailed 

coverage of the subject. The objective of the 

following section is merely to highlight some of 

the more iaportant characteristics and consequences 

of this growth. 

To begin with. the present population explo

sion is not the first one to occur; there were two 

others. One took place at the tt.e of the Agricul

tural Revolution. some 10.000 years ago. Another 

I ·-rr .. Uat'. Sciace Advi80ry c-1ttee. Ths World Food Bi!abZ4rlll 
~aab1D&tOD, D.C.: U.S. Go.era..nt Print1D& Office, 1967), Vol. I, 
pp. 8~14. ~-

explosion occurred during the Industrial Revolu

tion which started in the 18th Century. It is 

particularly appropriate to point this out. since 

this chapter is concerned with the relationship 

of people and resources. Although much smaller 

numbers of people were involved in these earlier 

expansions. the available scientific and techno

logical skills of those times limited the degree 

to which the resource base"could be utilized. 

Population pressure was eased in both cases by 

an expansion into empty but generally accessible 

and favorable areas. Significantly. it does not 

appear as though current problems- can be solved 

in this manner. 

The current rates of growth cannot be SU8- \ 
I 

tained indefinitely. regardless of technological 

achievement. Figure 2-5 illustrates estimated 

future population increases. Increases after 197q 

are based on the assumption that growth rate8 w1~' 

not change. The chart does not indicate trends \ 

beyond the year 2000. but an observer might assume 

that future population growth would continue 

indefinitely. 

FiguN 2-5. TWENTY CENTURIES OF WORLD POPULATION 
GROWTH 
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SouzotHI: .Ibn. Land. aPId Food. U.S. Depcuotment of AgricultuN. 
FONign Agricultural Economic Report No. 11. 
NOPeIIIber 1968. 

Straight-line projections which assu.e un

changing trends can be llisleading. For ezample. 

if a man weighing 100 kilos dieted and consistently 

lost 1 k1,lo per month. he would lose about 12 kilos 

per year and would disappear completely in roughly 

8 1/2 years. To illustrate this point even further. 
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consider the statement made by William Godwin. a 

contemporary and an opponent of Malthua. Mr. God

win suggested that the day would come when one 
, 

flower pot could supply enoush food for one per-

son for a year. If current growth rates are pro

jected into the future. it becomes apparent that 

the world woUld ultimately run out of space for 

the flower pots. Before that day would come. of 

course. mortality would start to rise. The alter

native to sustained high growth rates and poverty 

would appear to involve some form of population 

control as well as some attempts at economic de

velopment. As a Director General of the FAG has 

indicated. the developing nations must start to 

"plan their population growth instead of letting 

it happen." 15 

Attitudes regarding population control are 

hard to change. One author cites a middle-aged 

peasant farmer who had benefited from the Green 

Revolution as saying. "It's too bad ••• (the Rice 

Institute) didn't make miracle. rice a few years 

earlier. If they had. my wLfe and I could have 

had more children.,,16 In other words. population 

control implies a change in people's motivations. 

goals. and incentives. It does not appear as if 

these can be changed easily or quickly. 

Large-scale urbanization does not hide the 

fact that rural fertility has remained high. 

Although many people feel that urban growth is 

undesirable. some observers consider such migra

tion as favorable. since it seems to relieve rural 

land pressure. 17 Yet. high rural growth rates 

will offset such gain unless some major effort 

at population control is adopted in the country

side. 

The size of the agricultural labor force would 

not be affected by a sudden drop in birth rates for 

a period of about 15 years. since it would take 

that long for the smaller sized cohorts to become 

I Spood aDd Aar1c:u1ture Organization. T1uJ Statfl of Food and Agl'i
au~tur8. 1971 (ao.e: 1971), p. 217. 

u a•E• Bub. "San Barto1_ aDd the Green Revolution," Ecorwmic 
c.~hy (January 1974), p. 59. 

1 Pre.ident's Science AdVisory eo..ittee. T1uJ World Food Probtsm 
(Washington, D.C.: U.S. eovera.ent Printing Office, 1967), Vol. I, 
p. 86. 

part of the economically active population. Yet. 

total population growth over the next decade and 

a half will be sizable. Accordingly. two goals 

must be pursued Simultaneously-population control 

and improved agricultural production. A solution 

to one problem should be accompanied by renewed 

efforts in the other in order to help correct the 

population-food imbalance. 

Finally. it has been noted that population 

growth is often tied closely to pollution and 

ecological mismanagement. In many developing 

countries. for example. increasing levels of over

population and land hunger are a cause of accel

erated soil erosion. It is sometimes suggested 

that such problems are not a result of population 

pressure. but rather of social maladjustment and 

lack of environmental controls. Persons who agree 

with this reasoning point to the theoretical case 

of a country which could presumably decrease pol

lution levels and increase population at the same 

time. On the other hand. it is argued that one 

can imagine the reverse possibility-increasing 

pollution levels and decreasing population. 

The concern. therefore. is not so much a 

matter of population size. but rather of what the 

people are doing. What are their economic. social. 

and political goals and how are these objectives 

implemented? 18 Having made this point. the fact 

still remains that ecological mismanagement is 

commonly associated with a growing population and 

an increase in levels of living. 

In developed nations. modest population in

creases are accompanied by even greater demands 

upon the resource base. often without much regard 

for ecological effects. On the other hand. in 

many emerg~ng nations. land pressure due to over

population is made more acute by the introduction 

of more mouths to feed. It then becomes simply 

a textbook exercise as to whether a population 

could theoretically grow in size without harming 

its environment. 

IIPrank W. Ifot_tetn. "Zero Population Gmvth." PopwZation Indrz 
(Oct.-Dec. 1970), p. 446. 
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5. SETTLEMENT PATTERNS 

Spatial patterns of settlement do not always 

clearly indicate the location of the boundary line 

between urban and rural areas. In some cases, a 

city wall or a row of houses may serve such a 

function. More cOllllllOnly the urban-rural division 

is a complex one, and the boundary is very diffi

cult to define. Administrative lines often are 

used, but they are not functional in terms of land 

use since they commonly do not separate the rural 

from the urban. Therefore, it is important to de

fine the terms and explain the reasons for-the 

designation of both types of areas. 

5.1 Types of settlement 

There are two different types of settlement-

dispersed (or scattered) and clustered (or agglom

erated). It is often assumed that the dispersed 

population describes rural areas and clustered 

population describes urban places; however, this 

is not necessarily the case. For example, a dis

persed, urban-oriented population can sometimes 

be found in the area be~ond the suburbs of a large 

city. These people want to live in low density 

places, but they may work in the city and demand 

various kinda of urban services. Such a popula

tion is non-agricultural, althoush the people live 

in an area which many would designate as rural. 

At the opposite end of the scale are to be 

fo~d small agglomerations, consisting of farm 

houses. The farmers in these houses live close 

to each other, but they cultivate plots of land 

which may be located at some distance from the 

nucleus. No urban services are associated with 

this cluster. Such a place, sometimes called an 

aaro-villale, is rural both in character and 

function. 

5.2 Urban-rural definition 

Each nation decides for itself what it con

siders to be urban area; ·the remaining area is then 

defined as rural. Little effort is made ,to clas

sify the latter in 1t0000geneous groups. This is 

unfortunate, since rural areas often differ from 

each other in terms of the degree to which they 

are either rural or urban. For example, an area 

with a rural non-farm population or with a concen

tration of vegetable farms clustered around a large 

city, is different in character from range land or 

wheat belts which are far removed from large urban 

centers. 

Generally, urban places are designated in five 

different ways. First, clustered settlements can 

be defined by population size, all places above 

some arbitrary limit being included in the urban 

category. Thus, in Jordan all places above 10,000 

population might be considered as urban; in Zaire, 

the cut-off might be set at 2,000. In some cases 

any cluster, regardless of size, may be counted as 

urban. Because of the great variation in size 

limits and the subsequent difficulty in making com

parable studies of urban or. rural statistics, the 

United Nations recommends that all places of 20,000 

or more be classified as urban. 

Second, areas of high density may qualify as 

urban. In the United States, for example, suburbs 

of large cities are considered urban if they have 

a density of 400 or more per square kilometer. 

Third, a place is urban if it has sOlIe legal 

basis for existence, or if it is an administrative 

center of some sort. Similarly, in some countries 

a place is urban if it is controlled by some desig

nated type of political entity. 

Fourth, a place is urban if some sort of urban 

function is involved. In Central America this 

might refer to the existence of piped water or the 

availability of electricity in a certain pro~ortion 

of the housing units. In other nations, it misht 

refer to the availability of public transportation, 

the degree of fire and police protection, the types 

and quality of the educational facilities, or the 

percentage of non-agricultural workers. 

A fifth means of designat'ing places as urban 

is to use criteria which are unique to the country 

making the determination. For example, before the 

advent of the Castro regime in Cuba, towns with 

streets that had names were considered urban. In 

Ethiopia, it has been SU8lested that one criterion 
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for an urban place should be that the center have 

a tavern or similar type of establishment in' which 

alcoholic beverages are sold. In some countries, 

an arbitrarily chosen number of the largest cities 

are declared urban. Others combine a number of 

the foregoing criteria to make their designa~ions. 

Although the definitions of urban places 

vary greatly, they often make sense if considered 

within the cultural and economic framework of the 

country involved. There are difficulties, how

ever, in making comparisons between nations. What 

is urban in Thailand and what is urban in the 

Sudan might differ so substantially that any at

tempt to compare the urban populations of each 

could be very misleading. Accordingly~ observers 

should use these data very carefully. 

5.3 Urban places and their tributary areas 

Early Egyptian hieroglyphics designated an 

urban place by a symbol composed of tw~ crossed 

lines bounded by a circle. 19 The two lines rep

resented a crossroads and the circle presumably 

portrayed a wall or some sort of town (or village) 

boundary. Another interpretation suggests that the 

point where the two lines met was the site of the 

urban place and that the circle enclosed the tribu

tary area. This also suggeats that a close rela

tionship must have existed between the village and 

the open country. 

'A village provides a marketplace for farmers 

and is, in turn, a center where goods and services 

can be obtained. These central places are them

selves linked in an ordered system to larger urban 

places and then to cities. Each center which is 

higher in rank order has a larger tributary area. 

The number of commercial establishments or the 

size of a settlement is normally closely linked 

to the population size, transportation system, and 

purchasing power of the market area beyond the 

settlement; additionally, they are closely linked 

to the relationship of the center to the other 

clusters in the region. 

It E. J08_. TClWII8 and Citiu (11_ York: Oxford IlDlveralty Pre ••• 
1966). p. 7. 

Urban places perform good and valid functions 

for the surrounding areas. The latter areas, in 

turn, may be rural in character, but their activi

ties are very much conditioned by their closeness 

to an urban center. To a degree, this accounts for 

the concept of "city region." Land use and settle

ment in such an area is best explained in terms of 

the close relationship between town and countryside. 

A spod example of this can be seen in Megalopolis, 

the urban complex in the northeastern part of the 

United States. This is probably the largest urban 

concentration in the world, yet it contains a var

iety of settlements, new and old, of differing 

sizes and functions. Large segments of the region 

have very low densities and many are strictly agri

cultural in character. 2o They contain concentra

tions of vegetable farms, nurseries, green houses, 

dairy farms, and poultry farms. However, all 

activities in the region, agricultural and non

agricultural, are significantly related to the 

existence of large, nearby metropolitan agglomera

tions. Similarly, the United States designation 

of "standard metropolitan statistical areas" fol

lows the same reasoning to a degree--central cities 

are combined with tributary areas to form an inte

grated urban type of unit. 

The close relationship of an urban place and 

its tributary area is not unique to the United 

States. The existence of vegetable farms and green 

belts around many urban places in the world is evi

dence that agricultural land-use patterns are based 

on distance to the city and the accessibility, size, 

and purchasing power of the market. If the urban 

center were suddenly to be removed from the space 

it occupies, it seems doubtful that the spatial 

arrangement of farms would remain the same. 

Where, then, 'should an urban boundary be 

drawn? Should it encompass only high density 

areas or should it include farm belts as well? 

Should there be a mixed zone (a sem1-urban area) 

between city and adjacent farm area? Some type 

of metropolitan statistical (rather than political 

20Jaan Cotman. IItIga'Wpolis (ea.brldse. He ... ehu.ett.: The He ... -
,ehuaett. In.titut. of T.elmolozy Pr •••• 1961). Chapter 6. p ... l&. 

I .. 
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the economically active population may be engaged 

in agriculture. they usually are not able to con

tribute their share of the Gross Domestic Product. 

In some developing countries. the average produc

tion per worker may be rather low. During World 

War II. half of the farm labor force in Rumania 

was drafted into the armed forces and yet food 

production did not fall. Examples of this kind 

suggest clesrly that agriculture is grestly over

staffed. The President of the World Bank esti

mates that. as of 1960. over one-third of the 

agricultural labor force in Latin America was 

underemployed. 22 

Some estimates have been .. de of the Clegree 

of underemployment in certain countries and the 

problem created by intermittent labor demand. In 

one study. the estimated labor demand in man-hours 

for each month of the year was calculated for dif

ferent types of farm operations and areas. These 

figures were weighted according to the age and 

sex of the local population and then coapared to 

the number of man-hours available. The results 

not only clesrly showed the degree of underemploy

ment. but alao illustrated the fact that during 

periods of peak fara activity. actual labor short

ages existed. 23 This is apparently a common occur

rence in aany agricultural areas in the world. 2It 

6.3 Solutions 

Solutions are not easy to find. Por ex&lIple. 

one might suggest multiple cropping or crop com

binations whose labor demands support rather than 

coapete with each other. thus equalizing the need 

for workers throushout the year. Needless to say. 

the necessary physical conditions. crop combina

tions. and suitable markets for the products are 

often hard to find. 

Out-migration is another type of response to 

the problem. As discussed earlier. the benefits 

1Z".rt s. lIc:II_ra. ()w Blll'lnd GbwItri_. 2\10 BiUion Peopz. 
(W .. tork: Pr .. .-r Publ1ahers. IDe •• 1'7]). p. 62. JI".rt I. Meld __ • PopuZaticm Probz.rr of aoutMm Italf/ (Syra
cue •• W .. tork: Syrac ... 1ID1vere1ty h .... 1955). pp. 66-82. 

nDeDa G. Dalr,.pl •• SIlf"IHI1I of lluZtipZ. Croppi.Jtg in Lees o.v.Zoped 
llatiorte (VuhiDatoo. D.C.: 0.5. Gowe~t hiDtiq Offic •• 1'71). 
pp. 44-45. 

of this aaveaent are largely lost because of the 

high prevailing rural population growth rates. 

Perhaps a better rural educational .Jstem organ

ized IIIOre to non-urban than to urban life and 

needs would also help. Making changes in a tradi

tional peasant society, however. is usually very 

difficult. It is relatively easier to change life 

styles .among uprooted rural folk living in cities. 

In SOlIe places, agriculture as an occupation 

is cOlllbined with fishing. as in Norway; with in

dustry, as in Japan; or with forestry, as in 

Paraguay. Despite this, few opportunities for 

work outside agriculture offer themselves in over

populated farm aress. Occasionally, a govel1UleDt 

can organize a labor force to help in such public 

works as building roads, schools. public buildings 

or storage facilities. or in installing irrigation 

and drainage lines. digging wells. grading fielcW. 

or controlling erosion. capi~al is normally needed 

for such work, although some lIIOdest efforts have 

been .. de to enlist volunteer fara labor for under

takings of this kind. 

7. SUMMARY 

It appesrs as thoulh future population distri

butions are going to stay about the same as they 

are now. Most nonectaleDe areas will remain apty 

and certsin frontier zones will experience a IIIOdest 

influx of people. It is probable that urbanization 

within the eCUIIeDe will continue. 

The total nUllibers of people in rural areas 

will probably not decline for some time, if at 

all. This is due to population increase, the high 

capital costs that are often involved in cresting 

non-farm employment. and the insbility of cities 

and industries to absorb excess fara labor. 

Althoulh some industry can be established in 

city regions, outlying agricultural areas appear 

to have less potential in this regard. The prob

lem thus revolves around the iDability of aany 

nations to provide gainful employment to people 

in the over-populated countryside. The problem 

is compounded by rapid rural population growth. 
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Chapter3. AGRICULTURE 

1. INTRODUCTION 

The arl1Jll8Dt has been cODlllOnly advanced that 

manufacturing industries contribute more to the 

Gross Domestic Product of developed countries than 

does agriculture. Many developing nationa there

fore have viewed industrialization as the best 

means by which an economy can be expanded and im

proved. Agriculture has been considered a second

ary and less significant type of activity. Accord

ingly, the social and economic image ia such that 

agriculture often is held in low esteem in many 

countries. 

Some nations, however, have begun to change 

their attitudes and policies regarding agricui

ture, particularly in the past decade. They have 

concluded that, while the potential for industrial 

and cOlllllercial development may be good, it is im

perative that other seg.ents of the economy should 

be improved simultaneously. In this view, concen

tration on one aspect, to the detriment of others, 

ia undesirable. 

A number of countries have adopted an agri

culture-first policy in determining the direction 

and thrust of their economic growth plans. This 

decision, in part, has been an outgrowth of the 

demands for more food due to rapid population 

growth and the desire for foreign exchange obtain

able from the sale of agricultural goods. 

It ia the purpose of this chapter to examine 

the characteristics of agriculture and to help 

assess its potentials and problems. In addition, 

various forms of agricultural development are 

discussed. 

2. DATA USE 

Users of agricultural statiatics should be 

particularly aware of problems relating to the 

I 

definition of terms and the comparability of data. 

For example, if the per capita income for a de

veloping country ia given in U.S. dollar equiva

lents, the data user ia then unknowingly led into 

making a comparison of purchasing power between 

the two countries. The conclusions he draws from 

this may be misleading. Few people in the United 

States could survive over a long period of time 

on an income of $100 per year. By contrast, this 

same income, although exceedingly low by U.S. 

standards, is enough to sustain many individuals 

in some countries. Stailarly, comparisons of 

arable areas may not be easy to make. A populous 

country with a great deal of land pressure may 

consider land cultivatable which the farmers in a 

better endowed country would not. Further, the 

arable area in the latter nation could readily 

change. Suppose that its government decided to 

attempt to grow as much of its food as possible. 

In such a case, idle or non-agricultural land 

might be pressed back into service •. What is pa

tentially arable depends upon many considerations, 

such as transportation, accessibility, irrigation, 

and clearing and drainage costs. 

As indicated, the definitions of terms can 

present problema. A few additional examples l18y 

emphasize this point. Distinctions made between 

the terms "laborer," "tenant," "sharecropper," 

and "owner" are not always clear; therefore, an 

individual can be classified in more than one way. 

The meaning of the word "fallow" may vary accord

ing to local custom, type of farming, and climate. 

The terms "temporary meadow," "pasture," and 

"cropland" are often vague, so that it may be 

difficult at times to assess the quality of land 

consistently-and accurately. The definition of 

a farm can be especially critical for data users. 

If criteria such as the size of the holding or 
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the value of sales off the farm change. the'sta

tistics will not be comparable from one period to 

another. Thus. the data user suddenly may be con

fronted with the appearance of a large number of 

"new" farms or the "disappearance" of many old 

farms. Finally. part-time or subsistence farmers 

mayor may not be counted. depending on the ac

cepted definition. 

The data user also should be aware that some 

statistics are more reliable than others for a 

variety of reasons. A respondent might wish to 

provide an enumerator with little or misleading 

information. fearing that his taxes might be 

raised by the govemment or that he might be 

evicted from the land by the owner. Local laws 

also might affect the reporting of data. Put 

simply. if sharecropping were illegal. few share

croppers would report themselves as such. Farmers 

may also be poor record-keepers and it is often 

difficult to obtain accurate data about crops 

which they produce and consume themselves. 

Statistics usually are reported by adminis

trative areas; therefore. data for an economically 

and geographically defined crop region which does 

not coincide with political divisions may be in

accurate. For example. the data misht indicate 

that annual forest growth and cut are equal. when 

in fact the more accessible regions are being 

ov~rcut. 

3. LAND CLASSIFICATION 

Land may be classified according to its 

ability to support a certain type of agriculture. 

Land capability (or potential) and actual land use 

do not always coincide. This is due to the many 

other variables which affect deciSion-making in 

regard to agricultural land use in any area. Pat

tems of actual land use can be based on existing 

crop pattems and rotations. and on animal hus

bandry techniques. Other classifications can be 

made based on such physical or non-physical (cul

tural) features as farm size and tenure. length 

of growing season. predominant crop. crop combina

tions. market opportunities. institutional factors. 

or slope. The large number of variables makes it 

difficult to categorize land-use areas. 

Usually. field work is performed on a micro

geographic basis in which studies of comparatively 

small areas are made. The results are often mapped 

as well as described. It is possible that remote 

sensing imagery25 will permit a great advance in 

this type of work. although most current research 

of this kind is being done for relatively large. 

rather than small. areas. The use of the new 

imagery might help lower the costs of future 

surveys. 

The utility of land-use surveys is limited. 

to a certain degree. by the original objectives of 

the people who made the studies. Unfortunately. 

few surveys can satisfy the needs of all types of 

users. A few examples of well-known surveys are 

listed below. 

(1) A World Land Use Survey was promoted by the 
Intemational Geographical Union shortly 
after World War II. Its purpose was to de
velop maps and reports of land use on a 
world-wide basis. The survey ran into major 
problems. one of which was the attempt to 
standardize agricultural land-use categories. 

(2) The U.S. Soil Conservation Service has de
veloped a land capability classification 
which divides areas into eight categories. 
based on suitability for cultivation. This 
classification focuses on physical rather 
than cultural features of the landscape. 

(3) The Land Utilization Survey in Great Britain. 
some three decades ago. adopted the policy of 
identifying areas of good farm land which. 1£ 
at all possible. should be protected from non
agricultural land use. A certain degree of 
independence was allowed within the major 
political areas of Great Britain. For ex
ample. what was considered first-class land 
in Northern Ireland was not necessarily so 
classified in Scotland. Distinctions were 
thus allowed to remain. since the major use 
of the study was to provide information for 
purposes of local planning. rather than for 
comparison with other nations. 

(4) The.U.S. Tennessee Valley Authority (TVA) 
developed a system of land-use classifica
tion which subsequently served as a model 

Z 5Repr.aent.Uon of data by eyet_ which are not iD direct con
tact with the subject b.iDg iDv.aUgated; for aa.p1., an .aria1 
photogr.ph of • rural .rea or • aate11it. 188g. abov1lla t .... r.tur. 
of 1.nd ar .... 
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for other surveys, both in the U.S. and 
elsewhere. It classed small-unit areas in 
terms of a code expressed in the form of a 
fraction. The survey dealt with such items 
as field size, amount of idle land, quality 
of farm buildings and equipment, drainage, 
soil fertility, and slope. Its major dis
advantage as a survey tool was the cost and 
time it took to develop. In addition, the 
large number of items classified for each 
area did not permit easy comparison with 
other areas. 

(5) Some attempts have been made to quantify 
classification schemes. The U.S. Soil Sur
vey, for example, has established produc
tivity ratings based on crop output by soil 
type. However, in addition to physical 
characteristics, yields reflect cultural 
factors such as management or skill. 
Accordingly, the ratings tend to reflect 
actual conditions rather than the produc
tive potential of the land. 

Despite the problems and the costs involved 

in developing a land-use survey, the resultant 

information can greatly facilitate work in eco

nomic planning. If a nation wishes to increase 

its agricultural output, a knowledge of land-use 

capability is essential. 

4. PROBLEMS OF AGRle ULTURE 

Persons who believe that agriculture is not 

a very important segment of the economy point out 

that, in a developed country s~h as the United 

States, agriculture contributes only about four 

percent to the Gross National Product (GNP). This 

belief ignores the fact that, if the United States 

farm output of raw materials was significantly de

creased and farm imports had to be substantially 

increased, much of the country's economy might 

have to be considerably restructured. Certainly 

the very important food processing industry would 

have to undergo change. 

Another argument is that most countries with 

a strong agricultural base and little else are not 

very prosperous. Denmark and New Zealand have 

high living standards, so the argument goes, not 

because their agriculture is flourishing, but 

rather because they are closely tied to the indus

trial economies of other countries. This seems 

to ignore the positive contribution which a vital 

farm base can make to the economy; it also neglects 

to take into account the fact that agriculture lias 

actually helped to develop a prosperous industrial 

mix in many countries. It is not an uncommon pro

cedure for a government to purchase domestic farm 

products at fixed, low prices and then export them 

at a profit. However, as stated earlier, agricul

ture does not contribute its share to the GNP of 

many developing nations, given the large size of 

the farm labor force; it is also true that average 

income per capita in agriculture is generally 

lower than it is in non-agricultural activities. 

The economic weakness of agriculture can be 

accounted for in several different ways. 

(1) Man's control of nature is limited. Due to 
the erratic impulses of nature, the size of 
a crop is never certain until it is harvested. 
Compared with industry, agriculture has less 
control over production; thus it cannot adapt 
as quickly to fluctuations in demand. Tree 
crops, for example, require a number of years 
before maturing. If demand does not continue 
to increase. the output from new plantings 
eventually results in oversupply and a conse
quent drop in prices. This has happened in 
coffee production a number of times. Further
more, demand for most farm products is not 
flexible; therefore, a decrease in price does 
not necessarily result in the increase in 
demand as is likely the case with industrial 
goods. 

(2) Reduction in demand has little effect on 
fixed costs, which are often high and rep
reaent a substantial portion of total costs. 
It is often difficult for commercial hold
ings to meet high overhead costs when the 
market price of the product falls. 

(3) Agricultural returns on inveatment generally 
are not as profitable as are those from non
agricultural activities. As a result, in 
most cases, it is only the farmer who in
vests in his holding. While some agricul
tural processing industries have invested 
in farm enterprises, SUCh action is possibly 
less motivated by direct profit incentives 
than by a variety of other factors such as 
tax considerations, more effective control 
over production, or inveatment in land for 
future development. 

(4) It is easy to oversupply the market during 
good years, since the large number of small 
producers are forced to sell their crops at 
harvest time at decreased prices. 

(5) Even fairly large holdings usually are moder
ate in size compared to many non-agricultural 
enterprises. Thus, small retail establish
ments in" a central business district of a 
city may require a larger amount of capital 
than many commercial agricultural holdings. 
furthermore, there are many industries of 
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only moderate size with investments com
parable to such large agricultural hold-
ings as that of the King Ranch in Texas 
(370,000 hectares), or the Alexandria Station 
(ranch) in Australia (2,935,000 hectares). 
This argument can be further strenathened by 
pointing out that the family enterprise is 
far less significant as a common productive 
unit in manufacturina than it is in agricul
ture. In addition, since the number of agri
culturists is small, resesrch and development 
activities become the function of an agency 
of the central government; accordinaly, new 
discoveries are the property of all. 

(6) Agriculture faces considerable competition 
from synthetics such as artificial fibers 
or rubber. 

(7) There is a tendency for the gap to widen 
between the prices farmers receive for their 
products and the costs of the goods which 
they must purchase. In other words, over a 
period of time, the farmer presumably must 
sell more beef in order to buy the same 
tractor. Moreover, the farmer has little 
control over the prices that are offered 
for his products. There is some thought 
that intemational cOllllllOdity agreements 
could change this situation, much as the 
Oil-producing nations seem to have done; 
however, there is no resl evidence to sug
gest that agricultural or other producer 
organizations could exert such control over 
the pricina mechanism of their products. 

5. GENERAL CHARACTERISTICS 

Many different views are held regarding the 

importance of agriculture. Some observers high

light its positive aspects and contributions. 

Others suggest that it cannot be very important 

since it is by nature subordinate to other sectors 

of the economy. Those who hold such a view main

tain that modem industry can raise national in

come to a greater degree than can agriculture. 

Great Britain, for example, has depended upon food 

imports for a long time, and yet has maintained a 

high standard of livina for its inhabitants. 

The opinion that agriculture is subordinate 

t.plies that agriculture does not have the capa

bility to improve the economy of a country substan

tially; it also implies that investment in agricul

tural development is not worth the cost. Whether 

this point of view is a valid one or not, it does 

ignore the increasing need for food in a world 

with a rapidly expanding population. 

Often it is difficult to cstegorize agricul

ture in terms of such characteristics as size of 

holding, tenure practice,. and yields. Large.hold

inga are not necessarily efficient; tenure does 

not have to be associated with rural poverty; and 

high yields are not always associated with effi

cient, low-cost farmina units. 

5.1 Types of farming 

There are two different divisions in agricul

ture which should be explained briefly. The first 

is that between subsistence and co_erdal agri

culture; the second is between intensive and ex

tensive farming or ranching. The kind of agricul

ture practiced often depends on the cliaate and 

on other natural conditioners. Nevertheless, the 

decision as to the type of farming or ranching 

involved can also reflect cultural factors. Thus, 
\ 

some countries have large, under-utilized estates 

where aniaals are grazed, despite the availability 

of labor and a capability to increase productivity. 

Conversely, a relatively prosperous agriculture 

may be found in areas with less than ideal climates 

and soils. 

5.11 Subsistence and commercial.-There are 

far more subsistence than commercisl farmers in 

the world. The subsistence farmers conaume most 

of what they produce. Only if their intemal 

needs are met is any surplus sold off the farm. 

Sometimes, even surpluses are stored and consumed 

by the producer. Thus, in many countries, a large 

proportion of the crop grown during a good yesr 

may not find its way to market. It should be 

pointed out, however, that the subsistence farmer 

often finds it very difficult to sell his surplus 

if he is forced to transport it a long distance 

to the nesrest market. Thus, he is part of the 

non-exchange economy through circumstances--not 

by choice. 

It is not the intention of the foregoina to 

suggest that the traditionalist type of farmer 

never sells anything off his farm. On the con

trary, he must often sell some part of his crop 

in order to purchase necessities which he cannot 
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produce himself. Only very primitive and poor 

people. with almost no contact with the outside 

world. are absolutely self-sufficient. 

Generally. however. the subsistence farmer 

lives outside the lDODey economy of the nation. 

He requires little from it and produces little 

for it. He does not plan carefully or consciously 

for the market. He may have little desire' to in

crease his output. or he may not actively seek to 

obtain maxillum income. Once a level of living is 

attained which he considers desirable. the farmer 

may have little further inclination to increase 

production. One analyst claiDB that the introduc

tion of a high-yield variety of seeds which would 

double the size of a crop will be readily accepted 

by some farmers only because they will then assume 

that they need to cultivate only half their normal 

land area.26 Of course. this attitude does not 

apply to all farmers. It should be kept in mind. 

however. that successful agricultural development 

implies an exchange economy in which there is a 

substantial output and market demand for farm 

products. By contrast. many traditional farmers 

are motivated by non-economic factors in making 

decisions regarding production. It appears. 

though, that once subsistence farmers accept a 

commercial way of life they seldom change back to 

their original traditional habits and customs. 

Commercial farming involves the production 

of agricultural goods for sale. Almost all of 

the necessary inputs (food, fuel. eqUipment, fer

tilizer) are purchased, and the variety of crops 

is s1l&1ler than on the subsistence farm. The 

products of this modern. rather than traditional, 

type of agri~ulture enter into world trade channels. 

In many cases. the size of the land area involved 

does not seem proportiona,1 to the impact which 

these commercial farmers have on the economy. 

There are various degrees of this type of farming. 

ranging from partial subsistence on the one hand 

to completely commercial orientation on the other. 

II .... G. Dalry.ple. SII7WfI DI MAl.tipZ. ~ in lA •• 
DewZopfld IlatWM ewaebiDatOD, D.C.: U.S. Gove~t PriDtiDI 
Office, 1971), p. 57. 

Thus. many small. part-subsistence farmers in some 

countries are turning more and more to growing 

plantation types of crops. One economist suggests 

that the dividing point between the two types of 

farms is a production of about 300 to 400 kilograms 

per person per year of grain equivalents. 27 Above 

this amount. the farmer will increasingly become 

commercially oriented. 

Within this framework, one analyst makes an 

interesting observation concerning differences in 

commercial agriculture. In North America, he main

tains. farms are often referred to as "profitable"; 

whereas in Europe. there is more of a tendency to 

think of them as "productive. ,,28 This may be 

partly due to the greater emphasis and desire for 

economic independence in Europe. Thia focus on 

economic self-sufficiency with respect to food 

production generally is accompanied by a substan

tial support of agricultural operations by the 

government. 

There is no precise. sharply defined boundary 

between subsistence and commercial agriculture; 

rather there are stages in which one type or the 

other predominates. Although there are compara

tively few subsistence farms which are completely 

self-sufficient, a higher percentage of commercial 

operations concentrate solely on sales. 

S.12 Intensive and exteDSive.--Inte~ive 

farming normally requires a considerable input of 

labor. and the yields per hectare are high. On 

the other hand. extensive farming does not involve 

as much labor per productive unit, and yields per 

worker may be high. Intensive agriculture often 

is associated with small plots. irrigation, high

carrying capacity. or humid climates. It is not 

the size of the holding that normally induces in

tensive agrieu1ture p~actice, but the existence 

of a good market or population pressure. 

Extensive operations are more commonly linked 

to large holdinlB, semi-arid climates, lack of 

2 'CoUll Clerk. PopuZcztion Gzowth and Land Uee (JIev York: 
MacaUl8D Co., 1967), pp. 139-140. 

2 I ... o.-mt. 2'ffpe8 Df RllNt BoontlIIW (LODdOD: Jletbua ad Co., 
Ltd., 19~), p. no. 
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land pressure. labor shortages. and mechanization. 

It might be contended that extensive farming is 

capital-oriented and intensive farming is labor

oriented. The line of separation between the two. 

however. is not always clear. For example. paddy 

rice production in the Philippines and dairying 

in the Megalopolis in the United States can both 

be considered intensive forms of farming; one is 

labor-intensive and the other is capital-intensive. 

5.2 Size of holdings 

As a general rule. the average size of hold

ings in developed countries has tended to become 

larger. so that certain economies of scale are 

achieved. Nevertheless. it need not be assumed 

that small holdings are bad. Certainly the mini

fundia. or very small plots of land. are wasteful 

of time and effort and are almost impossible to 

irrigate or dry-farm successfully. Yet small 

farms can often be efficient if their location 

and the physical endowments are favorable. This 

is particularly true if markets are good and crops 

are raised which require a considerable amount of 

labor per hectare. Irrigated land also can be 

divided into s .. ll efficiently run plots. In Main

land China it was commonly the case before the 

Civil War that a farmer could make a living on 

less than five hectares of good land. but would 

starve on 50 hectares of marginal land. Size then 

is not the sole determinant in evaluating. success 

in farming. 

Latifundia. or large, under-used holdings, 

are usually the source of strong public feeling. 

In Latin America. for example. the average lati

fundia is 400 times as large as the minifundia, 

yet it does not employ a proportionate number of 

workers. These holdings should not be confused 

with estates which must be large because the 

carrying capacity per animal is low. Often laws 

and administrative efforts are made to force lati

fundia owners to use their land more intensively. 

Such efforts generally lead to increased produc

tion and employment. Nevertheless, in .. ny cases. 

the owners have no desire to spend much time. 

effort. and capital on the holding; they may-own 

the land for social rather than economic reasons. 

or they may be using it solely as a protection in 

case of economic inflation. In any event. such 

owners attempt to evade the laws which would force 

them to use the land 1IDre intensiv&ly. 

A major problem of agriculture in relation 

to size is fragmentation. For example. a 2- to 

3-hectare holding in Asia may have up to 20 sepa

rate strips. located at considerable distances 

from each other; a major portion of the day .. y 

be spent simply traveling to each plot. This can 

be particularly disadvantageouS during periods of 

peak labor activity. The average holding in India 

is under 2 hectares and consists-of 5 to 10 plots. 

some of which may be as small as 1/400 of a hec

tare. Many areas of the world suffer from this 

problem. Attempts at consolidation have been 

made. notably in India. with mixed success. On 

the whole. farmers are reluctant to trade their 

plots for others which they commonly consider to 

be inferior in quality. 

5.3 Tenure of holdings 

Ownership of the land is ususlly regarded as 

a favorable practice. since it is presumed that 

farmers will work harder on land which they own; 

tenants and share-croppers are not likely to be 

as interested. Whereas this statement may be 

true in many cases. it ignores the fact that the 

conditions of the tenure. rather than tenure it

self. are undesirable: For example. a very success

ful form of tenancy has been associated wi~h the 

prosperous United States Corn Belt for some time. 

Farm land in that area is of high quality and often 

is too expensive to purchase; therefore. much of 

it must be rented. The terms of the agreement 

are such that the tenant has an intert!st iJl main

taining and improving the farmstead. In the United 

States. it may be noted that there are a sizable 

number of tenants and part owners among the most 

prosperous farm grouping. as shown in figure 3-1. 

Similar conditions may be found in parts of Great 

Britain and in other countries. 

It must be admitted that tenancy. either 

through -renting or sharecropping. is usually asso

ciated with poor farm practices in 1IDst agricul

tural areas. In places where land pressure prevails. 
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Figure 3-1. TENURE CHARAf!TEl!ISTICS BY ECONOMIC CLASS OF FARM 
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Latin America. The Indian ejido of 

Mexico and Ecuador. the Israeli kib

butz. and the Tanzanian ujamaa are 

all forms of communal operation of 

land. Each has its own distinctive 

features. 
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Large-scale collective or state 

farms are commonplace in Communist 

countries. They seem to have met 

with indifferent success, given the 

fact that the output from the small 

private plots owned by the workers 

on the collectives contributes far 

more than its proportionate share of 

total production. As one observer 

puts it, "Undoubtedly the single most 

$4,999 $9,999 $19,999 $39,999 OR MORE 
ANNUAL GROSS RECEIPTS OF· FARM MARKETINGS 

U. S. DE'ARTMENT OF AGRICULTURE NEG. ERs_n nOI ECOM*/C RESEARCH SERVICE 

SOW'CII: 1969 C_ of AgzoiauZtzaoe. 

landless peasants compete to obtain a farm plot. 

To be without land is often to risk starvation. 

Since tenants may be evicted the next year. and 

since there are few incentives for them to develop 

the holding. they make little atta.pt to maintain 

soil quality, prevent erosion, repair farm build

ings and equipment, or otherwise invest in the 

land they farm. The tenancy agreement .. y be such 

that the renter or sharecropper profits less from 

an increase in farm prices than does the owner. 

Also" it may contain terms which keep the worker 

in constant debt to the owner, even if the worker 

is allowed to remain on the land for an extended 

period of time. Often the landlord may receive 

a large share of the harvest, but will not pay 

for any new inputs to raise productivity. Many 

countries have attempted to adopt reforms which 

provide for security of tenure. regulate and re

duce rents, and furnish tenants with the means by 

which they can become owners of the holding. How

ever, such reforms are not always successfully 

implemented. Nevertheless, land reforms in such 

countries as Taiwan, Egypt, and India have In

creased the number of farm owner-operators. 

Ownership of land in peasant societies is 

higbly prized. One form of ownership in certain 

cultures is cOlllllunal in nature. It is found in 

South and Southeast Asia, sub-Saharan Africa, and 

important factor responsible for low 

yields ••• is the system of state and collective 

farms. ,,29 It is estimated that private plots in 

the People's Republic of China cover 5 percent of 

the cul~ivated land but produce 20 percent of the 

food. 30 Some socialist regimes, such as Poland 

and Yugoslavia, have been somewhat more practical 

in putting their ideology to practice, at least 

as far as collectives are concerned. 

5.4 Crops and animals 

Crop and animal choices are based on economic, 

social, and political factors as well as on physi

cal conditions. The latter are easy to visualize. 

Potatoes do well in an acid soil whereas many 

other plants do not. Vineyards are often found 

on slopes so as to avoid frost damage. Higb-grade 

tobacco requires a certain type of soil not found 

everywhere. Cotton muat have a 200-day growing 

season and a dry period before harvesting. Sisal 

does well under semi-arid to arid conditions, 

whereas water requirements for rice are fairly 

high. Cane sugar requires a frost-free climate, 

but beet sugar is not so demanding. Few plants 

are able to exist under highly varied nstural 

conditions. 

2 'Le.ter •• Brow. IMNaBirtg IIorl.d Food Outpwt (wa.b1qtOD. 
D.C.: U.S. Gove~t PriDt1q Office. 1965). p. 66. 

10M ••• Lar... "ChiDa'. Aaricu1ture UDder ec-uu_." iD 
U.S. coaar •••• JoiDt Iconom.c ec-1ttee, An BoC1llDllli.c 'Profile 
of Nainlarld China (Va.hiDltOD, D.C.: U.S. Gove~t PriDt1q 
Offlce. 1967). p. 1260. . 
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Given such physical constraints, the possible 

choices of types of cultivation still .. y be num

erous. Thus, a prime agricultural area such as 

the United States Corn Belt could be cultivated 

to many kinds of crops and combinations. Its cur

rent use, in which a meat product is the end re

sult of the agricultural cycle, reflects the de

sires, tastes, and income levels of the American 

public. Many types of agriculture depend upon 

such cultural (non-physical) variables as markets, 

accessibility, profit incentives, farmer skills 

and attitudes, availability of inputs, support 

services, and government policies. 

In some parts of the world, rice is grown in 

areas which, in terms of physical characteristics, 

could be cultivated to some other croPi however, 

rice is the crop that is grown because of its high 

caloric content per hectare. As one observer puts 

it, "Rice is thus the cereal which allows the 

greatest number of people not to starve on the 

smallest possible space ... 31 

In areas with land pressure, there is some 

competition between food and feed crops and be

tween food and industrial crops such as oils or 

fibers. In Java, cotton could be cultivated but 

the general preference seems to be to grow rice 

and to import the fiberi by contrast, Egypt grows 

cotton in areas where food crops might be raised. 

Nevertheless, despite the importance of industrial 

crops, which is out of proportion to the number of 

hectares devoted to them, edible crops occupy far 

more farm area. As shown in figure 3-2, the amount 

of land devoted to industrial crops, such as fibers 

and rubber, is comparatively small for the world 

as a whole. 

As with crops, the choice of animals depends 

on a number of factors. Animals can be bred for 

meat, milk, hides, wool, or for draft purposes. In 

many developing countries, they are multi-purposei 

in such cases, the animals are often hardy native 

types but are not particularly efficient producers 

of animal products or pow~r. 

.\ J. Beauj.u-Garuier. a.pgraphll of Population (Rev Ibrlt: 
St. MartiJJ'. Pr •••• 1966). p. 55. 

Figu'1'8 3-2. WORLD HARVESTED AREA OF PRINCIPAL 
CROPS 

(E:z:cluding fO'l'age and fodder al'Ops) 
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Sotrr'04I: Nan. Land. and Food. U.S. ~t of Agl'i.cu.ZtJDotI. 
F01'fIign Agl'i.cu.zturat Econotrtic It.pan No. 11. NOIJfIIfIlHno 1963. 

Unmixed. imported, high-quality breeds must 

often be replaced in some areas with the passage 

of time. Dairy animals, for example, often do 

not retain high-yield qualities in the tropics 

after the second or third generation. Increas

ingly, then, attempts are made to cross-breed 

high-yield stock with native breeds which are 

acclimated to local conditions. Temperatures 

also have an effect on animal production (see 

figure 3-3). 

Figure 3-3. INFLUENCE OF ENVIRONMENTAL TEMPERATURE 
ON PRODUCTION OF PIGS~ COWS~ AND HENS 
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SOW'Ctl: POWI' to Pl'oduDtl. u.s. lJtlpartIrwnt of Agl'i.cu.ZtJDotI 
Yearbook. 1960. 

In some cases, animals are kept for religious 

or prestige purposes and are closely related to 

the culture of the area. Such animals are not 

particularly productive, although they may be by 
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Figuzoe 3-4. NUMBER OF DAYS OF PROTEIN REQUIREMENT PRODUCED BY ONE 
HECTARE~ YIELDING SELECTED FOOD PRODUCT 

animals are found in the devel-

oping countries; yet developing 
(Requi~ts ofa mOa9Pately active man) 

No. Glday. 

5500 ~--------------------------------------------- 5500 
nations produce less than a 
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to animal disease alone were 

cut in half, protein production 

would be increased by roughly 

2S percent.3~ Meat, e88B, and 

ailk are highly perishable 

commodities, however, and they 

often require complex process

ing, marketing, and distribution 

systems. Technological tmprove

menta in production, therefore~ 

must be considered within the 

context of social, econOlllic, 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 o 
and political considerations. 

Purthermre, disease and para

site control itself probably ~: Pft1II/ "-. L.B. IIBO/PAB/U1IICIflI PI'oUi>! AtbIUIDl'fI Group ,,_ BuZZ-tin "0. I: ao-Il. 
ApP£Z 1966. 

no means useless. Por example, it is estimated 

that the heat produced by burning cow dung in 

Indis is equivalent to 3S aillion tons of coal. 32 

One observer has sU88ested that attempts 

should be .. de to breed disease-resistant wild 

animals which can graze on fairly poor land and 

which can yield more meat than many domesticated 

species can produce. 33 In this case, some typea 

of African antelopes and large South American 

rodents are mentioned. 

There are more than 6 billion farm animals in 

the world, about half of which are poultry. Ap

proximately 60 percent of the world's non-poultry 

12 •••• Ibrlich aad A.B. Ihrlich. Popu14tio1'1. R •• OIIZ'Oa. ~t 
(Sen had.co. CalUomial W.B. h_ "Co •• 1970), p. 88. 

I'lleu B. LaDd.bera. "POpulatioD Cnwth aad the 'oteat1al of 
Tecllllo10aY, n iA IIozoZd Popul4tiofa-2'1Ie Vial AJrMMl. ad. by I.R. ramer, 
J.D. Loaa, aad G.J. StolDits (1I1~toIl, lDdiaDal lDdiaDa Ulliver
.ity h •••• 1968), p. 181. 

indicates the existence of an 

adequate transportation system, skilled personnel, 

and good range and forage management. 

Animal products are more expensive than vege

table products. This is because animal products 

require more time to .. ture and1because animals 

are inefficient converters of caloric energy. 

Additionally, only a small proportion of the feed 

consumed by animals is usable for human consump

tion. Thus, approximately 8 kilos of alfalfa or 

7 kilos of grain are required to produce 1 kilo 

of beef. Expressed in another way, one-tenth of 

a hectare of sugar beeta or almost four-tenths of 

a hectare of wheat can produce the same number of 

calories as 4 hectares of feed crops and pasture. 

"Preeideat'. Seiae. Mvieory ec-itt... 2'1Ie liarZd Food Probu.r 
(Vub1A&toIl. D.C.: u.s. Gove~t PriAtiDa Office, 1967), Vol. I, 
pp. 90-91. 
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A country with a land pressure problem may suffer 

from this type of production. which could take 

many times the amount of land to feed a meat eater 

as opposed to a vegetarian. 

Figure 3-4 (shown on the previous page) is 

an illustration of 1-hectare yields of selected 

vegetable and meat products in terms of their 

protein values. At one extreme. 1 hectare of 

soybean production will provide one man with his 

daily protein requir,.ent for more than 15 years 

(5500 days); at the other extreme. that same 

amount of land devoted to feed cattle will pro

duce only a half-year (190 days) supply of the 

protein needed by that same man. 

Some techniques can be developed Which can 

satisfy the needs of both meat eaters and vege

tarians. For example. certain livestock could 

be kept which would consume vegetable wastes or 

by-products. thus cutting down on the amount of 

land needed to support them. The new method of 

feeding urea directly to animals. rather than 

using it as a nitrogen fertilizer. may also cut 

down on the inputs of land needed to feed animals. 

As noted. vegetable output per unit of land 

can be relatively high. For example. one-tenth 

of a hectare in 19th Century Ireland could supply 

over 6 kilos of potatoes per day to meet the needs 

of a family of six. Some food crops are naturally 

more effective calorie producers than others; thus. 

grain output from rice is normally 2 to 2 1/2 times 

that of wheat. Accordingly. a growing population 

in a land-short country probably would concentrate 

on high-yield crops. such as rice or sweet pota

toes. and convert pasture to arable land if possible. 

5.5 Fertilizer 

Increases in yields throughout the world are 

linked closely to the degree of use of fertilizer; 

on the other hand, production seldom can be main

tained or raised without fertilizer in some form. 

One administrator in the Department of Agriculture 

points out that output per hectare in the United 

States has increased 50 percent since 1940 and 

that almost half of this amount can be accQunted 

for by increased application of ferti1izer.'s 

Figure 3-5 shows the relationship between 

yields and use of fertilizer. It should be pointed 

out. however. that the use of fertilizer is only 

an indicator of a combination of materials and 

techniques. since the use of more fertilizer is 

usually accompanied by the use of better seed. 

more pesticides. and other improvements. 

Figu:zte 3-5. YIELD-VALUE INDEX VERSUS FERTILIZER qSE: 1961/63 
Currently. world production and 

consumption approximate each other. 
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As might be expected. the developed 

nations use considerably more fer

tilizer. For example. as of 1972. 

the developed nations consumed almost 

twice as much nitrogen. over three 

times as much phosphate. and over six 

times as much potash as the develop

ing nations. It is encouraging to 

note. however. that recent consumption 

patterns in developing countries show 

an increase of about 10 percent per 

year. Nevertheless. there are major 

problems of production. financing. 

training of farmers. and distribution. 

Some countries must import all of 

I 5 Quentin M. W •• t. World Food Neea. (WUh1DatOD, 
D.C.: U.S. Govera.ent Print1Da Office, 1966), p. 7. 
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their requirements, and others do not have the 

transportation facilities needed to distribute 

the fertilizer. 

If developing countries applied as much fer

tilizer as the advanced nations, the present total 

world production of fertilizer would be inadequate. 

For example, if India were to uae as much fertil

izer per hectare as Japan. India would consume 

more than the current total world output. 36 It is 

estimated that doubling of agricultural production 

by 1985 would require almost an eightfold increase 

in fertilizer consumption (over the 1972 figures) 

for developing nations, excluding Mainland China. Y1 

However. there seems to be little possibility for 

a great increase in the use of fertilizer in the 

near future. since there are many factors working 

against it. 

Applications of fertilizer and insecticides 

cannot be made at random. Soil types. climate. 

plant needs. and timing must all be considered. 

For this reason. applied research muat be specific 

in order to be able to deal with local needs and 

problems. Farmers must be trained in terms of 

application and needs for their specific areas. 

For the most part. fertilizers and insecticides 

are more effective if they are used at the right 

time and place and in the right amounts. The 

magnitude of this job suggests that a large and 

well-trained service is needed and must be avail

able locally. 

Concentrated and increased application of 

fertilizer in the future will likely bring about 

pollution problems. Similarly. greater use of 

insecticides. fungicides. and herbicides will add 

to the pollution. and this increase may be sub

stantial. In order to double food production in 

the developing world. it is estimated that a six

fold increase of herbicide use is needed. 38 

Finally. the use of fertilizers. insecticides. 

etc •• may also affect labor demand. For example. 

1I00000r Myrclal. A.ian DI'DIII4 (Barwmd_rth, IUddle_, IIIIlaad: 
Pequ:ba Ioob, 1968), p. 1289. " 

J7Pr •• ident'. Seiue. AidYieory ec-itt.e. 29IB Iiorki Food Probl.elll 
(Ma.hiDItoD, D.C.: U.S. Govera.eDt Pr:batiDI Office, 1967), Vol. I, 
p. 86. 

" Ibid, Vol. I, p. 86. 

herbicides can cut labor needs for w~eding if they 

are uaed effectively. This may be helpful if major 

weeding chores occur during times of peak demand 

for labor. 

5.6 Mechanization 

Two opposing views often are taken regarding 

the desirability and impact of mechanization of 

agriculture in developing countries. On the one 

hand. the Director General of the.United Nations 

Food and Agriculture Organization states that. 

"The crucial dilellllll8 may lie in the fact that the 

very measures that might raise productivity and 

economic growth most rapidly both in agriculture 

and in many industries could lead as well to a 

reduction rather than an increase in requirements 

for human labor." 39 In areas of agrarian unr'es t, 

land owners have often used the possibility of 

introduction of machinery as a threat to silence 

the opposition from farm labor elements. 

On the other hand. it can also be maintained 

that mechanization, all things being equal. in

creases production and helps develop a workable 

and prosperous agricultural base. This view 

assumes that additional inputs are available, that 

the farm labor force is trained and skilled. and 

that the size of holdings can accommodate the 

machines efficiently and effectively. Also,"it 

ignores the problem of the·displaced farm popula

tion and thus focuses almost solely on an economic 

solution whose goal is to increase production and 

income for those involved in the work. Persons 

holding this point of view believe that little 

can be done for the poor farmer and laborer and 

that. if the nation becomes prosperous. it could 

then provide some financial assistance for theae 

people. Such a proposal neglects the social and 

political dimensions of the problem. and is there

fore not always realistic. 

Accelerated movement of unemployed persons 

to cities' migh t have unfavorable effects. India 

has considered accommodating its excess farm 

It Md_ ll. lIoaru. itA World AsTicul.tural Plen," ia Food. eel. I by 
J. lloff _ J. Jeniek (Sen Praneiaeo, Celifomu: V.B. Pr..- , 
Co., 1.913), p. 217. 
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population by developing labor-intensive small 

industries and increasing the number of public 

works projects which focus on community-level 

construction of health centers. schools. local 

roads. and irrigation works. It has also con

sidered facilitating migration of farm labor to 

different areas during periods of peak needs. 

Problems created by increased unemployment througb 

mechanization have made the Indians somewhat re

luctant at times to urge an increase in use of 

farm machinea. 

It is true that mechanization often does not 

fit well into agricultural operations in develop

ing countries. As noted. mechanization may dis

place labor and create unreat. It may be expensive 

to purchase. operate. and repair; therefore. it 

migbt be retained mainly for prestige purposes. It 

requires SOllIe skill on the part of the farmer and 

impliea acceptance and approval of its use on the 

part of tradition-bound peasants who might contend 

that machinery use would change their way of life. 

For example. a machine which grinds up the straw 

normally needed for thatching roofs would be looked 

upon with disfavor. since it appears to bring about 

new problems rather than solve old onea. 

Effectiveness of mechanization may also be 

linked to the use of fertilizer. insecticides. and 

other inputs. which may not necessarily be avail

able in the required quantities. Mechanization 

may not be used effectively in its environment; 

for example. the British Groundnut Scheme in 

Tanganyika failed in part because mechanized deep 

plowing inadvertently exposed a very poor subsoil. 

Purchase of a machine may be an investment 

that is too large for a small holding. Large hold

ings often are more effective in achieving economies 

of operation. Nevertheless. land ownership pat

terns and attitudes in regard to consolidation of 

plots may prevent establishment of holdings that 

are large enougb to accommodate machinery. 

To a degree. there are ways to handle some of 

the problems mentioned above. Japan has helped 

pioneer in the development of small-scale machines 

for use on small plots; the focus here is on in

creased output per hectare rather than per man. 

In some countries. machine cooperatives have been 

established which perform the necessary tasks for 

members of .the organization. In addition. it is 

possible to mechanize to a degree using animal 

power. This may be feasible and desirable in some 

peasant societies where complicated equipment can

not be used effectively. It can also be pointed 

out that. in some countries. the cost of a tractor 

on a per-horsepower basis may be less than that of 

an animal. ItO 

Although mechanization may create some social. 

economic. and political problems. it can be help

ful in increasing total production and yields. 

The benefits of mechanization in helping to in

crease yields are illustrated in figure 3-6. 

Fi(JU1'B 3-6. RELATIONSHIP BETWEEN YIELDS IN 
KILOGRAMS PER HECTARE AND POWER IN HORSE 
POWER PER HECTARE~ FOR MAJOR FOOD CROPS 
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(WaShiqtoD, D.C.: U.S. Gov __ t PriDtiD& Offic., 1967), Vol. II, 
p. 400. 
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Machinery can be used in places where people 

cannot do the job; for example, tractors with 

steel blades can plow deeper than oxen; special 

seeding and fertilizing equipment is more accurate 

in placement and measured quantity than is hand 

application; the tasks of land preparation, sowing, 

and harvesting are speeded up; using equipment 

which permits uniform spraying and dusting can be 

more effective than a manual process; mechanical 

secondary tillage by plowing and harrowing also 

tends to result in higher yields. Mechanization 

becomes particularly useful in taking care of the 

more precise cultivation requirements of the new 

hiBb-yield varieties of crops. 

Since timing of operations is usually very 

critical in agriculture, mechanization can be help

ful. If certain tasks can be performed quickly, 

the crop may mature before early frosts; or a new 

crop can be put in if the old one is damaged 

shortly after seeding. In India, it is estimated 

that for many crops there is a loss of one per

cent per day in yield if planting is delayed be

yond an optimum period of about two weeks; in 

Burma, long grain paddy rice yields decrease two 

percent for every day that the harvest is post

poned after the grain is ripe.~l 

As a result of time saving and a narrower 

interval between harveats, it is possible in cer

tain areas to engage in 1IIUl.tiple cropping. Thus, 

even if yields are low, total production per hec

tare may rise. Furthermore, there apparently may 

be a close correlation between total labor use and 

multiple cropping.~2 Additional crops cultivated 

each year leasen underemployment and unemployment 

and spread the available work tasks somewhat more 

equitably over the seasons. During periods of 

peak labor requirements, machines resolve problems 

of labor shortage and possible loss in yields. 

To conclude, a simple assumption should not 

be made to the effect that introduction of ma

chinery will, UDder all circumstances, displace 

• I h .. Uent '. Scienc. Advi80ry ec-itt... T1uI fIoroZd Food P'Pobl4m 
(Va.hiqtOll, D.C.: U.S. Gov_t hintiq Of tic., 1967), Vol. II, 
pp. 397-399. 

• zl)ua C. Dalr,.p1 •• Sul'rJq of .~tipr.. CPoppi.IIg in Less o.wu,p.d 
~ (Wuh1qtOll, D.C.: U.S. Gov.~t hiDtiq Offtc., 1971), 
pp. 41 .... 2. 

labor or result in social disorder. Furthermore, 

machines can often increase yields per hectare; 

this is no small matter in an increasingly food

short world. Finally, it is maintained that at 

present there is not enough total human, animal, 

and mechanical power per hectare in developing 

nations to achieve optimum needs.~3 

5. 'I Production and yields 

Agricultural production in the developing 

nations has increased in the past two decades. 

This has been a noteworthy achievement. Never

theless, rapid population growth has minimized 

these gains, so that per-capita output has lost 

or barely kept pace with previous levels in many 

countries (see figure 3-7). 

Figure 3-? FOOD PRODUCTION AND POPULATION FOR 
DEVELOPING COUNTRIES: 19S6-19?4 
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but population g,owtII ha. concelecl out the gain •• 

Serious food shortages presently are threaten

ing a'number of nations. Furthermore, since food 

stocks have not been accumulated, any fall in pro

duction can add to this list of countries. Alao, 

there is a possibility that economic progress in 

some countries may increase consumption of animal 

products. This, in turn, would create an additional 

market for feed-stuffs and thus decrease the amount 

of grain available in trade which could be consumed 

directly by humans. 

• , A4cleU B. Ioena. "A Worlel Aaricultural Plan," in Food. eel. by 
J. Hoff aa4 J. Janick (San hanciKO, Califorui8: V.B. rr_ 6 
Co., 1973), p, 223. 
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The possibilities of increasing production 

and yields are discussed later. However, it should 

be pointed out here that the ability to increase 

agricultural output cannot be considered in isola

tion; that is, it is not merely a case of using 

more fertilizer, high-yield variety seeds, or of 

obtaining water through a newly built irrigation 

system. One must also consider such factors as 

holdings and tenure, storage and handling, trans

portation, markets,. price structure, credi~, edu

cation, and government services. The Rockefeller 

Brothers Foundation which made a study of the 

Mexican food-population gap in the 1940's, at the 

request of the government, came to the same con

clusion. They recommended that all the problems 

should be attacked simultaneously. They concluded 

that it would be in error to focus solely on one 

item in the mix, whether it be technological or in

stitutional in character. 

Yields can be considered in relation to land 

area or to farm worker. Note in figure 3-8 that 

many Western European countries have fairly high 

yields, both per worker and per hectare; this is 

a result of mechanization and a fairly substantial 

set of inputs, including fertilizer and manpower. 

It has been pointed out that high yield per 

hectare implie~ an intensive type of agriculture, 

whereas a high yield per man involves a mechanized, 

extensive type or operation. The productivity of 

labor can be measured by computing yield, usually . 
by crop, per ~rking day. It is perhaps slightly 

misleading to measure increasing output per man on 

a time scale without also considering the assist

ance such a man is getting from outside sources. 

No man really feeds 75,000 chicj.tens per day; rather, 

one has to consider the contribution of the people 

who supply machinery, feed, storage, and other in

puts needed for him to feed that number~~ 

National figures on yields can be misleading. 

For example, Spain and Italy usually are named as 

the countries with the highest per hectare rice 

yields. Yet output is limited, and usually only 

the best lands suitable to rice cultivation are 

" "Georl BorIBtr_. The Food and P"opz. DiZ- (Horth Scituate, 
Massachusetts: Duxbury Pres., 1973), p. 88. 

FiguPe 3-8. GROSS AGRICULTURAL OUTPUT PER 
HECTARE OF AGRICULTURAL LAND AND PER 
ACTIVE MALE IN AGRICULTURE 
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used. If similar highly productive areas in Japan 

are compared. yields would be about the same. 

An additional point should be made regarding 

yields. High output per hectare. such as might be 

found in Western Europe for certain crops. does 

not necessarily represent an economically sound 

type of agriculture. For example. farm yields in 

West Germany are high but generally costly so that 

much of the production must be financed by the 

government in order to remain competitive. 

Finally. it is noted that recent increases in 

yields have occurred not only in rice and wheat. 

but in tea. cocoa. coconut. rubber. and oil palm 

production as well. While this is encouraging. it 

is also true that this increased capability to 

raise yields has generally involved production from 

commercial rather than subsistence agriculture. 

Although increases in yields have been pro

portionately greater in developed nations. there 

has been a modest rise in output per hectare among 

the developing nations as well. Comparisons in 

world cereal area. yield. and production for 1961 

and 1972 are as follows: 

Countries Area Yield Production 

Hectares Tons per Tons 
(millions) hectare (millions) 

1961: 

Developed ••••••• 147 2.1 314 
Developing •••••• 261 1.1 278 
Centrally 

planned •••••••• 256 1.3 332 

World total. ••• 665 1.4 924 

1972: 

Developed ••••••• 146 3.1 452 
Developing •••••• 290 1.3 367 
Centrally 
planned •••••••• 263 1.7 456 

World total ••• 698 1.8 1.275 

Souzoa.: ThII J/orld Food Situation and PfooBJNJats to 1985. U.S. 
Il8pal'tIII8nt of Agricultw:N. FoN1.gra AgricultlDlzl Eaonorric 
R~rt No. 98. DBatmrlHIr 1914. (Data tntpplUd bIf FAO.) 

5.8 Markets and trade 

The products of subsistence agriculture do 

not usually travel far. Most of the food trade 

consists of imports and exports to and from diet

adequate areas. which are generally the developed 

FiguPe 3-9. WORLD FOOD TRADE 
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SOIQ'(JB: ThII J/orld Food BwigBt. 1910. U.S. DBpal'tm/mt of 
Agriaultw:N. FOl'6ign AgriaultuzoaZ Eaonorric RBpOl't 
No. 19. October 1964. 

countries (see figure 3-9). About two-thirds of 

the grain produced in India. for example. is con

sumed locally. Markets are found in central p~aces 

or villages that furnish goods and services to meet 

the modest needs of the subsistence farmer. Quality 

of products sold in the market is based on visual 

inspection. Transportation services can be rela

tively simple. given the comparatively short dis

tances involved. Storage facilities are minimal. 

The market structur~ for commercial agricul

ture is much more complicated. It involves trans

portation. storage. processing. and distribution. 

Markets may be local. regional. national. or inter

national. Since producer and consumer may be far 

removed from each other. a.middleman function is 

required. Some form of quality identification 

has to be substituted for visual inspection; this 

may require establishment of standards. specifica

tions. grades. and labels. Governments become in

volved in the marketing process. since they must 

furnish some of the supplementary needs of the 

system. such as transportation facilities. public 

storage if necessary. market information. food 

quality regulation and protection. and marketing 

research and education. Greater emphasis probably 

should be placed on these matters than has been 

done in the past. Most agricultural development 

programs have tended to focus on production rathet 
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than marketing. This is unfortunate, since market

ing is just as critical a factor in developing a 

successful commercial agriculture as production.~5 

5.9 Storage and handling 

Storage and handling facilities are required 

to maintain an efficient marketing chain which ex

tends from the producer to the consumer (see fig

ure 3-10). For the consumer, these facilities 

provide a sustained supply; for the producer, they 

help to prevent abrupt seasonal price changes that 

are due to the inability to store products after 

the harvest. In places like Africa and the Mid

East, there is a strong seasonal character to ag

ricultural output and prices. Animals must be 

sold at a certain time of the yesr because feed 

is not available during the dry season. By con

trast, winter feed shortages in Europe are met from 

the store of feed produced in the summer. In other 

areas, farmers may be forced to sell their crops 

after harvest (even though they have the capability 

to store it for a time) because they often are un

able to obtain financial credit on the basis of 

stored products. 

Developing countries have little capacity 

for food preservation and generally are poorly 

equipped to handle and store agricultural products. 

Some countries have seriously considered the estab

lishment of a national food reserve, but this usu

ally is very costly. ~6 

Government assistance often is required to 

establish adequate storage and handling facilities 

and to integrate them into the transportation sys

tem. Such assistance does not necessarily guaran

tee an efficient operation. For example, some 

very bad weevil infestations in Africa were re

ported under the supervision of government agencies 

with poorly trained staffs.~7 Possibly community 

.sM. Aleunller. Inveetnrent PoZiciee foro Pl'ojectB in AgJ'icr..ZturoaZ 
Maroketing. (Waahia&toD. D.C.: Inter-~ricaD Development Bank. 
Paeers on Agricultural Development. No. 10. 1973). p. 1. 

'Food and Agriculture Organization. State of Food and AgncwZture. 
1968 (ao.&: 1968). p. 142. 

·'Ibid. p. 12l. 

Figure 3-10. INTEGRATION OF TRANSPORTATION WITH 
MARKETING AND PROCESSING 
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efforts to build storage facilities would be help

ful; but these require capital and trained person

nel for purposes of supervision. Again, some form 

of aovernment aid is generally required. 

To do the job adequately may require advanced 

and costly dehydration (drying), refrigeration, and 

heat sterilization techniques. The most modern 

and efficient processing establishments in devel

oping nations are often associated only with 

perishables destined for export. Lebanon, for 

example, can accommodate a1uost its entire apple 

crop with its cool storage capacity. 

Sometimes refrigeration problems can be 

avoided. For example, bottled milk can be boiled, 

rather than pasteurized, and can then be stored 

for long periods at normal temperatures (until 

the containers are opened). This is a common 

procedure in parts of Spain. 

--------~.-,~"'.:yo ------- -----
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World losses through inadequate handling and 

ctorage acc cctremely One cieCi£cte is 

t"ey /DIOccC 110 mi tEcc tons ot grain 

alone. Half of this aaount could feed 500 million 

people. Ita Reliable data, however, are hard to ob

tcin; furCCc~re, vecC CCctle recccccC has becc 

Ccce on ceeCCcctive Oc ccccitionaC 

Losses result mainly from micro-organisms, 

insects, rodents, molds, fungi, and poor handling. 

estimaccC annual 

percent; Ghana, 

loss iZE 

16 perccc 

is 

the matieC 

is lost; and in Nigeria, 4 percent of the sorghum 

is lost.lt9 Other estimates are often considerably 

C1gher. storaCc cccbably cut mos 

Pccses cOcctCccably. 

5.10 Cooperatives, credit, and services 

CoOPCieCCPc!,!. can cc£ccimes 

c1CiciencPcc cCat are cccPCable tc 

come of 

farm 

erations in matters involving mechanization, mar

keting, storage, transportation, and production. 

large urban are 

agricuI tZ.lucl holdiccc farmerc cttract 

these markets if they organize as a cooperative, 

as has been done in Ghana, Thailand, and the 

Cudan. DPCPPcclties ccise duc lack 01 

cccital, cccPcPng, anC cCCCls, or of tCc 

common desire of many peasants to retain their 

freedom of action and individualism. 

craditicc 

lcce level 

coopercciuc assistaccc 

effecttucPc counter 

Nevertheless, 

the vi 

attituCc 

and still give the small farmer an opportunity to 

have his voice heard. Cooperation of this kind 

lead ielc£llunity dccclziepment C£ECCams whiclz 

formulcEcC and diuucccC at the rootie u 

level. 

An example of how effective a cooperative can 

be, uccuured abcuE years uCen somu Cucuch 

CanaCPee dairy finanucC study 

English cheese market. After determining the 

habits, acceptable price ranges for products, and 

OIElIlIzlIzlIznt's Sc:ienrlI lICzIaOry eo-iZZIIII. The "'orId Pfoob1.em 
(WalIhdzlIZIr, D.C.: U.7. hIIzI.......,t PrZrzrZrE Office, Ed. II, 
p. I54. 

"Food and Agriculture Organization. State of Food and AgricuZture. 
1968 (Ro.e: 1968), pp. 118-119. 

desires of the English housewife, the cooperative 

croducUlilI certaPu lIPueSeS 

cuali-

tative controls were established, and the French 

Canadians eventually were able to take part of the 

trcCc lIuay frou efficililIh clioducerie 4he 

Darlcr 

Credit is an important key to agricultural 

development. Since loans of capital on easy terms 

arc always to 

can ClIcviding 

Individual farmers are otherwise often at the 

mercy of landlords or shopkeeper money lenders; 

thct"I tllterest due tlI high rtfIC fICar-

the lfIlIlI eey be Vcrc Ctgh. Pc banks 

may be of limited help, since the small farmer 

usually has little property to offer as insurance 

thch can recfIr loan. crrcrdinglc CClIsants 

the of 

operations of the commercial banking system, and 

their poverty continues and extends tA the next 

gelIfIrccton. GoccfIcccnt agclIctcfI often 

crcdi but usccttd timit ir cpecifisz ccPcrm 

or development programs, thereby not making it 

available to all farmers. 

(benefEie dcom a 

incllIdil rde cost loan. 

pIe, the cost of administering a $5,000 loan to a 

cooperative generally is about the same as for a 

$5c to an tlIdtlItdual. 5I dccdit sefIlIichIfI of 

resulc durchasfI cduip-

ment 

thus 

and inputs (such as fertilizer) at bulk rates, 

providing the individual farmer with goods 

at which uurmally not 

dicclly, ic dtiefIussing ccctctance CCfImers, 

mention should be made of an extension service. 

It is estimated that the developing nations require 

fIdout 400 

cuploymenc 

crained cpctfIulturaC cdccialists 

cuch agccd would 

resent a ratio of only one expert per 2,000 farm 

people. 51 By way of contrast, India and Thailand 

'°Robert d' "A RuZIII dzi,loyment StrssZl'lr for South 
"=lIrica," FlII'l,lI ,Czs,ch 1973), p. 

SJTadd Fisher. "The Many-Faceted Food Prob1 .. ," Pqpu.14tion 
BwtZetin (Deceaber 1968), p. 94. 
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currently have an average of one agronomist per 

33,000 farmers. The picture is not as discourag

ing as it might seem, particularly when one can 

point to the Mexican experience; that country has 

managed to train a sizable number of agronomists 

in a fairly short period of time. 

Although it might be possible to spread some 

information by way of the transistor radio, that 

type of communications medium has its limitations. 

For example, a peasant might try a new farm tech

nique he heard about on his radio and not be suc

cessful. Ideally, he should then be able to ob

tain expert aid through the extension service to 

examine the technique carefully and correct the 

failure. Without this personal assistance, he 

would probably conclude that the new technique 

is inefficient, useless, or even harmful. 

Private enterprise can and should be used to 

supplement the work of the extension service. 

Universities and research agencies might be used 

more effectively in this regard. Basically, how

ever, the establishment of a well-funded, well

trained, and active extension service is essential 

for proper agricultural development. Some opposi

tion may be expected from peasants. At the turn 

of the century in the United Statea, many farmers 

would have resisted the advice of an agronomist 

who was foreign to the immediate area and who pos

sibly had never seen the farm on which he was 

passing judgment and giving advice. Many peasant 

societiea resist change and would not accept ad

vice readily, but experimental plots and demonstra

tions often help. For an advanced, commercial 

agriculture, extension service assistance is essen

tial, at least in part because the fruits of re

search and development are transmitted through it 

to the individual farmer. 

5.11 Transportation 

Transportation can play a significant role in 

determining agricultural land use. Desirable physi

cal qualities normally will not be enough to off

set poor location of a holding. Accordingly, 1and

use patterns develop on the basis of both site and 

situation. Site often refers to the physical 

impact of the immediate surroundings on a place; 

situation refers to the influence of conditions 

often far removed.from the immediate location. 

Site is sometimes compared to one's houae and 

situation refers to the neighborhood in which one 

lives. 

The influence of situation can be demonstrated 

by a simple model developed by J .H. von Thunen, a 

19th Century German economist. The assumptions 

for this early model are a homogeneous physical 

environment, a commercially-oriented agriculture, 

only one type of transportation (with its costs 

proportionate to distance), and ~ market and 

producing area solely dependent upon each other. 

The model suggests that belts of agricultural land 

uae would develop around the market or village. 

Farmers close to it would have a wide rang~ of 

FigUl'e 3-11. ESSENTIAL ELEMENTS OF A TRANSPORTATION 
SYSTEM TO SERVICE AGRICULTURE 
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Figup6 3-12. BRAZIL'S EXPORT CORRIDORS 
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It is unnecessary to emphasize that a 

prosperous commercial agriculture requires 

spod transportation facilities. Vehicles 

and a road network are essential to supply 

the various inputs needed for high agricul

tural productivity and good quality and to 

carry goods to market efficiently and at 

low cost. This 'involves a fairly extensive 

network of low-capacity routes for each 

agricultural area which, in turn, is con

nected by high-capacity routes to larger 

collection and distributio~centers (see 

figure 3-11). 

It is desirable not to neglect the 

development of the secondary and tertiary 

networks, as is often done, in favor of the 

major routeways; neglect will only retard 

the commercial development of agricu1tara1 

areas . How can fertilizer and insecticide, 

for example, be brought into an area in 

sufficient amounts and on time without an 

adequate road network? How can products, 

possibly perishable, be brought to market 

quickly without a satisfactory road network? 

There is little point in urging a subsistence 

Sau:I'Ce: Foreign AgricultwoB. U.S. DepartnHmt of AgricultwoB. October 8. 1973. 
fa~er to use more fertilizer or grow more 

crops for market if he is located in an 

area which is difficult to reach. Figure 
products to grow for sale, whereas those farther 

out would have fewer choices. Those closer in 

probably would concentrate on perishable goods, 

such as fluid milk, fruits, and vegetables; while 

the farmers farther away would tend to grow grains 

under increasingly less intensive methods. The 

outermost ring would be used for grazing. 

Although the model deals with an agricultural 

economy of the past and with only one cultural and 

political area (Germany), its value lies in its 

contribution of the idea that agricultural land 

use can be conditioned as a result of location as 

well as physical and cultural factors. As noted, 

the existence of bands of market gardens around 

many cities, despite differing conditions, would 

seem to support this idea. 

3-12 illustrates what tne Brazilian government is 

doing to establish well-developed transportation 

routeways from centers of agricultural production 

to the market areas and ports. 

Where farmers have ready access to major com

mercial routeways, the results often are favo.rab1e. 

Thus, when a program of road expansion was insti

tuted in Mexico, the commercial production in areas 

served by the new or improved roads increased sub

stantially. Generally speaking, agricultural areas 

in developing countries are poorly served by roads . 

For example, only 11 percent of all of India's 

580,000 villages have reasonable access to some 

form of modern transportation. Similarly, it is 

estimated that motor vehicles in the People's Re

public of China can reach only about half of the 
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production brigades (sett1ements).52 One can grasp 

the greaE: 

if the 

of the transporrrrir~z prrb1em 

Popub1ic of ChinJ51 ihJ51t it 

wanted tJ51 J51J51ZZ,z,J51J51riJ51hize all of iiJ51 

For many the alternat1.uu 

only upon farm areas on deltas, river plains, and 

along some coasts, where transportation is easier. 
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to raise prices by limiting output. Nevertheless, 

they are a kind of device to which the developing 

nations may turn increasingly, if it is felt that 

the produers, as in petroleum, can control the 

market. It is not always clear, however, whether 

such attempts will succeed. '!bere see. to be 

little evidence in the past to indicate they could 

succeed. 

5.13 Attitudes 

Attitudes in regard to production and con

sumption vary. Pessant socieites, with differing 

value systems, may not equate high yields aRd out

put with their social and economic goals." It has 

been noted that many--although certainly not all-

farmers will not grow more food than they feel 

they need. Moreover, some tradirional farmers may 

view new ideas with suspicion. Thus, if peasants 

do not trust the authorities, they will not essily 

believe that the yields on their own land will 

match those of demonstration plots. (In the United 

States, for example, it took almost two decades 

for farmers to accept hybrid seed corn.) Yet it 

is true that new high-yield varieties of rice and 

wheat have been introduced successfully. Probably, 

part of the answer lies in the attempts to take 

local customa and conditions into consideration in 

introducing new farming techniques. Very often, 

the acceptance of new methods requires a basic 

changli! in a way of life. It is for this reason 

that many nomad people have resisted change to 

agriculture in a settled community. 

Consumption habits also vary widely and may 

be difficult to change. '!bis too can have a direct 

effect on production. Musl!. do not eat pork and 

Hindus do not eat beef. Chinese and certain East 

Africans do not like to drink milk. Intake of 

other foods may be forbidden or restricted during 

certain periods of the year. Again, production 

is directly influenced and conditioned by such 

customs. Nevertheless, some habits and beliefs 

are subject to change. People who prefer rice as 

a dietary staple have been persuaded to accept 

wheat as a supplement. However, this takes a 

carefully planned program of consumer education 

and time. Incaparina, a high-protein food supple

ment, has been marketed in Latin America without 

notable success, although the sales program has 

been clever and appealing. It is not easy to 

change lifetime habits quickly. 

In dealing with attitudes, one final point 

should be made in regard to the image of agricul

ture. There is often a tendency for students to 

reject agricultural education because farming is 

conaidered a lowly occupation and an undesirable 

way of life. Despite this, more (rather than 

less) talent is needed in agriculture, in order 

to help close the population-food gap. It should 

come as no surprise that many farm people them

selves hold similar views regarding the low status 

of agriculture; this helps to act as a stimulus 

for migration to the urban slums. 

6. INDUSTRIAL LOCATION FACTORS 

Industry occupies little s~ace and is not 

spread evenly over the landscape. Generally it is 

located in and around urban centers of varying 

sizes, either in the central city or suburbs or 

in satellite towna or other plsces within the 

city region. Exceptions to this rule are few. 

Certain industries may be found close to a source 

of minerals or associated with a perishable product. 

For example, processing of copper ore, which is'" 

often of low grade, would not be profitable if 

the raw material were moved a great distance; this 

would account for the location of the Chuquicamata 

copper operations in Chile. Similarly, sugar re

fineries are located nesr the producing fields, 

since the harvested product loses its sugar content 

quickly~ In spite of the advantages of nearness 

to the source, industrial establishments are gen

erally clustered together in close association 

with urban regions. 

Industrial location factors should help ex

plain the clustering pattern. Some of these fac

tors have greater application than others, depend

ing on the industry. Usually it is a combination 

of features which influences the location pattern. 

A number of these are briefly described below. 
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(1) Certain industries are raw-material 
oriented. Nevertheless, there appears 
to be a trend away from this conditioner 
of location. particularly in modern in~ 
dustry. Hong Kong and Japan can serve 
as examples of places with industrial 
centers which are poorly located in re
lation to proximity to many raw materials. 

(2) Some industries are market-oriented. 
particularly those that deal with per
ishable goods. high-style products. and 
goods which gain in bulk in the manufac
turing process. This would apply to 
fluid milk. but not to hard cheese. ~t 
also would help explain the location of 
beer and soft drink factories and auto 
assembly plants. 

(3) The physical factor may have some sig
nificance. Areas with a high percentage 
of slope would turn industry away; areas 
with favorable climates. by contrast, 
might tend to attract industry. 

(4) Transportation and accessibility can be 
very influential; certain mountainous 
areas and basins tend to be isolated 
and therefore harder and costlier to 
develop. 

(5) An area that has a history of industrial 
activities often retains some of its indus
~rial mix. even though new regions arise 
to compete with it. 

(6) Clustering of industry itself can be im
portant. For example. the Italian govern
ment has not been very successful in mov
ing industry from the northern manufac
turing regions to the poor agricultural 
south. Industries that are alike tend 
to cluster, since they can achieve external 
economies of scale by means of cheaper per 
unit transportation costs for raw materials 
and for finished products. Furthermore. cer
tain industries can serve a number of others 
that are engaged in related manufacturing 
processes; also, women can be employed in 
light industry located near heavy industry 
operations. 

(7) The political factor may be significant. 
Industrial development agenties can help 
bring manufacturers into an area by 
offering such incentives as tax benefits. 
training of personnel at government ex
pense, or provision for low-cost utilities. 
Government inter~ention also can serve to 
scatter industry, to a small degree. For 
example. the pricing of energy so that the 
costs are artificially declared to be the 
same throughout an electrical grid network 
would scatter large.power users rather than 
cluster them near the site of a dam. 

(8) Availability of energy and energy costs 
may be very significant. particularly 
for some industries. 

(9) The labor force factor can be very in
fluential in some cases. Generally. 
modern industry requires skilled per
sonnel. Some highly automated estab
lishments, such as those producing tex
tiles. also can employ semi-skilled per
sonnel; however. the number of semi
skilled employees is usually not large. 
Certain industries actually may locate 
close to skilled labor. rather than vice 
versa. This is true in computer manu
facturing. for example. 

(10) All other things being equal. comforts 
and conveniences may become important. 
In other words. some attention would be 
paid to housing. and to educational. 
recrestional. political. and cultural 
considerations. 

(11) Finally. a large corporate structure 
may permit a certain freedom in terms 
of location of individual plants. 

In view of the foregoing considerations. it 

would appear as though the ability to bring modern 

industry into rural areas is limited. For the 

most part. it would be limited to city regions and. 

to a small degree. to some fairly isolated urban 

centers. 

A number of countries have attempted to 

scatter industrial operations into the countryside. 

The People's Republic of China. for example. has 

encouraged small-scale operations because it is 

trying to establish some degree of regional eco

nomic independence. This policy is partly moti

vated by the poor transportation system which 

exists in most areas. The program has not been 

particularly successful. Establishment of labor 

intensive handicraft and cottage industries in 

developing countries has also met with little 

success. 5 .. 

Some individuals and agencies are urging that 

a modest attempt at rural industrialization should 

take place. even though earlier efforts have not 

been too rewarding. The Inter-American Development 

"President's Science Advhory eo-ittee. 7'hB World Food Probltllfl 
CW •• hiaaton, D.C.: U.S. Govern.ent Print1aa Office. 1967), Vol. II, 
p. 182. 
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FiguPe 3-13. FUNDING OF AGRICULTURAL PROJECTS BY MULTILATERAL 
ASSISTANCE ORGANIZATIONS 

example, the Venez~elan govern

ment in a comparatively short 

time settled 165,000 new farm 

families, distributed 4.5 million 

hectares of land, irrigated 

60,000 hectares, built 10,000 

kilometers of new roads, improved 

18,000 kilometers of old roads, 
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Source: FONign AgMcuZture. u.s_ OBpa1'tJwrIt of AgMcuZtwv. OctcbBl' 28. 1974_ productive crops from domestic 

sources, encouraged farm mechani

Bank has shown some interest in supporting such 

undertakings. Two points should be made regard-

ing such industrialization: (a) as has been 

a.phasized earlier, only certain areas possess 

favorable location factors, and (b) a substantial 

input is needed in the way of credit availability, 

provision for utilities, .. rket studies, managerial 

and e~loyer training, develo~nt of transportation 

facilities, and the like. With such assistance, 

the probability of success is increased. 

7. AGRICULTURAL DEVELOPMENT 
PROGRAMS 

Agricultural development can take various 

forms. It may involve an organized and systematic 

effort on the part of government or international 

agencies (see figure 3-13), or it may be a spon

taneous development in which no formal planning 

was considered. The amount of capital, knowledge, 

and effort can vary greatly; it may involve simple 

improvement of range land or a large scale coloni

zation and irrigation project. Development also 

can take the form of agrarian reform. 

7.1 Organized versus spontaneous efforts 

Organized development involves a m4jor plan

ning effort and capital input on the part of a __ 

government. The results can be 1mpress~ve. For 

I 

zation, and trained a group of skilled agronomists 

to help improve the agricultural segment of the 

economy. These were significant achievements. 

In some cases, expenditures are substantially 

higher than in others due to the type of costs 

that result from road building, new housing, elec

trification, sanitation, certain technical assist

ance, construction of educational facilities, or 

supplying various types 8f farm inputs to settlers. 

There may be difference of opinion regarding the 

degree of support necessary. One view is that the 

costs·of some forms of assistance are much too 

high and that the increased output from the area 

is not sufficient to cover-the basic expenditures. 

On the other hand, if little is done to provide 

assistance and conveniences for the settler, there 

is the danger that he may simply become a subsist

ence farmer and help to spread the rural slum. 

For example, a road may be built through a segment 

of the frontier and settlers may be given the 

right to claim the land in what is still a fairly 

inaccessible area. Since there is little possi

bility that these somewhat isolated farmers will 

develop a commercialized agriculture, the farmers 

may camp and live on the road. 

Spontaneous development involves settlement 

of new 1anda with little official assistance or 

control. Costs are thus minimal for the government. 

~itizedbyGoogle 
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In a few cases, subsistence farmers may be able 

to sell 
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cases, 

market. 

off their 

kgevious 10catkggg~ 

:Uu1e thought ig 

practica11k 

gke 

is rendered to help farmers improve the quality 

of their livestock or crops or to increase pro

duction generally. It is hard to imagine peasant 

farmers able to provide the capital inputs they 

need to increasg kie1ds. Such farmers often may 

be skilkk 

things wk?:k 

not convuuk 

?:ura1ists, in 

kkey have to wuuk s 
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Theoretically, then, agricultural development 

probably should be attempted through a systems 

approach, or an improvement plan in which all of 

the factors which influence the program are con-

sidered Planners 

several 

kUod da ta base to 
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Attention also should be paid to a number of 

the subjects discussed in this and earlier chapters: 

holdings, tenure practices, mechanization, inputs, 

markets, eeoperative orguuheuekeu t uredit, 

transporluekuu s eettforts and conuulkhuueuekhysical 

charactet~1efks:-:es kel1ution, envieuu_e:-:ul uuage-

ment, industrializuekuus ukuca-

tion. There is a feeling prevalent aaong some 

analysts that decision-makers should attempt to 

see the development process as a whole, and resist 

the temptation to look for simple solutions which 

if all 01 

I. 

factors noted above interact cooperatively, the 

is usually greuteg the sum of 

in agricukeueffiS. deuelop\IIeDt is 

bueed e.eeeut~ .. a11y on the of a whole 

range of costly conditions, then the future pros

pects for countries with limited means would ap

pear to be discouraging. For many countries. this 

need not be the case. Modest improvements, at 

the luuut, are always 

an effort shOuld 

1euffiS.rams with goo1 

available 

to concen

, rather 

ekknly. Gov-

ernments should not expect that simple solutions 

can be obtained solely by means of technical in

novations. A national policy which concentrates 

on supported industrial development and continu-

and whieh a workable 

base, is self-keteuetUh und counter-

an effort shuuIk to integrate 

rural development planning and population control 

programs. The major thrust in family planning up 

to now has been directed toward the cities. This 

is understandable; funds, staff, and facilities 

erkd transportat1er 

kttticult. Yet, 

rural countryskhe 

, the effectiueuuer 

eueul areas 

uwise to 

regard since t 

uusicultural 

planning often is counterbalanced by rapid rural 

population growth. Moreover, urban growth is 

directly affected by migration from overpopulated 

rural areas. 
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! 7.2 Irrigation 
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Figure 3-14. RELATION BETWEEN RICE YIELD PER HECTARE AND PERCENT OF RICE AREA IRRIGATED 

(Ave~ge 1959/60-1963/64) 
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two-thirds of the world's population. have less 

than half of the world's arable land. Yet. those 

same developing countries contain three-quarters 

of all irrigated land. About one-third of all 

the rice land in Asia. for exa~le. is irrigated. 

Water use in large irrigated areas is con

trolled by irrigation societies (such as in Java). 

by governaent agencies (as in the Gezira. Sudan). 

or by a combination of both (as in the Guadiana 

River Basin in Spain). The costs of irrigation 

can be very high. For example. hydroelectric 

power generation encourages the maintenance of a 

high level of water in reservoirs. whereas flood 

control necessitates a drawing down of water 

levels. This requires that a series of daas. 

rather than one. be built to compensate for such 

differing goals. Furthermore. the dams and 

attendant features are fairly costly structures. 

and they tie up a considerable amount of capital 

for long periods of tI.. Then years may pass 

before some financial returns on the investment 

become evident. The World Bank thus argues 

strongly that irrigation should be considered 

only if it is economically justifiable. 56 

SllDt.nat1oae1 IeDk for 1lec00000tructioD aDd J)eye1o~t. 2'1uJ 
~ o.wZopt.nt of SpaUr (Balts.ore. MarylaDd: Johns IIOpkiD. 

\ Pr •••• 1963). p. 277. 

Allocation of costs in multipurpose projects 

often is arbitrary. but it seems fairly clear that 

some areas are more expensive to irrigate than 

others. For example. costs in Kenya are about 

four times as high as the costs in the Sudan!7 

Despite such differences. the advantages seem 

clear--labor intensive agriculture. high yields. 

multiple cropping possibilities. and insurance 

against drought. Figure 3-14 shows the relation- . 

ship between yields and extent of irrigated area. 

(It should be kept in mind that quality of seed. 

fertilizer. and other ~nputs also affects yield.) 

For all its benefits. irrigation creates some 

problems. Some of these have been referred to be-. 
fore: salinization and waterlogging of soils. 

high cost of development. and ecological disrup

tion. As with agricultural development generally. 

it is not enough to bring the water to the land. 

The other ingredients previously mentioned must 

also be considered. For example. farmers must be 

trained in order to operate their holdings effi

ciently. They must be taught something about the 

correct timing for water application. 'the desired 

amount and depth of watering. and the different 

17PreeUeDt's Sc1eac. Adviolory c-1tt... 2'1uJ /lorld Food 1'zoobZ
o...bi$'&to'll. D.C.: U.S. Gov.~t PriDtiDI Offic •• 1967), Vol. II, 

P. "3~' 
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irrigation techniques required for various soils 

and crops. Irrigators also must leam how to 

adjust to the needs of their neighbors. Since 

water use is rationed, a fair amount of coopera

tion is necessary. Another problem is a legal and 

administrative one. Water controls established 

in one part of a river system might affect other 

parts, since the basin is one physical unit. Yet, 

the area may be politically divided. Problems of 

this kind have aris~ many times; for exam~le, 

consider the difficulties of water management of 

the Indus River basin between India and Pakistan. 

The potential for irrigation in some areas is 

good. Perhaps more attention should be paid to 

productive humid areas with good possibilities for 

increasing output, rather than on glamorous proj

ects to make the deserts bloom. The total produc

tive area in South America could probably be 

doubled; that in Africa could be tripled. In 

parts of Asia, the area that is eligible for de

velopment is also sizable. The water might come 

not ~ly from river basins but from large sub

surface sources as well. To substitute for more 

expensive forms of irrigation, some attempt prob

ably could be made to increase the use of portable 

pumps and tubewells (irrigation wells enclosed in 

tubes). On the whole,' however, the cost to prepare 

land for intensive farm use will be fairly high. 

'1.3 Agrarian reform 

Agricultural problems in many countries com

monly result from the imbalance of holdings and 

ownership. It is true that in some countries a 

small number of land owners control most of the 

farm land, and a large number of farmers with 

tiny plots own a small proportion of the land. 

However, it has been pointed out that, because of 

low carrying capacity, large ranches are not neces

sarily inefficient. Furthermore, large well-run 

holdings can achieve certain economies of scale; 

if Subdivided, production ususlly falls. These 

cooditions suggest that assistance might often be 

extended more profitably to the large farm than 

to the small one, if increased production is the 

objective. The political and social influence in 

regard to land ownership is,a strong one and must 

also be considered, along with the purely economic 

objective to maximize fara output. 

Population gr~th creates another problem. 

In Latin America, new faatlies outnumber, by about 

20 to 1, those families receiving land from the 

govemment. In India, the number of people with 

plots of less than 2 hectares is so great that the 

division of all holdings over 8 hectares would 

add an extremely small aaDuot to the average size 

of these small farms. 

The point has been made previously that solu

tions to agricultural problems should be viewed by 

considering, a broad range of related matters. To 

focus solely on land distribution, no matter how 

inequitable it may be, confuses the objective. 

The argument here is not against land reform it

self but rather its political use as a suggested 

solution without taking account of other factors. 

The Director General of the Food and Agriculture 

Organization points out that this type of reform 

must be linked to a wide range of measures which 

raise productivity. 58 

Agrarian reform (the subdivision of holdings) 

is not a program that can be easily accepted in 

some countries. It implies drastic revisions of 

the existing social, economic, and political 

structure in many cases. If the inequities of 

land ownership are unacceptable, it may be equally 

unacceptable to suggest that division of holdings 

will improve production or necessarily provide a 

plot of land for each farmer who wants one. In 

those few cases where good, accessible land is 

available, the demand for agrarian reform is not 

normally a very strong one. 

8. AGRICULTURAL REGIONS AND TYPES 

Agricultural regions can be classified in a 

variety of ways. Some of the criteria which can 

be used are as follows: crop and livestock COlI

binations and degree of specialization; level of 

intensity of operatioos; tools and methods used; 

5. Addeo H. Boe..... "A World Ap'icu1tura1 P1 .... " 10 Food, ed. by 
J. Hoff &lid J. Janick (SaD Prand.co. california: 'V.H. Pre_ , 
Co •• 1973). p. 224. 
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degree of commercializationi social and ownership 

featuresi scale of enterprisei and climate. Each 

of these criteria. individually or in combination. 

however. do not categorize all agricultural areas 

in a completely satisfactory manner. 

8.1 Primitive and subsistence crops and 
livestock 

Primitive agriculture supports a very small 

population. yet covers a very large land area. On 

a sliding scale. it is the least commercialized 

when compared to some forms of subsistence agri

culture that may involve a substantial amount of 

trade off the farm. 

Shifting cultivation, in which the land rather 

than the crop is rotated. is known by many names. 

Some of the more common terms are swidden and 

slash-burn. It is practiced in Central America. 

the Amazon Basin. sub-Saharan Africa, and South 

and Southeast Asiai it represents a particular way 

of life to the people. Some farmers in these cul

tures have strongly resisted government attempts 

to settle them in permanent villages in valley 

bottoma. Crops vary by area. but the rotation 

system is common to all. Fields are burned and 

cleared and then cultivated for a year or two. The 

burning provides the soil temporarily with a few 

selective plant nutrients. Since there is no 

land pressure. farmers do not return to the field 

for a period of 10 to 30 years. Thus. the soil 

usually is able to recover. and the natural vege

tation is allowed to take over again. Swidden 

farmers often are 'fairly skillful and knowledgeable 

agriculturalists. considering the inputs available 

to them. 

Nomadic herding is in Sa.8 ways a livestock 

parallel to shifting cultivation. It is found 

along the desert margins of Africa and Asia and 

in the subarctic areas of North America and Eurasia. 

It also involves a small population and a large 

land area. Since the nomad is very dependent on 

his animals for his livelihood. available forage 

governs his movements. Under certain conditions. 

however. some nomads can become settled farmers 

and they temporarily cultivate land around an 

oasis for a short period of ti.a before movins.9n. 

lJ I 

Clan boundaries may not be clear. but access to 

water is more critical since survival ~y depend 

on it. In some areas. seasonal rainfall may pro

vide pasturagei such desirable land might also 

become a source of friction between, clans. Wide

spread drought. however. may unify the tribes and 

result in an out-movement of these peoples into 

outlying areas. This partly explains the periodic 

movement of Kurds, Tartars. and Mongols into China. 

South Asia, and Eastern Europe. 

Subsistence farmers may be invglved in inten

sive or extensive operations. The types of crops 

they grow are quite diverse. and the areas in 

which they live are widespread. The degree of 

commercialism in their farming also varies. Ac

cordingly. there are many sub-classifications. 

Large numbers of people are involved. par

ticularly in Asia. and animals play onJy a minor 

role. No crop is dominant. although rice and 

corn are common in the humid areasi and wheat. 

sorghums. and millet are prevalent in the drier 

regions. Oilseeds are grown for internal farm 

consumption and for sale. Cotton is usually 

'featured as a commercial crop. In some cases. 

with sufficient rainfall and growing period. mul

tiple cropping is possible. Under favorable con

ditions. multiple cropping can be attempted even 

in an area with a wet-dry seasonal change. In 

India and Pakistan. for example. the kharif crops 

are grown during the rainy period and the more 

drought resistant rabi crops are grown during the 

dry season. 

8.2 Mixed farming 

There are two major types of mixed farming. 

The first resembles subsistence farming in that 

not all crops are sold off the farm. Generally. 

field crops and horticulture predominate. and 

livestock plays a minor part. 

Mixed farming is found mainly around the 

Mediterranean basin and in central Chile. where 

the growing season coincides with the dry season. 

This creates a problem. which is solved partly by 

irrigation in some areas. There are other regions 

of tbe world with similar climat'es. such as Cali-
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fornia in the United States. but a different type 

of agriculture is practiced there due to the in

fluences of such factors as location, accessi

bility, and markets. 

Dry farming, involving fallow plowing or the 

growing of legumes to help maintain soil moisture, 

is common. Animals are used for a variety of 

purposes and hardy native breeds of low produc

tivity predominate. Podder often is difficult to 

obtain and many areas have been overgrazed and 

suffer from the effects of accelerated erosion. 

The Mediterranean basin, particularly, is noted 

for high quality Merino sheep which are seasonally 

shifted from highland to lowland areas. 

The second type of mixed farming is more ad

vanced and involves close integration of crop and 

livestock production. It is found in the eastern 

half of the United States; in Europe from Northern 

Spain to the Ukraine, and on to Lake Baykal in 

the Soviet Union; in Southeastern Brazil; parts of 

South Africa; and a segment of New Zealand. In 

the United States, a large proportion of the crop 

output is converted into livestock products and 

the operations are highly mechanized. The Corn 

Belt is part of this area. In Europe, the concen

tration is on cereal production, particularly 

wheat, for direct human consumption. Cattle and 

hogs in both regions usually are high grade, selec

tively bred types. In Brazil, cereal cultivation 

and livestock are found in conjunction with more 

specialized types of farming such as coffee, sugar 

cane, and cotton holdings. The proportion of 

pasture land there ~s higher than in the United 

States and Western Europe. 

8.3 SPecialized agriculture 

The agricultural types grouped in this cate

gory are varied. The major characteristic is the 

tendency to concentrate on production of a limited 

and specialized nature. 

8.31 Com.ercial grain farming.--Commercial 

grain farming is found in the North Central United 

States and contiguous parts of Canada, in Eastern 

Europe, and in the Ukrain~ and Kazakhstan in the 

Soviet Union. Livestock production is often as so-

ciated with grain farming--for example, in the 

wheat belts of the Argentine Pampas and in south

eastern and southwestern Australia. 

A high degree of mechanization is common and 

holdings are very large. Other crops alternate 

with wheat and seldom make up a monoculture (grow

ing of only one crop). Cereals such as rye, oats, 

barley, corn, and sorghums, usually are grown in 

rotation. 

8.32 Paddy farming.--Paddy or sawab farming 

is associated with rice culture and irrigated 

areas. It is found in Eastern India, Bangladesh, 

Southeast Asia, the Philippines, Indonesia, Main

land China, Japan, and Korea. Paddy rice cultiva

tion may be almost IIOnocultural in sOlle of these 

areas, and multiple cropping (that is, growing a 

crop two or more times a year) can be common. 

Rice is well adjusted to the monsoon climate that 

prevails over the region, but some other crops 

(such as wheat or vegetables) also may be grown, 
\ 

depending on the areas involved. 

Paddy farming is a very successful form of 

agriculture that requires good social and admin

istrative organization and skillful water manage

ment. In some places paddies have been constructed 

on slopes by means of terracing. Pigure 3-15 (on 

the opposite page) is a picture of rice terraces 

in the mountains of Luzon in the Philippines. 

They are among the best built and lOst extensive 

in the world. 

Paddy holdings are usually _11, but yields 

are sizable. Paddy farming is also labor inten

sive; one analyst estimates that 1 hectare requires 

313 man-days per year and can feed 12 people. 59 

The cost of keeping animals is high since pasture 

land and fodder are limited; fish cultivation, 

however, is common. Paddy farming is highly com

mercialized in such areas as Southeast Asia and 

Japan. 

In addition to paddy farming, there are many 

other types of irrigated agriculture throughout 

the world. They are commonly .associated with areas 

S·I.e.lie s,.m.. AgJoiaultla'lZl a.ogr.aplfll ( .... York: hUler 
Pub11.ber., lac., 1967), p. 85. 
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Figuzae 3-15. PANORAMIC VIEW OF RICE TERRACES IN THE PHILIPPINES 

Source: FONlign AgricultuH. u.s. Depa1'tment of AgricultuH. Auguet1J. 1973. 

in which arid and semi-arid climates prevail, but 

they may be found under h\Dllid conditions as well. 

In the case of the h\Dllid regions, however, irri

gated zones are not as extensive in area, and 

water control is not as rigorous. 

8.33 Irrigated cropping.--Growing a crop 

more than once in one year is common on irrigated 

land in warm climatee, and animals usually have a 

secondary role. Generally, holdings are only 

moderate in size, but they may be highly commer

cialized. Some examples of this type of agricul

ture are to be found along the western sides of 

the Andes in Peru, in Egypt, in southern Iraq, 

. and in the Imperial Valley in northwestern Mexico. 

.tJ 

8.34 P1antations.--Qn occasion, some observ

ers classify plantations as a specialized type of 

agriculture. 60 Although quite different in many 

ways, they have several characteristics in common 

with other specializations. 

(1) Plantations (large farms with plants under 
cultivation) have historically represented 
a foreign form of agriculture in the Asian, 
Latin American, and African countries in 
which they are located. In recent times, 
however, plantation operations have been 
increasiag1y integrated into the local 
economy and social structure. 

'·David Grigg. '~e Agricultural Regions of the World: Review and 
Reflections," Economic Geogmphy (April 1969), pp. 126-127; 
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(2) Their high degree of specialization, com
mercial orientation, size of holdings, and 
capital investment distinguish plantations 
from neighboring agricultural types. 

(3) Small-scale native farmers recently have 
been increasingly successful in competing 
with crops from plantations; as examples, 
one can mention bananas from Ecuador, cacao 
from Ghana, coffee from Ethiopia, and rubber 
from Malaysia. Sumatra, Java, west Malaysia, 
Ceylon, Assam, and Central America still 
have large numbers of plantations, although 
the area they cover is small in comparison 
to their economic significance. 

8.35 Horticulture.--Horticulture is asso

ciated largely with urban areas, since these 

places provide good markets for fresh fruits and 

vegetables. This typ~ of farming is capital.in

tensive in some countries and labor intensive in 

others. With increased capabilities in refrigera

tion, transportation, freezing, and quick canning 

techniques, horticulture areas have tended to 

become less market oriented and have concentrated 

in regions with more desirable climate~ The 

farming is intensive. For example, multiple 

cropping linked to livestock production in the 

Hong Kong area can absorb about 2,000 man-days of 

labor per hectare and provide for a net cash in

come of u.S. $2,000. In some urban centers with 

high-income suburban populations, this type of 

farming also would include nurseries and green

houses. One of the major problems for urban agri

culture in recent times has been pollution, which 

can cause serious crop damage. 

8.36 Dairying.--Dairying can be found in 

association with urban agriculture or mixed farm

ing, or as a separate specialization. It may be 

capital intensive and highly mechanized to the 

point'that feed.is brought into the barn and the 

animals are not usually taken out to pasture. On 

the other hand, it may simply represent a second

ary form of farm income in which capital require

ments are minimal. Around large ~rban ~enters, 

perishable fluid milk usually is involved. By 

contrast, butter, cheese, and condensed milk pro

duction may be far removed from major markets. 

Generally, the best areas for dairying have humid, 

cool climates, such as are associated with the 

Eastern and Central United States, the North Sea 

area, Australia, and New Zealand. Farms generally 

are moderate in size and, in some cases, pig pro

duction may be closely associated with the dairy 

operations. Production of fluid milk in a number 

of Latin American countries has increased within 

recent years. Improvements also have been made 

in the quality of the product as dairies have 

established grades and insisted on production 

controls. 

8.37 Commercial grazing.--Commercial grazing 

generally is associated with the semi-arid prairie 

or steppe grasslands of the world. It is to be 

found in the eastern half of Brazil; in Argentina, 

Uruguay, and Paraguay; in the regions of the Chaco, 

Pampas, and Patagonia; in the llanos of Venezuela; 

in South Africa; in the western half of the United 

States and adjoining parts of Canada; and in the 

eastern, western, and northern segments of Aus

tralia. Holdings are large, the carrying capacity 

of this type of area is moderate to poor, and the 

land is generally unimproved. Capital investment 

per worker often is high. Sheep and cattle are 

primarily the livestock involved, although goats 

may be grazed in some'of the poorer areas. The 

tropical savannas are less desirable as a whole 

because of a higher incidence of animal diseases 

and because the grasses usually are not as nutri

tious as those in the mid-latitudes. Furthermore, 

poor transportation facilities usually require 

long and difficult trips for the animals in order 

to reach a railroad or market. This results in a 

substantial loss of weight. In Argentina, commer

cial grazing and crop production often are closely 

linked; on the other hand, in southern Brazil and 

Uruguay, where there is sufficient rainfall.. there 

is no such integration of activities. 

8.38 Other animal specialization.--There are 

some other types of animal specialization which 

might be noted. Fish cultivation has been men

tioned in connection with paddy farming. In addi

tion, mechanized egg and poultry production and 

the raising of animals for their furs might be 

mentioned. These operations do not take up large 

areas; as specializations, they are found mainly 

in the developed nations. 
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9. SUMMARY 

Agriculture often is considered, by nature', 

to be subordinate to other sectors of the economy. 

If this view is held, there is sometimes a danger 

that agriculture will receive little support from 

the government, and that income from agriculture 

will be used mainly to encourage other national 

economic ventures. This may prove to be self

defeating, considering the danger of an unfavor

able balance in the food-population ratio. 

Several characteristics of agriculture should 

emphasized. First, size of holding should not 

always be equated with productivity. Some hold

ings may be truly under-utilized. Others (in 

semi-arid areas, for example) must remain large 

in order to achieve economies of scale. Second, 

while tenure is not necessarily a bad practice, 

conditions of tenure should be examined. Third, 

use of fertilizer is limited in many areas--not 

because it is unavailable but because transporta-

------- ---- .- --- ----1 

tion is inadequate. It also-appears that some 

elementary training in fertilizer use is necessary~ 
\ 

Fourth, introduction of machinery into an area 

dOE!s not always lead to a decrease in the need for '\ 

labor. Acceptance of mechanization is facilitated I, 
/, 

if an attempt is made to tie its use to local (' 

needs and customs. Fifth, market studies are 
I 

necessary for successful agricultural development., 
\ ixth, land-use patterns are influenced by loca- : 

ion, as well as by physical and non-physical 

tctors. The concentration of market-garden or 

orticultural rings around cities seem to prove 

. is point. Locstional factors also are signifi

~nt in considering where to set up agricultural 

qrocessing establishments. In general, these 

~stablishments are associated with city regions. 

~inally, agricultural development depends upon a , 

!variety of factors; it is not realistic to assume 

~hat eliminating one obstacle or concentrating on 

ne improvement can resolve all the problems and 

ncrease productivity. --_ ___ __ __ _ "r---
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Chapter4. POPULATION-FOOD BALANCE 

1. INTRODUCTION 

The relationship between population and re

sources is not always clear. Several methods have 

been developed to measure the effect of one on the 

other. but generally they have not proved to be 

practical. The resource concept itself is not a 

clear one. and this has also hindered attempts to 

refine the relationship. 

Regardless of the way in which population and 

resources (specifically. population and food sup

ply) can be measured. a major effort will have to 

be made to increase agricultural production in 

order to fight famine and malnutrition •. Indeed. 

two of the basic objectives of the United Nations 

Food and Agriculture Organization's Indicative , 
World Plan are to increase cereal production and 
. t 
to introduce variety and improve the quality of 

the diet of peoples in developing countries. This 

chapter focuses not only on population balance 

measures. but also on the possibilities for in

creasing world food supplies. 

2. RESOURCE CONCEPTS 

The term "resource" ·refers to something which 

man recognizes as being useful. For example. the 

Chinese of Shansi Province were long aware of coal 

in the subsurface of the area before they learned 

that it could be burned as fuel. The coal was not 

a resource until people learned how to use it. 

Similar examples can be found in agriculture. The 

first settlers in the prairie lands of the United 

States settled along stream valleys where soils 

were not particularly rich. There were several 

reasons for choosing these locations. but one 

factor was a lack of recognition of the high fer

tility of the surrounding prairie soil. 

Some observers interpret the term "resource" 

very broadly and include not only physical and 

68 

cultural features but people as well. The term 

"resource" as used in this chapter does not include 

"human resources." 

Ideas concerning the definition of the word 

"resource" are often closely linked to economic 

considerations and the existing level of technology. 

In the 19th Century. agricultural machinery. wind

mills. and the railroad helped to change the Argen

tine Pampas from an extensively used grazing area 

into one of the world's leading surplus producers 

of meat and grain. Up to that point. this basi

cally rich area was not used and not considered 

worth developing. 

Since man determines whether something is or 

is not a resource. it follows that differences in 

perception. cultural attitudes. or economic motives 

will affect the way in which it is used. Thus. 

some people are more successful than others in de

veloping areas with few resources. However. pos

session of a rich resource does not necessarily 

benefit the people in the area in which it is 

found. regardless of their perceptions or abilities. 

For example. the coal mined in Appalachia in the 

United States brought the country great wealth and 

industrial power. but the people in the region. 

including the miners. have not especially benefited 

from it. The point. however. should not be over

stated. A region which can be easily reached and 

which has good soils and climate. for example. !,as 

an advantage for cultivation which others do not. 

All things being equal. such areas mak~p the 

rich agricultural regions of the world. 

A number of judgments are involved in deter

mining the value of resources. The renewable or 

non-renewable aspects. available technology. in

tensity of use. amount of waste. managerial capa

bilities. and institutional attitudes are all fac

tors which must be considered. Some of these are 

~"_5-
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difficult to evaluate. but they must be examined 

if any serious attempt to measure the balance be

tween resources and people is to be made. 

3. DENSITY MEASURES AND OPTIMUM 
.POPULATION 

A number of density measures have been devel

oped and used to measure population pressure. Some 

of these are discussed below. 

Much has been written on "optimum" population 

even though the idea is difficult to understand 

and is not easy to quantify (determine the quan

tity). Despite the fact that few analysts are 

satisfied with the various ways to assess popul~

tion pressure. the thought remains that a good 

method of coaparing population and resources must 

be developed. There is continuing need for a good 

method. As one observer put it. in co_nting on 

optimum population. the fact "that one cannot de

cide on a figure does not make the question an un

real one. ,,61 The concept of "optillula" remains and 

various measures are used because. despite their 

deficiencies. they are useful tools and no one has 

discovered or created anything better. 

3.1 Theories of optimum population 

Theories of optimum population can be ap

proached in several ways. They can concern them

selves with economic. social. political. ecologi

cal. or psychological criteria. or with combina

tions of these. People from varying cultures and 

countries aight also view the concept subjectively 

and differently. What an Indian might accept as 

an opti_. a Nigerian might not. since their 

individual views of the needs and quality of life 

adght vary. 

Interpretation of the idea of "optimum" is 

subjective (that is. influenced by judgment rather 

than facts). People with different training and 

motives will sometimes develop conflicting defini

tions of the term "optimum." What a military 

'I G.a. T.y1or. "Optt.. Popul.t1oa.a." 1D 'l?uI 1I0l'14'. Population. 
ed. by Q. StaDford (Rev York: OKford UDiv.r.ity Pr •••• 1972). p. 191. 

leader might desire as an optill_. a social re

former aight not. One can also see the interpre

tations which might be made by busines_en. nation

alists. medical experts, biologists, demographers, 

agronomists, wildlife experts, economists, ecolo

gists. and defenders of zero economic growth. 

The time factor might be i1llportant in devel

oping a good definition. What may appear to be 

in balance at one time may not be at another. For 

example, during the depression of the 1930's, a 

number of advanced countries in Western Europe 

felt what appeared to be population pressure. Yet 

30 years later they were so short of manpower that 

labor was imported from other nations. It might 

be argued that a short-term rate of unemployment 

alone is not necessarily a true measure of over

population. Whatever the point of view, however, 

it should be remembered that the definition of 

over-population can change within any society or 

group of people over a period of time. 

Some observers consider a country over

populated if it relies on imported resources-

specifically food. 62 Others simply consider the 

various kinds of costs and problems involved in 

importing goods. 63 

Optimum concepts must also consider popula

tion qualities. What is optimum could be affected 

by such factors as age and sex distribution, labor 

force characteristics, or education and income 

levels. Cultural attitudes and customs might also 

influence what is considered optimum. Under cer

tain conditions, population pressure has led to 

greater efforts to produce more and to live better. 

Although this is not true of all peoples, nor 

would it be possible in many cases, it does high

light the influence of the human element. 

Thus there are many optilllUlll8, based on dif

ferent value systems and individual and societal 

goals. These optimums, however, all represent 

'2 ~r. Ior •• tr_. 'l?uI Pood. and P.apu. Diu.ea (liorth Scituat •• 
IluNchuHtU: Duxbury Pr .... 1973). pp. 51-52. 

'Ildvard A. Acka~. "Popul.t1oll &lid Batura! Kaaourc ... " 111 'l?uI 
Stvdi/ of PopuZatiotJ. ad. by P.M. BauHr &lid O.D. DuacaD (Cbicaao. 
Ul1aob: UDivardty of Cbicqo Pr •••• 1959). p. 622. 
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some sort of balance between resource availability, 

needs, and use, in order to provide a desired life 

style. 

The determination of what is optimum is not 

an end in itself but is a means by which observers 

can determine the extent of a population-resource 

problem. It might be argued that instesd of using 

so much effort to d,termine an optimum, planners 

should focus on the question of the optimum rate 

of growth and how it can be used. It does not 

appear, however, that such a rate can be quanti

fied any more easily than a calculation which does 

not change. 

One geographer has defined an agricultural 

balance in these terms: it is the "maximum number 

of people a given area will maintain under a given 

system of usage without land degredation setting 

in. ,,610 This definition does not consider the de

sires of people for a better life, for increased 

productivity, and higher living standards. One 

African geographer claims that optimua popUlation 

or popUlation pressure concepts should consider 

three, rather than two, variables--not only re

sources and people, but also expectations. 65 

Unfortunately, expectations are hard to define 

and measure. 

There have been a number of atte.pts to de

te~ne how much agricultural over-population 

exists in some countries. Some studies have arbi

trarily selected a certain net income per family 

or minimum hectares per farm to use as a guideline. 

The size of the surplus population is then deter

mined on the basis of published. agricultural data. 66 

Other observers have selected certain criteria 

which they feel can indicate the degree of over

population, such as msn-hours worked versus those 

required, by type of farm and crop; comparisons 

• 'John M. Street. "An Evaluation of the Concept of carrying 
Capacity," ITofessional Geographer (March 1969), p. 1. 

• 'Akin L. MabogUDje. "A Typolosy of Population Preaaur. on 
Reaourcea in West Africa," in Geography and A Crowding ilorld, ed. 
by W. Zelinaky, L. Kosinski, and R.M. Prothero (Rev York: Oxford 
University Press, 1970), p. 118. 

•• Robert E. Dickinson. T1rs Population lTobZ- of Sowthsm ItxzllJ 
(Syracuse, Rev York: Syracuae Univer.ity Pra •• , 1955). pp. 90-91. 

J. T ..... evich. Peasants, Politic., and Eoorrcmic C1ranqe in 
Yugoslarri4 (Stsnford, Cslifornu:. Stsnford University Pre •• , 1955). 
p. 311. 

with neighboring countries; extent of outmigration; 

density data; patterns of ownership and operation 

of farms. 67 Desp"ite these efforts, attellpts at 

defining optimum population have met with little 

success. Many observers can often agree with 

vague and general theoretical notions regarding 

an optimum, but not with its quantification or 

specific aspects. 

3.2 Density measures and their uses 

If the objective of density measurement is to 

compare the relationship of people to resources, 

then the measures currently used have only limited 

value. So.e are so generalized as to be aeanins

less, whereas others have value only if they are 

applied to areas of limited extent and with s .. ll 

populations. One of the major failings of IIOst of 

these lle8Sures is that they equate people and laad 

area but do not consider the differences in the 

resources of different areas. Mineral wealth, for 

examp~e, should not be measured solely in relation 

to the size of the area in which it is fouad. but 

also in teras of its quantity, quality, and access

ibility. Thus, a true "n-resource balance should 

not focus only on land area in relation to people. 

3.21 Arithmetic density.--1he arithmetic 

density is referred to and used IIOre often than 

any other type of measure. Sometillea known as 

the .. n-land ratio, or crude density, it co.,ares 

population to area. Since it does not consider 

the different qualities of the population nor the 

different qualities of the area, it can be a par

ticularly misleading statistic; yet its use is 

widespread. The reason is probably the same as 

that which accounts for the continuing attempts 

to measure optimum population; that is, the man

land ratio is relatively easy to calculate and, 

despite its failings, appears to provide a general 

·guide to .determine population pressure. 

, 7 S-.1 ...... Population, IIanpoI.Ier and Eoonomi.o o.wZopnmt of 
EaBtBrn Europe (Wa.hinston. D.C.: Geor •• Wa.hinaton University . 
Publication, 1961), pp. 7-8 • 

W: Z.linsky, L. Ko.in.ki, and R.M. Proth.ro. Geography and A 
Crowti1.ng ilorld (Rev York: Oxford University Pr •••• 1970) paBst. 

John M. HUDter. "Population Pressure in a Part of the West • 
African ~va~na: A Study of Rangodi, Rortheast Ghana," Annals of 
the Assoowt1.on of American Geographers (March 1967), 24sa1ll. 
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The leader of the Third Reich in Germany once 

defended his policy of Lebensraum"by pointing out 

that Germany had the hiShest crude population den

sity rate in the world; whereas many other coun

tries. such as Bolivia. were quite empty and had 

very low densities. Yet. even at that time (in 

the 1930's). the level of living was unquestion

ably higher in Germany than in Bolivia. Similarly. 

the crude density of the United Kingdom is about 

1 1/2 times that of India; this fact. by itself. 

does not necessarily indicate a higher level of 

living in the less dense country. 

Further examination reveals that level of 

living in many countries is not correlated with 

population density. Some industrialized and ad

vanced nations. such as Belgium and Japan. have 

high ratios; whereas others. such as Sweden and 

New Zealand. have low ratios. Some developing 

countries. such as Laos and Kenya. have low den

sities; others. such as Bangladesh and South Korea. 

have high densities. Moreover. crude density does 

not suggest whether there is greater population 

pressure felt at the upper or the lower end of 

the economic scale. To put it another way. the 

pressure in a country with a high density figure. 

such as Taiwan. might be less acute than it is 

for Mozambique. which has a much lower density. 

The pattern is the same for areas of smaller size. 

such as cities. For example. living standards in 

large urban centers may be much hiSher than poor 

rural areas despite a very great difference in 

density. 

A further failing of arithmetic density is 

that. if it is used as a national average. it fails 

to reflect regional differences. For example. the 

average crude density for Indonesia does not re

flect the high concentration of people in Java and 

the sparse settlement pattern in Sumatra; for the 

United States. it does not reveal the congestion 

in parts of Megalopolis and the relative emptiness 

of the desert in Nevada; for Egypt. it does not 

show the great differences between irrigated and 

unirrigated areas. This helps point out the fact 

that not all land areas and carrying capacities 

are alike. One square kilometer in the center 

of Calcutta is not used in the same way -as one 

I 

square kilometer in the middle of the Sahara 

Desert. Such a simple conclusion seems obvious. 

yet users of crude density figures apparently con

sider the two places to be very much alike. since 

the land areas used are not weighted or differen

tiated from each other. In similar fashion. the 

populations are also not differentiated in any 

way in this measure. Thus. the skilled workers 

producing computer machinery in Sao Paulo (Brazil). 

for example. are not in any way classified dif

ferently from unskilled aborigines in Amazonia. 

It would be very desirable for data pro

ducers and consumers to develop and use crude 

density figures with great caution. Researchers 

who use these calculations and apparently obtain 

revealing conclusions from them might. with equally 

defensible logic. conclude that cows and goats are 

"exactly alike since they are all ruminant (cloven

hoofed and cud-chewing) mammals. Conclusions 

drawn from using arithmetic densities can be vic

tims of the lack of logic. Thus. all people are 

considered exactly alike. presumably because they 

are human; presumably all land areas are exactly 

alike since they contain some form and mixture of 

earth materials. People often have a tendency to 

use arithmetic density because "it is there." 

3.22 Urban density.--The urban density meas

ure is calculated exactly like crude density. but 

is applied only to urban'areas. It is not usually 

intended to be used directly as a measure of the 

population-resource balance. ,but is sometimes used 

by planners and other researchers in studying 

transportation. housing. urban growth. market pat

terns. and market problems; and in making compari

sons between the central city and the suburbs. 

Urban density is not always correlated with in

come. since wealthy areas with high-rent elevator 

structures or prosperous single dwelling residen

tial structures may have higher or lower densities, 

respectively. than the slums. 

Statistics similar to those of urban density 

are sometimes gathered by using housing units as 

a base. For example, calculations can be made to 

indicate the number of persons per housing unit or 

persons per room. The latter figure presents 

problems since the size of the rooms is usually 
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not taken into account. Rooms in slums are often 

smaller than those in wealthy areas; therefore the 

housing space available per person is not an accu

rate figure. Similar situations also exist in 

rural housing in various countries. Sometimes 

"persons per room" is referred to as crowding, 

rather than density.68 

3.23 Physiological density.--Physio10gica1 

density, sometimes also known as nutritional den

sity, compares population with arable land. Since 

the population inputs are not specific, only 

broad generalizations can be deduced. It has al

ready been pointed out that the definition of 

arable land differs from country to country and 

that the quality of what is considered arable may 

also vary greatly. Definitional problems are in

volved in what ,is considered fallow, forest, pas

ture land, and crop land. For example, consider 

the estimate of 0.71 hectares of arable land per 

person in agriculture in Brazil. People who be

lieve that tropical areas are (or can be made) 

fertile, might disagree with the definition of 

what type of land is declared arable. 

Furthermore, physiological density does not 

consider the effect of inputs such as fertilizers, 

which can affect productivity but are not used 

equally by all countries. India uses 11 kilograms 

of fertilizer per hectare of arable land, whereas 

Japan uses 405. 69 PhYSiological density also does 

not consider accessibility, which might be an im

portant factor in making food available to the 

major market centers of the country. Finally, 

this measure does not indicate the impact of inter

national trade which permits some countries to ex

change their manufactured goods for agricultural 

products and vice versa. 

It might be possible to weight arable land 

figurea using some sort of value system. In all 

probability, this would be a more effective meas

ure to use within countries since comparisons be

tween countries, as noted above, often present 

"Population COUUCU. WOl"l.ti PopuUztion Status R.port 1971 ,Nev 
York: Population CauDcil, 1974), p. 33. 
., rood aDd A&riculture OraaohaUoo. PJooduction YfUl1'bt.ok. 1971 

( ..... : 1972), p. 204. 

methodological problems. Apparently, however, 

some analysts question the use of weights because 

the wide differences in land quality, even within 

countries, do not easily permit any statistical 

adj us tmen t. 70 

The figures available for phYSiological den

sity do not always disclose very much. While the 

density for Great Britain would be high, even a 

casual observer must be aware that the country 

relies on importing much of its food. Although 

some densities might indicate a great dependence 

on trade, they probably do not provide as useful 

a tool as do trade statistics. 

Consider the value of the following figures 

in making international comparisons (the data are 

in terms of arable hectares per capita): Great 

Britain, 0.12; Chile, 0.81; Tanganyika, 1.3. 
\ 

Which country is the most developed? Which seems 

to have the greatest pressure? Are arable defini

tions the same? Are population skills and pur

chasing power similar? What uses can be made of 

these types of calculations? Perhaps some reveal

ing comparisons can be made of countries which 

are very similar to one another and which are 

located in the same region, such as East Africa 

or Western Europe. As yet, however, it does not 

appear that such calculations will impart any new 

knowledge involving population pressure. 

A similar measure that is sometimes used is 

a comparison of caloric intake per capita (total 

calories, proteins, carbohydrates, or fats). The 

reliability of such data is usually poor, however, 

and the nutritional needs of different peoples and 

areas are not always well-known. Such a measure 

is concerned with food consumption (or production) 

per capita and does not directly compare people 

with land, arable or otherwise. 

So_ analysts like to calculate the carrying 

capacity of the land. Actually, they are USing a 

form of physiographic density. One economist 

estimates that under certain circumstances, a 

person could be fed from the continuous cultivation 

'OJ. It .... r. POPUUzti011 and Land in WOl'ld Agl'iaultwoe (Berkeley, 
California: University of California Pre.s, 1973), p. 101. 
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of 27 square meters of land.?! He also points 

out that under certain conditions the world could 

support 47 billion people at American standards 

or 157 billion at Japanese standards.?2 The United 

Nations Food and Agriculture Organization estimates 

that the world could support 36 billion persons, 

100 years in the future, if deserts could be irri

gated and intensive farming of the entire Amazon 

Basin were possible.'3 Calculations of this kind 

have by now become fairly commonplace. These are 
• only highly theoretical arithmetic exercises. The 

world is not able at present to support such large 

populations, given mankind's current cultural, 

economic, and political organization of society. 

Whether it will be able to do so in the future is 

not at all certain. 

3.24 Agricultural density.--The agricultural 

density measure compares the agricultural popula

tion with arable area. Since it attempts to re

fine the population figure, it should be welcomed 

as a somewhat more refined measure of the relation

ship of people to resources. However, what is in- I 

cluded in the agricultural population can vary. It 

might include full- and part-time workers or just 

the economically active males in agriculture; it 

might include persons by type of tenure, landless 

workers, or other similar subcategories. Again, 

certain things needed for evaluation (such as 

skills, training, or age) are often missing. 

Furthermore, it does not necessarily follow that 

a high density figure is closely related to popu

lation or land pressure. For example, Chile has 

less than half the agricuitural density of Colombia, 

yet both countries have experienced rural unrest 

presumably as a result of land pressure. In con

trast, Canada and Niger have low ratios; Canada 

has basically no problem of population pressure 

whereas Niger does have a problem in the Sahel. 

High agricultural densities for a few Western 

European countries may show some land pressure; 

but in determining the effect of this kind of 

pressure one must also give consideration to the 

7lCol1n Clark. l'opul.ation Gl'OtJth and Land Uaa (New York: 
Ka~il1an Co., 1967), pp. 156-157. 

"lbld, p. 153. 
Wl11iaa K. Denevan. '~velop.ent and the lmainent Deaiae of the 

""on Rain Foreat," The ProfaaaionaL Geographer (Kay 1973), p. 130. 

large production and occasional surpluses of the 

region. However, agricultural density can some

times be used as an effective tool for analysis 

if the farming is primitive and does not cover 

large areas. , .. 

It is not necessary to mention again the dif

ficulties involved in using arable land data to 

calculate agricultural density. Although this 

measure may have some limited value, it should be 

used with caution • 

3.25 Felt pressure and crowding.--A subjec

tive evaluation is involved in attempting to assess 

the impact of population pressure. Felt pressure 

has different levels of acceptance in different 

societies. It has been noted that what might be 

considered as over-population by one culture 

might not be so regarded by another. Accordingly; 

people will react in different ways to this prob

lem. Density measures do not take this cultural 

factor or reaction into consideration; it is rec

ognized that it would be difficult to ~o so. 

There is little information available on the 

levels of crowding at which people work and adjust 

most efficiently. Study seems to indicate that 

some national or cultural traits can be identified 

in response to crowding, but they are still vague 

and often arrived at quite subjectively.?S Henry 

Thoreau, a 19th Century American essayist, once 

wrote, "I would rather sit on a pumpkin and have 

it all to myself, than be crowded on a velvet 

cushion." Certainly, there might be both pumpkin 

and cushion sitters within one type of nation or 

culture. The subject seems to call for further 

investigation. There are some who believe that 

social and psychological unrest are not necessar

ily the result'of high density conditions.'6 

3.26 Economic density.--This ratio compares 

people and resources, both in terma' of quantity 

and quality. It is concerned with the standard of 

7. John K. Hunter. "Population Preuure in a Part of the Weat 
African S~va~: A Study of Nangadi, Northeast Ghana," AnnaLe of 
the Aaaocwtt.On of Amorrican Geographera (Karch 1967), pa .. la. 

75P.dvard T. Hall. The HU:ltUm Dilwnsiora (London: Bodley Head, Ltd., 
1966), pa .. la. . 

"Population Council. World 1'0f'!llatiora St4ttu1 R~ 1874 (New 
York: Population Council. 1974), p. 33. 
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living which a particular population wishes to 

achieve and is therefore arrived at subjectively. 

It also attempts to determine the manner in which 

social and political institutions view the re

source base. Economic density, in addition, tries 

to determine whether technological and scientific 

abilities are such that they can make efficient 

use of resources, and whether administrative poli

cies and programs in this regard are wasteful or 

economical. Economic density determines the impact 

of' trade, considers population characteristics, 

concerns itself with value systems, and takes ac

count of changing resource concepts. As a result, 

economic density becomes very difficult to measure. 

It may be noted that land is no longer one of the 

two major items used to calculate the measure. 

It has been suggested that the density meas

ures previously described have limited utility at 

best. Economic density, however, is harder to 

determine and its failings are many. As noted, it 

cannot be quantified easily and it is hard to use 

and interpret. Nevertheless, although it may be 

difficult to utilize, it at least helps fulfill a 

need felt by many who wish to have available some 

measure of population balance or lack of balance. 

Often, only the limits are suggested in dealing 

with economic density. An area is thus commonly 

referred to simply as being under-populated or 

over-populated! 

4. FOOD SUPPLY 

Agriculturists interested in improving the 

population-resource balance must try to answer the 

question of what realistic possibilities exist for 

improving farm production and productivity. They 

must consider the possibilities of increased out

put by means of higher yields, multiple cropping, 

and the opening of new lands for agriculture. They 

should analyze the results and study the lessons 

to be learned from the Green Revolution. They 

should assess the possibility of increasing the 

ocean catch and producing new types of synthetic 

foods. They must also, in contrast to the possi

bilities, determine the actual nutritional needs 

of the growing world population. 

. ----

4.1 Yields versus frontiers 

The problem of increasing agricultural pro

duction revolves around several potential sources 

of output--increased yields, development of fron

tiers and unused areas, the oceans, and new types 

of food. Efforts should be made to lessen the 

food-population gap by all of these means. The 

controversy over yields versus frontiers should 

not be discussed in such a way that only one pos

sible solution is considered. Nevertheless, be

cause funds and available skills are limited, and 

because different areas have different potent~als, 

some countries will probably have to assign devel

opment priorities which focus on one rather than 

on both alternatives. 

4.11 Extension of agricultural land.~-As 

might be anticipated, there is some variation in 

the amount of land that is available for agricul

tural use throughout the world. The distribution 

is shown in figure 4-1. The proportions are ap-
I 

proximate, since the definition of terms is applied 

differently in various countries. 

Figure 4-1 . LAND-USE PA~RN BY REGION: 1969 

We,f.m Europe ..... . 

A,ia ....... .. .... ........ .. 

Lolin Amodeo ••.•..•. • :::;:::::::::::::: .:::~:::~~*~;;. ,.,. 
I I I I 

Ouonlo .... ............. ~::::::::::::::::::::::::::::::::::::::::::::::::::::::: :. 

o 20 40 60 80 100 
PERCENT 

Source: Man. Land. and Food. U.S. Department of AgM.<!Utture. 
Foreign AgricuttlU'at EC07ICIIIic Report No. 11. NaveJrllxlr 1963. 

~ are three basic problems affecting~he 

determination of land use: (a) the definition of -------what is arable or useful; (b) the cost and acce!§i---- --- - .- , .. _.-_ ... ' .-
b,i!ity fact~r .. ..and .(.c) sw;:1.o:-:-.2QV.~i£l!~ .c:?~~a-

tions and attitudes. If these are kept in mind, 

some of the estimates are not actually as different 

as they first might seem to be. For example, a 

number of analysts believe that the possibility 

of expanding the arable area in Asia is very 
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Figw'e 4-2. APPROXIMATE CROPLAND AREA OF THE WORLD 

(Arable, inc'tuding faUow, tree and bush crops) 

' .. , 
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~: A Graphic ~ of 1i01'td ~ltwN. u.s. o.pczrtlllmt of AgpicwltwN. 19/14. 

limited." Yet. according to Gunnar Myrdal. the 

Swedish econa.ist. the possibilities even for 

India are "by no aeans De81igible if methods other 

than traditional ones are used. ,,78 Since Myrdal' s 

state8eDt sUllests the need for huge inputs of 

capital and skills which are Dot now available or 

likely to be soon available in the required amounts. 

the two different views expressed above are in sub

stantial agrea.ent. Simdlarly. some observers feel . 

that Africa aDd Latin Allerica. with fairly exten

sive empty areas, are still not prime regions for 

expansion;.others do not agree. Yet there is 

basic accord on both sides. This is because there 

is no real dispute as to the existence of sOlIe 

unused arable land. The argument instead revolves 

?'U.S. Depar~nt of Aaricu1ture. ~.a in AgrioultwN in 26 
o.v.loping Ratione (Waah1natoD, D.C.: U.S. Gova~t Print1na 
Offica, 1965) p. v. 

I.eater R. Brovn. InoNaairtg 1i000td Food Output (Waah1natoD, D.C.: 
U.S. Govera.ent Print1n& Office, 1965), p. 4. 

United Nations, ECAFI! . Economic SUZ'IJell of Aaia and the Far Eaat, 
1964, p. 106, as quoted in Gunnar Hyrda1, Aaian~, p. 1261. 

71Gunnar Hyrda1. Aaian ~ (Barwlnd.-rth, Kidd1eaex, Ena1&nd: 
Pequin 8oolta, 1968), p. 1265. 

around the liaiting econoaic and social factors 

and the inaccessibility of soae of these areas. 

The Director General of the United Nations 

Food and Agriculture Organization. reflecting the 

organization's opinion in its Indicative World 

Plan (the main source of agricultural policy for 

the UN strategy for the Second Development Decade, 

1970-80), states that "better utilization of 

existing arable land is l~kely to prove more 

immediately rewarding in those regions than l«rge-

. f 1 d ,,'9 lit ·th t scale opening up 0 new an • t s rue a 

the developing nations have expanded grain area 

substantially--from 218 million hectares in the 

period 1948-1952 to 294 million hectares in the 

period 1966-1970. Much of this new land. however. 

may have been either marginal or costly to develop; 

nevertheless. the amount of available new land to 

be developed is becoming less and less. 

"Add.ke H. Boer... "" World Aaricu1tura1 Plan," in Food, ad. by 
J. Hoff and J. Janick (San Prancieeo, california: W.H. Pre_ , 
Co. , 1973), p. 222. 
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The point has been made that varied and costly 

support is needed for effective agricultural devel

opment. One study estimates that an expenditure 

of $28 billion per year would be needed to open 

new lands to take care of population increases. 80 

Thus, the calculation that the world has almost 

3.25 billion hectares of potentially arable iand8l 

must take into account the cost factor. In this 

regard, one source suggests that new lands are 

generally no longer available for development at 

reasonable costs.~ 

Approximate cropland areas of the world are 

shown in figure 4-2. As the map indicates, there 

are large land areas that are not now cultivated. 

However, there is some serious question as to how 

much could eventually be farmed, considering in

vestment costs and anticipated technology. 

Little more needs to be added to what has al

ready been said in regard to the non-technological 

problems involved in opening up new areas or in 

extending arable lands. Thus, although govern

ments and public opinion may favor this expansion, 

major migrations into new areas have usually not 

taken place and frontier development is not siz

able. This may reflect a general inability to 

support a continued effort to convert large areas 

for coaaercial agricultural use. One analyst sug

gests that land expansion normally cannot affect 

more than a small percentage of the farmers who 

need assistance.~3 

Expansion of agriculture into marginal lands 

usually requires the use of advanced techniques 

which can help farming to adapt to such undesir

able physical conditions as aridity, or cold. For 

example, attempts may be made to drain or irrigate 

land or to improve specific plant varieties, obtain 

greater response to fertilizer use, or develop 

early maturing crops. 

IOP.Il. Bbrl1ch ad A.B. Ehrlich. l'opuul1;iora. R._e. BrlviI"OPl
_t (S- Praciao" california: V.B. Pre_ • Co., 1970), p. 92. 

• I Prea1deut'. Sci..,e Advieory c-1ttee. 7'M I/ozoZd Pood PJoob1.Bm 
(waah1Daton, D.C.: U.S. Gove~t Print1D& Office, 1967). Vol. II, 
p. 434. 

• tU.S. Deper_t of Ap'iculture. 7'M I/ozoZd Pood BlldgBt. 1'10 
(Waeh1DatoD, D.C.: U.S. Gove~t Print1Da Office, 1964), p. 47. 

• 'Robert d'A. Sbav. "A lural _lo,....t Stratqy for South 
"'rica," Pocwe (March 1973). p. 2. 

One of the major diff1culti~ involved in 

expansion into new areas is the transfer of a 

plant or of a system of farming from one environ

ment and culture to another. A crop may not adapt 

well to the new climate or soil and .. y have little 

resistance to native types of insects and diseases. 

An imported system of farming may also conflict 

with local customs and habits. Livestock which 

are accustomed to certain conditions, as noted 

earlier, may not transfer easily either. Range

land in the tropics. for example. may not be as 

useful or desirable for high-yield animals as for 

native breeds. Finally. ecological problems may 

, arise when a new type of animal or plant is intro

duced into an area. 

In view of the foregoing. optimistic clai. 

about the agricultural capa~ilities for certain 

areas of the world must be examined cautiously. 

The tropics. for example. may indeed be one of 

the great 'untapped agricultural areas in the world; 

but the potential. considering the physical and 

cultural barriers and current technological levels. 

is yet to be determined. New plant varieties and 

new methods of fertilization. pest and disease 

control. soil conditioning. and water management 

must be found and adapted to different societies 

in order to ensure success. This is a slow and 

uncertain p~ocess. 

There is some evidence that increasing yields 

may often be a more effective agent in meeting ag

ricultural needs than opening new lands. Certainly, 

the rise in farm productivity from the same land 

areas in BOae countries in the past three decades 

has been remarkable. Between 1948 and 1966, culti

vated area in developed countries remained about 

the same. but yields rose about 40 percent ..... In 

reality, the addition of fertilizer and other inputs 

and new developments in plant genetics can be con

sidered the equivalent of opening up new lands. By 

contrast. cultivated area in· developing nations in

creased by about 34 percent. but yields rose only 

20 percent in the same period. as noted above. Some 

.. Add ... R. 1Ioene. "A World Ap'icultural PlaD," in Pood. ad. by 
J. Boff ad J. Jaoick (S- Praaciao, california: V.B. Pr_ • 
Co •• 1973), p. 221. 
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differences in this regard are evident within the 

developing nations. however. The crop area in 

India has been increasing at a decreasing rate; 

the new crop area is either costly irrigated land 

or is marginal land in which yields are lower 

than average. In Taiwan, on the other hand, area 

in rice has dec~ined in the past few years, but 

productivity has risen slightly. As a result of 

theae factors, only 30 percent of increased world 

production is expected fr01ll new lands, whereas 

70 percent is expected from higher yields. 8s De

veloping countriea, however, might experience a 

s01llewhat different pattern of increase since there 

are great differences among these nations. 

4.12 Increasing yields.--The possibility of 

expansion of agricultural land is good for some 

countries and poor for others. Nevertheless, most 

countries can hope to obtain higher yields in 

those areas where farming now takes place. The 

problems are many and varied. However, modern 

agriculture must be willing to accept change if 

yields are to increase. 

Soae analysts question the ability of the 

world to raise yields to the degree needed, assum

ing the present rate of population growth. 16 They 

note specifically the very great problems that 

subsistence farmers have met in trying to raise 

their productivity. Observers can point to the 

success of the Green Revolution, in this regard, 

but its impact has mainly been felt by the co~ 

mercial farmer rather than the peasant. 

Again, all of the factors mentioned in the 

section on agricultural development must be con

sidered in raiSing yields: holdings, tenure, in-
~. ----------

~ts, transportation, markets, training, services, - -.-- ---- --. .- . . ----.-.. ._-_ ...... 
etc. Figures 4-3A to 4-3D show the relationship 

between crop yields and literacy or income; they 

reflect the skills and inputs available to the 

farmer in the developed nation. as compared with 

his fellow agriculturalist in the developing world. 

• Su.s. Depar~t of .... icu1ture. TM /lOl'ld Pood Budg_t. 1970 
(W •• h1Daton, D.C.: U.S. Gov.~t Print1Da Office, 1964), p. 48. 

"P.P.H. IfcLeughlin. "Increasing Agricultural Output to Help with 
the Population ·Probla', .. in·Geography and A Croot.Idil1fl /lo"f'ld. ed. by 
V. Ze1inaky, L. Kosinski, and R.H. Prothero (Nev York: Oxford Univer
• ity Press, 1970), pp. 86-87. 
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Fi(JUPe 4-3A. INCOME LEVELS AND CHANGES 
IN RICE YIELDS 
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Figure 4-3B. INCOME LEVELS AND CHANGES 
IN WHEAT YIELDS 
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Figure 4-3C. LITERACY LEVELS AND CHANGES 
IN RICE YIELDS 
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Figure 4-3D. LITERACY LEVELS AND CHANGES 
IN WHEAT YIELDS 
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Source: Increasing World Food Output. U.S. Department of Agriaulture. 
Foreign Agriaultwral Econcmic Report No. 25. April 1965. 

Implied here is a production stimulus as well. 

That is, output in the final analysis depends upon 

the decisions and actions of the farmer who may 

take action as a result of cultural inf~uence, 

government policy, costs or prices. Essentially, 

reference is made to commercial operators and 

those subsistence farmers who regularly sell crops 

and animals off the farm. There is no clear evi

dence that a price rise can increase productivity 

among peasants. Subsistence farmers have to be at 

what one analyst calls the "yield-takeoff" stage 

_in order to be motivated by market considerations. s7 

This, in turn, would necessarily require a higher 

level of living, a market orientation, diffusion 

of new techniques, and the development of the non

agricultural sector. ss Getting the subsistence 

farmer to this point is a slow process and there 

is no assurance of success. 

;~( Jiasical!.~~mic demand rather than need 

f~ non-subsistence production. ----- -
Commercial farming is a business in which costs 

are incurred and in which debts must be paid. This 

situation is somewhat: different from that of the 

tenant farmer who is constantly in debt to the 

land owner--a condition that is almost feudal in 

character and not particularly money-oriented. 

For commercial farming, the price factor must be 

"Lester R. Brown. Increasing World Food Output (Washington. D.C.: 
U.S. Government Printing Office. 1965). p. 109. 

o '.!l!!!!.. p. 114 • 

involved in order to provide sufficient incentive 

for raising yields. On the other hand, the ability 

to reach peasants and raise productivity in the 

same way appears to be limited to a great degree. 

Due to major differences between commercial 

and subsistence farming, it is often hard to deal 

with world production and yield estimates and 

projections. The potential for increasing com

mercial farm productivity in developing countries 

is often fairly good. If problems occur, they 

often involve market demand and costs rather than 

production. At the other end of the scale are the 

peasant farmers who have little association with 

the market economy. Apparently, the ability of 

nations to change this situation in the near future 

is somewhat limited. Between the cOlIIDerc!"al farmers 

and the pure subsistence farmers are those ~ub

sistence farmers whose operations have some cOlIIDer

cial aspects. The ability to raise yields in this 

group is mixed but the potential in some cases is 

rather good if funds, training, transportation, 

irrigation, management, markets, and inputs can be 

established. 

4.13 Substituting foods.--Figure 4-4 shows 

the degree of efficiency of converting feed to 

edible animal carcass, then converting to edible 

protein. Since animals are inefficient producers 

of calories, the Uni~ed States has managed to in

crease yields in part by substituting vegetable 

for animal products. This includes production of 

a wide range of non-dairy product substitutes and 

the use of soybeans consumed in various forms. 

On the other hand, the potential for increased 

use of grazing land in developing countries may 

often be good if transportation is easily available. 

Thus, even though these types of operations may be 

extensive rather than intensive, such development 

should not be ignored in considering the possibil

ities of increasing output. Animal care and 

breeding and rangeland control could also raise 

production levels. The potential for increased 

trade through increased livestock production 

should be considered since products with high

income flexibility, such as beef, can serve as a 

welcome source of foreign exchange. 
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Figure 4-4. CONVERSION OF FEED . ro EDIBLE PROTEIN 
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S0W'C6: Tlul WOl'ld Food Problem, Volume II. A Repol't of tlul 
P1'e8ident'8 sdence Acivi801'!( COfIf'Iittee. May 1967. 

4.2 Multiple cropping 

Multiple cropping is the cultivation of more 

than one crop on the same plot of land in one year. 

It is sometimes referred to as succession cropping 

(cultivating a crop then planting the same or 

another crop for harvest during the same year). 

Multiple cropping must be considered sepa

rately from that type of farming which focuses 

solely on one crop per year. It mayor may not 

raise yields per unit of area, but it does increase 

total production, total yield, and total area under 

cultivation. 

The extent of multiple cropping is limited by 

physical conditions. Normally, it is found in 

irrigated areas and in areas with long growing 

seasons. It may also be part of the agricultural 

practices of areas with wet~dry climates. Rota

tion of summer crops and wheat in Mediterranean 

areas and kharif (wet) and rabi (dry) crops in 

India and Pakistan might serve as examples. Yield 

per crop in these cases may not be high, but total 

annual yield per hectare can be constderable. In 

. .• ___ ___ __ - __ .. __ ______ . ___ o-

J 

India, for example, the output for non-irrigated 

areas is about the same as for irrigated areas. 

(However, low figures for irrigated areas may 

reflect inadequate facilities and inputs.}89 

The amount of land involve~ in multiple crop

ping varies, but it is often over half of the crop

land in some countries--such as Japan, South Korea, 

and Egypt. Multiple cropping is valuable not only 

because it increases output but also because it 

helps solve the farm labor problem to a degree. 

It provides more employment, helps reduce seasonal 

unemployment and under-employment, and makes fuller 

use of draft animals. In fact, supporters of mul

tiple cropping maintain that it could create more 

employment for rural areas than industry.9o 

Multiple cropping requires efficient manage

ment as well as a favorable environment. Like 

other forms of agricultural development, it also 

involves the usual number of additional inputs 

(production of fertilizer, transportation, storage 

and marketing facilities). The attempt of the 

People's Republic of China to increase yields 

failed during the period of the Great Leap Forward 

in large part because such needed inputs were not 

available. It is sometimes suggested that each 

commercial farmer has a number of people working 

in non-agricultural sectors to help increase his 

output; without the nan-agricultural contribution, 

the farmer's production would fall. 

In calculating outpu~, the economist Colin 

Clark refers to "standard land" units as a base. 

These units produce one crop per year. Drier or 

more humid areas are counted as more or less than 

one unit depending upon the degree of falla..·ing 

or the number of crops grown per year by means of 

multiple cropping. There are now 1.4 billion 

hectares of cultivated land. Applying a maximum 

coefficient to the tropics, Clark concludes that 

the earth has a potential of 10.7 billion hectares 

of standard land. 91 Another study estimates a 

• 'Dana G.Da1r}'1lple. Surve!l of Nwttipte C1'opping in Len Developed 
Nations (Washington, D.C.: U.S. Govera.ent Printing Office, 1971), 
pp. 68-69. 

, 0 Ibid, pp. 45-46. 
'ICo11o Clark. Population G~th and Land U8e (Nev York: 

Macmillan Co., 1967), pp. 143-144 • 
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Country 

PERCENTAGE OF TOTAL 
WHEAT AREA PLANTED IN HYV 

Asia: 
Afghanistan •••••••••••••• 
Bangladesh ••••••••••••••• 
India ................... . 
Iran .................... . 
Iraq .......•.••••...•.... 
Jordan •.••..••..•......•. 
Lebanon •••••••••••••••••• 
Nepal ................... . 
Pakistan ................ . 
Syria •••••••••••••••••••• 
Turkey •............•••.•. 

Africa: 
Algeria ................. . 
Morocco2 ••••••••••••••••• 

Tunisia ................. . 

PERCENTAGE OF TOTAL 
RICE AREA PLANTED IN HYV 

Asia: 
Bangladesh ••••••.•.••••.• 
Burma. •••••••••••••••••••• 
India ................... . 
Indonesia •••••••••••••••• 
Korea (South) •••••••••••• 
Laos •••••••• • , •••••••••••• 
Malaysia ••••••••••••••••• 
Nepal ••.•.••.•.••..•••... 
Pakistan ................ . 
Philippines •••••••••••••• 
Sri Lanka •••••••••••••••• 
Thailand2 •••••••••••••••• 
Vietnam (South) •••••••••• 

*Negl1gible. 

1.0 

19.6 

0.3 

* 12.9 
16.0 

2.1 

* 0.1 

0.7 

* 4.9 

0.2 
20.6 

0.3 
19.8 

* 

5.2 
7.2 

30.0 
0.2 
2.0 
4.0 
0.7 

25.9 
38.0 

7.0 

0.3 
1.8 

1.6 
3.3 
7.3 
2.4 

0.3 
20.1 
3.7 

19.8 
30.42 
1.0 

1.6 

6.2 
7.6 

,29.6 
2.1 
9.6 
4.1 
4.1 

33.5 
43.0 

7.6 

2.2 
2.5 
7.1 

2.6 
2.9 

11.5 
10.3 

0.2 
26.4 
4.4 

29.9 
43.5 
3.9 
0.1 
8.3 

lBased on 1971/72 HYV (high-yield variety) area. 

10.7 
11.3 
35.5 
6.3 
9.0 
4.0 

11. 7 
43.0 
52.3 
4.3 
7.8 

6.7 
4.8 

10.7 

4.6 
3.6 

14.9 
11.2 

6.0 
30.9 
5.8 

36.6 
50.3 
4.4 
1.5 

19.9 

13.3 
11.8 

·41.1 
6.4 

45.2 
5.0 

18.8 
50.6 
56.7 
6.8 
8.0 

14.5 
10.0 

6.0 

6.7 
3.6 

19.9 
15.9 
0.2 
3.3 

35.7 
6.3 

50.0 
56.3 
4.2 
4.0 

25.9 

18.4 
17.7 
51.5 
6.9 

22.9 
10.0 
31.3 
65.8 
55.9 
21.2 
8.0 1 

27.9 
13.4 
10.4 

11.1 
4.2 

24.7 
18.0 
15.6 
5.5 

38.0 
14.8 
43.4 
56.32 
2.5 
4.9 

32.1 

"~en Revolution" was 

created to describe a 

~~~~~I!L!!!. 
i~_~~in8 ~~.~t .!p.Ltlce 

y!_~.lda-. The new seed 

varieties were particu

larly responsive to fer

tilizer. matured early. 

and did not fall very 

easily. Area planted in 

high-yield varieties rose 

rapidly in a number of 

countries. as shown in 

the accompanying table. 

The output of wheat 

and rice production in 

these countries also ~as 

gr,atly raised. For ex

ample. India increased 

its wheat production from 

11 to 27 million tons in 

the period 1965-72. As 

2Based on unofficial estimates of HYV (high-yield variety) area. 

a result. despite later 

destruction due to the 

monsoons. India did not 

have to import as much 

wheat as it previously 

did. Similar advances 

were made in rice culti

vation. The International 

Rice Research Institute SOUZ'tHI: DBwlopmBnt and SpNad of lIigh-YuZdirtg VCZl'ieties of flMat and RiDe in the uss 
DBwt~d Nations. u.s. ~t of AgJ'lowttuN. FONign AgJ'lowtturat EOOPICIIIic 
Report No. as. Jut!! 1974. in the Philippines experi-

maximum total cropped area of 6.6 bill~on hectares. 

if multiple cropping is counted. 92 Even if these 

figures are overly optimistic. it appears as if 

the potential for increased production through 

multiple cropping in some areas is favorable. 

4.3 Green Revolution 

There have been a number of impressive suc

cesses recently in developing high-yield varieties 

of certain plants. In the late 1960's. the term 

,. Pr.e1deat· e Scieace Mvieory eo..itt... T1w IIopZd Food l'Pobl4m 
ewaehiqtoD, D.C.: u.s. ~.rn.ent PriDtiq Office, 1967), Vol. II, 
p. 434. 

mented with seed which was later successfully used 

in a number of countries. The PhUippinea managed 

to become self-sufficient in rice for a short time. 

The result was that increased output permitted a 

longer period in which attempts could be made to 

decrease human fertility and bring the population

food ratio into better balance. 

In spite of the advantages. many probl_ 

have been created by introducing miracle strains 

(high-yield varieties) of wheat and rice. 

(1) The new seeds require an adequate and de
pendablesource of water and large amounts 
of fertilizer. Thus. Turkish wheat farmers 
along the humid coast of that country 
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profited from introduction of the new strains, 
but farmers on the drier Anatolian Plateau 
did not. 

(2) Although the new varieties could be used by 
all, the larger-scale farmers usually have 
the means to put them to better use. This 
is due to the fact that they have more re
sources available to them--funds, credit, 
instruction, services, fertilizer, and irri
gation facilities. The subsistence farmer 
does not benefit particularly from the in
troduction of new seed. In fact, in some 
cases, land values rise and poor tenants 
become displaced. 

(3) This point stems from the second. As has 
been mentioned, a wide range of services 
and inputs must be involved in improving 
overall farm conditions. Without them, 
only the prosperous farmer can gain from 
the introduction of a new seed variety, 
fertilizer, or other technological de
velopment. 

(4) It has been difficult at times to transfer 
successfully the high-yield varieties to 
new physical and cultural environments. 
For example, new strains of rice have not 
adapted well to Indian climate and soila. 
Similarly, some varieties do not easily 
resist pest and disease attack. Regarding 
cultural factors, there are particular 
taste, cooking, color, and processing 
qualities that are not thOUght to be desir
able characteristics in some countries. 
Therefore, aome rice types were rejected in 
Asian countries; and Mexican red wheat vari
eties met resistance from users in India 
and Pakistan, who preferred amber-colored 
varieties. 

In addition to new seed types, there are pos

sibilities of incressing the geographic spread of 

certain plantae Hybrid corn will probably be 

adopted increasingly for use in Southeast Asia 

and in Kenya and other parta of Africa. Soybeans 

are being introduced into Venezuela and other 

tropical areas. Sorghums will doubtless also 

spread to a greater degree in semi-arid areas of 

the world. 

Two conclusions should be drawn about the 

Green Revolution. First, despite many problems, 

production has risen in some countries and eased 

the food shortase. This is certainly a help to 

those countries trying to feed growing urban popu

lations. Second, new technology in the field of 

farming can generally help only those who have 

land, capital, skills, and price incentives. The 

new wheat and rice seeds produce no IDOre than the 

traditional varieties unless fertilized and irri

gated. Thus they cannot be used readily by the 

poor subsistence farmer. As a result, there is a 

tendency for the rich farmer to become richer and 

the poor farmer to become poorer. Yet, as one 

study puts it, "The transition from traditional 

farming to modern agriculture will be difficult 

and expensive for the hungry nations, but it is 

absolutely essential if their food needs are to 

be met. There is no alternative."" 

4.4 Marine husbandry 

The oceans and inland waterways are sometimes 

regarded as major sources of food for the future. 

Estimates for total sustainable annual harvest 

from the sea range from under 100 million to about 

2,000 million tons (compared with a present har

vest of roughly 60 million tons).9~ Usually, the 

high estimates assume that means will be found to 

harvest forma of marine life which are presently 

untouched or under-utilized and are often far down 

the oceanic food chain. It is not clear whether 

an estimated 1- or 2-billion ton catch is actu

ally feasible. As for the near future, it would 

appear that a well-managed and controlled world 

fishery might possibly yield up to 150 to 200 

million tons by the year 2000. 95 Beyond this 

point, it is uncertain whether there can be an 

increase in catch without decreasing supply. 

There are a number of unknowns' regarding fish 

life. Estimates of fish catch are very uncertain; 

moreover, only several dozen out of thousands of 

species of fish are used by man, either directly 

or indirectly. 

A great deal more information would have to 

be obtained "about marine life and processes before 

an accurate assessment of its potential can be 

made. For example, areas of gushing of nutrient 

rich cold water to the surface encompass only 0.1 

percent of the ocean surface; yet they furnish the 

• 'Pr .. id.at'. SciMlC. Advlllory eo..1tt... TM Jlorld Food l'I'obt.w 
cwa.htoltoo. D.C.: U.S. Gov.ra.eot PrtotiD& Offie •• 1967). Vol. I. 
p. 19. 

·'Ibid. Vol. II. p. 346. 
tsS.J. Holt. "rood 1e8OUre •• of th8 Oc .. a." to TM 00_. a 

Saifll'ltifio Amel'ioan Boole (Sa rr.ocllleo. C81iforota: W.B. Pr.au 
, eo •• 1969). p. 100. 
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world wit: almost half of its fish catch. B, con

trast, 90 percent of the surface supplies only 1 

percent of the catch; this area mayor may not be 

a biological desert, but it is in large measure a 

statistical desert. 96 

Time and place of gathering of fish vary from 

year to year and the reasons for the differences 

are not clear. Yet, despite such conditions, the 

possibilities of overfishing are high. In the 

North Atlantic, for example, haddock and ocean 

perch stocks are down; salmon have all but dis

appeared; and cod have been fished beyond the 

point of maximum sustained yield. 

Approximately 1/10 of the world catch is from 

inland waters and the remainder from oceans and 

seas. If data were available for subsistence 

fishing, the figure for inland waters would un

doubtedly be higher. 

Fish catch has increased by about "7 percent 

per y~ar for the past "decade. Despite this in

crease, recent catches of over 60 million tons 

supply only about 1 percent of the total world 

caloric intake and 10 percent of the protein con

sumed. Moreover, by the year 2000, it is antici

pated that ocean areas could supply not more than 

3 percent of the caloric requirements. The sig

nificance of the increase would lie mainly in the 

fact that it could produce about 1/3 of the world's 

protein requirements. 97 Presently over half of 

the harvest is consumed directly by humans and the 

remainder is processed into fish meal and used as 

fodder. Probably the proportion of the total 

world catch consumed directly by.humans will in

crease somewhat in the future. 

As might be expected, marine food is much 

more important in some areas than others. Fish 

makes up more than half of the daily animal pro

tein consumption for about 1 1/2 billion people. 

This contrasts with the fact that 2/3 of the world's 

meat and milk supply is consumed by only 600 million 

• 'G.B. Pinchot. ''Marine Farming," in Food, eel. by J. Hoff and 
J. Janick (San Francisco, California: W.H. Fre ... n & Co., 1973), 
p. 242. 

• 'W.E. Ricker. "Food from the Sea," in National Academy of 
Sciences - National Research Council, Committee on Resources and Man, 
Resources and Man (San Francisco, California: W.H. Freeman 6 Co., 
19(9), p. 87. 

people. Per capita intake of meat and milk is 

higher, however, than that of fish. Nevertheless, 

half or more of the animal protein consumed in 

Thailand, Indonesia, Portugal, and Japan comes from 

fish. The importance of fishing can perhaps be 

measured by the fact that for some countries the 

amount of arable land would have to be increased 

substantially if it were necessary to find a sub

stitute for the protein now obtained from fish. 

For example, the percentage of additional arable 

land which would be needed to replace the protein 

from fish would be 120 for Jamaica, 113 for Taiwan, 

75 for Belgium, and 59 for South Korea. 98 

Ocean farming on a large scale is not yet 

possible for a variety of reasons. As mentioned, 

there is a lack of knowledge about the,biological 

processes in oceans. Furthermore, it is difficult 

to raise free-swimming species, such as tuna, which 

may have a range of hundreds of kilometers. It is 

assumed that this type of farming would not only 

involve breeding, but cultivation of feeding areas, 

including control of undesirable plants, pests, 

and disease. It would also doubtless require the 

enclosing of waters at river mouths and the move

ment of stock from breeding to fattening areas. 

This, in turn, would require some political agree

ments regarding fishing rights in open seas. With

out certain safeguards, it is likely that little 

effort would be made to breed and fatten fish which 

live part of their lives in open waters and can be 

caught by anyone. 

Lack of knowledge and lack of control of the 

open-sea zone has probably resulted in some over

fishing in certain coastal and fresh water areas. 

Despite this, proper ,conservation measures could 

probably raise output considerably, particularly 

in inlets and marshes and in inland fisheries. 

Such areas are a major source of food. Swampland, 

for example, can at times supply more protein per 

hectare than comparable land used to raise domesti

cated animals. In addition, the protein potential 

from shellfish farming is very promising, provided 

• ·Georg Borgstrom. "New Methods of Appraising the Role of 
Fisheries in World Nutrition," in Economic Geoi/raphy: Se~ected 
Readini/s, ed. by F.E. Dohrs and L.M. Sommers (New York: Thomas Y. 
Crowell Co., 1970), p. 158. 
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pollution and problems of enemy attack can be over

come. Pond culture in inland areas sometimes prq

duces yields of 30 to 50 tons per square kilometer. 

depending upon the species and area. Results are 

comparable to those obtained from grazing on fer

tilized pasture. Furthermore, the potential for 

expansion of area is good. For example. it is 

estimated that 37 million hectares of inland 

waters could be used for fish cultivation in the 

Indo-Pacific area alone. 99 

Fish may be fed on other fish. on grains. or 

on crop and animal wastes. About 1/4 of all paddy 

{wet rice} area is also used for fish cultivation. 

Since feed comes mainly from outside the pond. the 

figures for yields obtained {in kilos per hectare} 

may be slightly misleading. However. fish from 

flooded fields constitute an important supple

mental source of food in Asia. 

Some of the problems related to fish farming 

basically involve market considerations rather 

than sources of supply. Without refrigeration, 

quick freezing. and other processing techniques. 

and good distribution systems, the market would 

be restricted in area. Many inland areas. or 

regions distant from centers of supply, could not 

depend on fish as a source of food. Processing. 

transportation. and middle-man functions also 

would raise the price of the product and thus 

remove a large part of the market population that 

does not have enough purchasing power. Finally. 

taste and other considerations may also influence 

patterns of consumption. 

4.5 New sources of food 

Much research into new sources of food has 

taken place within recent years. Generally. this 

research falls into two categories. The first is 

concerned with ways to increase yields by use of 

complex agricultural techniques. The second 

concentrates on non-conventional. completely new 

sources of food. Each has promise. although prob

lems of distribution and acceptance must be met. 

"u.S. Depart.ent of Aaricu1ture. 7'h8 lIozold Food Bwlgflt, 1970 
(Waab1D&ton, D. C.: U.S. GoverODent Printing Office, 1964), p. 69. 

I 

Ways to increase production are being explored 

through experiments with the following: development 

of hybrid strains of plants without conventional 

bisexual pollination; cultivation of crops in 

saline soils; speeding up the process of photo

synthesis; and growing crops in a liquid rather 

than on a soil base. Some investigation has also 

been undertaken to determine the possibilities of 

breeding certain wild grazing animals in marginal 

types of areas. 

Work on new. synthetic sources of food is 

still mainly in the research stage.- Experiments 

are being conducted to determine whether protein 

can be processed in digestible form and in suf

ficient quantity from certain plants. various 

types of leaves. and immature flowers. There is 

also some anticipation that wood pulp can, in the 

future, be converted into edible carbohydrates. 

High-grade protein has been produced in the 

past few years by micro-organisms growing on a 

diet consisting mainly of petroleum hydrocarbons, 

methane gas, or cellulose. Generally. hydrocarbon 

and carbohydrate yields by weight of dry cell ma

terial are equal to or less than that of the 

original material. Because of probl~ created 

by energy shortages. this potential source of 

food may not be used in the quantities originally 

anticipated. Its merit l~es partly in the fact 

that it can be produced without concern over the 

effects of climate and soil. The work is still 

experimental. 

Fungi are apparently not particularly suit

able as sources of protein.-and the use of algae 

is restricted because of costs. digestibility. and 

toxicity. Nevertheless. yeast and bacteria may 

have some potential. It is calculated that 450 

kilos of yeast can produce 100.000 tons of pro

tein in 24'hours. whereas a steer weighing 450 

kilos can add only 0.4 kilos of protein within 

the same time. 100 This work, too. is in the ex

perimental stage. 

100 Bana B. Landaberg. "Population Crowth and the Potential of 
Technology," in lIozold PopuZation--7'h8 VifItJ Ahead. eel . by R.M. Parlier, 
J.D. Long, and C.J. Stolniu (Blooa1ngton, Indiana: Indiana Univer
aity Pra.a. 1968), p. lS6. 

"~igitize byGoogle 



84 AGRICULTURE AND POPULATION: World Perspectives and Problems 

Figure 4-5. DIET-DEFICIT SUBREGIONS: 1970 

Souro.: The Wozold Food Budget. 1970. U. S. Depazot:ment of Agricultul'e. FON1.grt Agricultll1'al Economic Repozot No. 19. Oot;obezo 1964. 

There ar~ two major problems regarding devel

opment of new foods. First is the matter of cost. 

If the cost is high, then the developing nations 

would not be able to afford it. Second, the re

search and experimentation in processing techniques 

are carried out mainly by the developed countries. 

This presents some difficulty in transferring the 

findings and technology in an acceptable manner 

to nations with somewhat different physical and 

cultural conditions. 

4.6 Nutritional needs 

The United Nations Food and Agriculture Or

ganization estimates that 20 percent of the popu

lation in developing countries are undernourished 

(have too little food) and 60 percent of the popu

lation are malnourished (eat the wrong types of 

food). Colin Clark, the economist, disagrees with 

these calculations. 101 The point, however, is that 

IOIColin Clark. Population Gzoowth and Land Use (Nev York: 
Mac.illan Co., 1967), p. 124. 

while data may not be reliable, large numbers of 

people either lack sufficient food or are on tm

posed diets that are qualitatively deficient (see 

figure 4-5). 

Hunger and improper nourishment retard pro

ductivity and economic development. They con

tribute to high mortality rates, reduce resistance 

to disease, reduce the capacity to work, and can 

result in reduced mental efficiency and in emo

tional and personality problems. Children appar

ently obtain lower scores in intelligence tests 

as a result of under-nourishment. Little appar

ently can be done in later life to repair brain 

damage sustained by poorly nourished children. 

It is misleading to think of nutritional needs 

only in terms of calorie and protein requirements. 

Vitamin A, the complex of B vitamins, vitamin C, 

plus other vitamins and minerals all are important 

and necessary ingredients in a well-balanced diet. 

For example, deficiency diseases are often the re

sult of a lack of vitamins in tropical Africa. 
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Data for nutritional evaluation are not as 

useful as they could be because they focus on 

agricultural production rather than consumption. 

As a result, food surveys often lead one to be

lieve that protein shortages in some countries 

should not exist. These data, however, do not 

usually consider food intake, which may be lower 

than production per capita due to various types 

of losses and waste. Moreover, if the output 

appears adequate. it is then often wrongly assumed 

that additional food should be shipped into areas 

with actual crop shortages or failures. The ef

fects of poor or inadequate storage, lack of trans

portation, and unequal distribution are thus not 

always taken into account. As would be expected, 

there are wide differences in food intake by area. 

and also by income class; these differences are 

not reflected in national production averages. 

(See figures 4-6 and 4-7 for country averages.) 

Food and nutrition demands vary according to 

age, sex, stature, and climate zone. For example, 

children, prejplant women, and nursing mothers need 

proportionately more protein than the average per

son; the average Indian weighs 15 percent less 

than the average Malaysian, and the average Viet

namese weighs 40 percent less than the average 

Uruguayan; people in sub-Arctic areas require a 

higher percentage of fat in their diets than people 

in temperate zones. There is, however, some con

troversy over the impact of temperature. Some 

claim that caloric intake in the tropics, for ex

ample, should be increased rather than decreased, 

because of the higher energy cost of work. 102 

It is difficult to measure or compare caloric 

and nutritional needs on the basis of intake in 

many developed countries. This is due mainly to 

widespread over-eating in those areas. Therefore, 

standarized averages necessarily would reflect 

~t is considered normal within a specific region 

or country. 

Food consumption is governed not only by its 

availability, but also by custom and taste. Most 

people do not clearly understand human nutritional 

I • I Pre.1d8llt'. Scieace Advll10ry eo..1tt... 7'M .lIorId Food PI'obZ
~.h1D&toD, D.C.: U.S. GoverueeDt PriDtiDI Office. 1967). Vol. II, 
p. 46. 
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Figurte 4-6. INCOME AND FOOD ENERGY SUPPLY 
PER PERSON 
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Figure 4-7. INCOME AND TOTAL PROTEIN SUPPLY 
PER PERSON 
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needs and therefore may not challenge traditional 

methods of food preparation or try to improve the 

quality of their diets. Accordingly, food supple

ments must be in a form and flavor which people 

will accept. It is also desirable to avoid pre

senting the new food as a specialized product to 

be consumed only by the poor. 

Cereals provide over half of the per capita 

average energy intake in the world. The remainder 

is divided evenly among livestock products, fruits 

and vegetables, potatoes and other tubers, animal 

fats and vegetable oils, and sugar. Nutritional 

deficiencies are particularly serious in those 

countries where single foods provide the main 

source of food energy. 
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Probably on~ of the most critical elements 

in a balanced diet is the amount of protein 

consumed. For example, the average male requires 

a protein intake of about 14 percent of his food 

consumption. 

The protein content in plants is surprisingly 

large. Annually throughout the world, about 20 

million tons of protein is left as residue after 

oil is extracted from soybeans, peanuts, cotton

seed, and sunflower seed; this is twice the world's 

current protein deficit. Peas, beans, and soy

beans contain fairly high proportions of proteins. 

Nevertheless, plant proteins do not have an amino 

acid type of composition necessary for human needs. 

For this reason, lysine enrichment of corn, which 

involves a high amino content, may help solve the 

pro}Jem in the future. At present, cereals pro

vide 70 percent of the total available protein to 

persons in developing countries. 

Heat, dairy products, fish, eggs, and poultry 

are prime sources of essential amino acids. The 

major problem is to find some way to provide pro

tein derived from these sources to populations in 

developing countries. One solution is fish pro

tein concentrate, which can be used as a protein 

additive. However, a large investment is necessary 

for plant and machinery, and there is some loss in 

quality of product during processing. Adding 

nutrients to c~real grains is cheaper, although 

the product cannot supply all of the protein needs 

of children. Incaparina, a protein supplement in 

powder form, is marketed successfully in Latin 

America. 

The search is thus continuing. It seems 

fairly certain that, whatever the technological 

success, each nation will have to adapt to it in 

its own way and find its own means to distribute 

the new products equitably and uniformly. 

5. SUMMARY 

The concept of a resource is often vague. A 

resource is defined as such only if it is so identi

fied and used by man. Use, in turn, depends upon 

the available technology and on man's perceptions 

and motivations--economic, social, and political. 

It is normally not possible to determine the 

degree of balance between population and resources 

within an area using optimum population concepts and 

density measures. This is because many of the fac

tors involved are difficult to evaluate and are 

often subject to judgment. Nevertheless, use of 

the concept and the measures persist since there 

is a felt need for some evaluation of this kind. 

There are several ways in which the resource 

balance regarding food can be corrected. ~xten

sion of the agricultural area is not always as 

effective or productive as are efforts to raise 

yields or increase the amount of multiple cropping 

within an area. However, each country muat deter

mine its own policy in this regard. Advocates of 

raising yields by means of some type of Green 

Revolution technique should be aware that any 

new technological device is basically no better 

than the people who uae it. In other words, the 

new knowledge and material can be used effectively 

mainly in an area which is economically, socially, 

ana politically receptive to it. For this reason, 

the wealthy, large-scale commercial farmers gener

ally are able to benefit from high-yield varieties 

to a greater degree than are the subsistence 

farmers. Marine farming and new sources of food 

may add to world food supplies, but these sources 

are limited by such factors as depletion, costs, 

customs, and inability to distribute new products 

uniformly within countries. Lastly, more research 

and data are necessary on nutritional needs and 

food consumption. Without such information it is 

difficult 'to measure specific nutritional needs. 
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The objective of this document has been to 

put man and his agricultural base into proper 

perspective. This is a complicated matter, and 

the problems that were presented do not have easy 

or simple solutions. Louis Pasteur, the French 

scientist, once said that, "He who only possesses 

clear ideas is assuredly a fool." 

The attempt here was not to highlight problems 

and criticize any solutions, but rather to point 

out that new scientific and technological endeavors 

should not be looked upon as anything more than a 

means to be used in reaching an objective. More 

often than not, the innovations must fit into a 

forced pattern, rather than vice versa. In other 

words, the innovation must be adapted to the envi

ronment and culture into which it is introduced. 

Thus Simon Kuznets, the economist, very pointedly 

argues that the technological ability to increase 

agricultural production has to be closely linked 

to the political, social, and economic institutions 

of the area. 103 

In accordance with this discussion, it also 

should be noted that, although time is very im

portant, it seems improbable that most nations 

can achieve a better population-food balance 

quickly. New technologies can be introduced 

quickly, but institutional changes take more time. 

Similarly, it can be ~ointed out that new 

ideas should be adapted to the physical as well 

as to the cultural environment. People's percep

tions, adaptation to ecological limitations, use 

of land area to raise yields. and development of 

new arable areas must be based on an intelligent

understanding of the relationship between nature 

and man. 

For many of the developing nations, the focus 

of the attempts to correct the population-resource 

imbalance has involved a concentration of effort 

on some form of population control and on increas

ing agricultural production. This does not neces-

10 'S_D IuzDeU. "Bc~c Capacity aDd PopulatioD Growth," 10 
lIorld Popu14tiort--Ths ViAl AMad. eel. by \l.lI. Fal'Mr, J.D. LoDg, 
aDd G.J. StolDltz (BlooalDgtoD, lDdiaDa: IadiaDa UGlveralty Prea., 
1968), p. 84. 
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sarily mean that all nations particularly favor 

population control. or that improvement in agri

culture has been the only objective in their ef

forts at economic development. Nevertheless, a 

major attempt has been made by many countries to 

improve their status by directly attacking the 

problems arising from an unbalanced man-food ratio. 

The task is a difficult one and the results may not 

always appear to be propo~tionate to the need. 

In dealing with the problem, there is an un

fortunate tendency to separate the efforts into 

categories, despite the fact that population growth 

and food supply are closely rel;ted. A major pro

gram of agricultural development certainly should 

consider population factors. Focusing on the agri

cultural problem in rural areas without considering 

local population aspects would be as misleading as 

concentrating on population problems in urban areas 

without considering how agricultural production can 

affect city life. 

An attitude that arises in the attempt to im

prove the population-food balance is the tendency 

for people to think that their personal decisions 

count for very little. In both family planning 

and in farm improvement programs, people must 

somehow be convinced that their individual actions, 

when taken together, can make the effort a success 

or a failure. For this reason. continuing infor

mation and publicity campaigns should be considered 

to be important parts of the program. 

Finally, the point should be made that the 

developing countries are faced with the need to 

develop their own resources. It is unlikely that 

imports of food can at all times supply the major 

portion of the needs of the hungry natioDB. 

The goal of this document has not been to de

velop and suggest solutions to the many problems 

of population and land pressure in the world. Its 

objective. in a small way, is to provide the 

reader with an informational framework which he 

can use in evaluating environmental. population, 

and agricultural problems. This objective assumes 

that sudh a framework is a necessary characteristic 

of competent and effective decision-making. 
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DISCUSSION TOPICS 

ChapteZ' 1. MAN AND THE LAND 

1. In 1968. Brazil announced its intention to develop the huge Amazon rainforest region so it would 
become the "breadbasket" of the world. What ecological .changes might result from this development? 
How could theae changes be controlled? 

2. Historically, the British have been considered to be a nation of seafarers. Accordingly, they have 
been said to have a marit1me outlook. Some explain this behavior by the fact that the British live 
on an island. The Irish. however. have not been very sea-mindedj nor have the Japanese been consist
ent in regard to their orientation to the sea. What influence does a country's location have on its 
people? What factora might outweigh that influence? 

3. Assume that the common boundary line between two neighboring countries runs down the middle of the 
main stream of a river basin that has great potential for development. What factors must be con
sidered to achieve an efficient development of the area? 

4. At a United Nations conference on the environment. some participants maintained that developing 
countries trying to industrialize cannot make pollution control a primary goahwhen so many of 
their people are poor and hungry. What logical arguments can be made to oppose that view? Is 
the issue necessarily an "all or nothing" proposal? How is pollution defined? 

5. Huge sums of money continue to be invested in the construction of dams throughout the world. What 
are some of the ecological problems associated with dams? Can building of dams be justified? 

ChapteZ' 2. POPULATION FACTOR 

1. Many rural population concentrations are found in areas that do not have particularly fertile soils-
in sub-Saharan Africa. for example. Why would people locate and remain in such areas? 

2. A former president of Brazil. in urging the establishment of a new inland capital city and the 
development of frontier areas, wondered why so many people along the coast continued "to stare 
fixedly at the sea. as 1£ they were planning to depart." What kind of social and institutional 
problems might be faced in urging people to move into frontier zones? What type of assistance 
is needed to support new settlers in such areas? 

3. Describe the extent of the "city region" around the capital of your country. How would the boundary 
of this city region be determined? 

4. What is a rural population? What criteria would be used to define "rural"? Compare the numbers and 
the characteristic~ of the rural population in your country with the rural of other countries. 

S. What effective measures could be taken to slow down the migration from rural to urban areas? 

'6. Why is the ecumene (area of the largest concentration of population) in most countries located 
close to the coast? 

I 
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Chaptero 3. AGRICULTURE 

1. What area in your country has the best potential for attracting agricultural processing industries? 
Why? What steps are being taken to realize that potential? 

2. Consider this statement: "Agrarian reform infers a drastic revision in the patterns of income 
distribution., political power, and social hierarchial order within a country." What arguments 
can be made to support this statement? What arguments can be made against it? 

3. How can subsistence farmers be converted to commercial farmers? How could these steps be imple
mented in your country? 

4. What difficulties arise when developing countries attempt to increase the use of fertilizer? How 
can these problems be resolved? 

5. Developing nations should make greater efforts to control the production and prices of the agricul
tural commodities they export. What are the difficulties involved in achieving this goal? 

6. Compare industry and agriculture in terms of (a) space required for operation; (b) seasonality of 
the work cycle; (c) control over production; and (d) size of production units. 

7. What are the goals of an active, involved agricultural extension service? What type of assistance 
would be provided by the service? What kinds of people does it serve? 

Chaptero 4. POPULATION-FOOD BALANCE 

1. .Why are the techniques involved in multiple cropping not exactly the same as those used to increase 
yields? 

2. In some areas, the miracle strains (high-yield varieties) of rice and wheat have increased the out
put of these grains substantially. What problems and setbacks have been met by supporters of the 
Green Revolution? 

3. Would it be reasonable to exclude arithmetic density calculations from a series of statistical 
tables describing your country? 

4. How would the optimum population be calculated for your country? What methodology would be used? 
Would this estimate be accepted by most analysts? 

5. Which would be the better way to increase agricultural production in your country--increase yields 
or extend the cultivated area? Explain the reasons for your choice. 
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GLOSSARY OF TERMS 

Accessibility: That characteristic of a location 

which peradts the easy flow of people and 

goods between places. Many of the frontier 

areas of the world, for exa~le, may have 

very desirable qualities insofar as agricul

tural land use is concerned. However, be

cause they are hard to reach, due to physical 

barriers and the high cost of transportation, 

they are not intensively used. Generally, 

the ecu.ene areas are accessible and non

ecuaene areas are aot accessible. 

Agglomerated (01' cluste:redJ settlement: Concen

tration of people liviug close to each other, 

uader fairly high density conditions. 

Agrarian 1'efonn: An atte8pt to improve agricul

tural conditions. The tera is ,used often to 

refer to land redistribution, but it should 

also include those other inputs needed to 

increase and improve production, yields, and 

fara life in general. 

Ag1'icultural density: The number of persons 

engaged in agriculture per square kilometer 

of arable land. The agricultural population' 

may refer to the total figure or to various 

segments of it . For example, density calcu

lations could be made for the number of males 

in agriculture, the number of tenants, the 

number of dependents of farmers, etc. 

A1'able: Land which is consiaered suitable for 

cultivation. The concept of arable may be 

subjective; some people may believe a certain 

area to be arable, whereas others may not. 

-- -- -- ... 

I 

A:rithmetic density : Persons per square kilometer 

of land. Since this calculation does not 

attempt to evaluate population character

istics or the quality of land, its value as 

a measure of the relationship between people 

and resources is limited. 

A1'tesian flow: Water flowing in sloping porous 

rock from a humid area to another area which 

is lower in elevation. Wells can be drilled 

in the lower area and water will then flow 

up to the surface without pumping. Large 

artesian basins are a major source of water 

in a number of dry areas in the world. 

Calcification: A soil process associated with 

arid (dry) or semi-arid areas. The drier 

climate permits accumulation of soil nutri

ents (including calcium compounds) in certain 

cases . However, under other conditions, 

alkali content of soils may be too high for 

proper plant growth. Accordingly, calcified 

soils vary from very poor to very fertile 

areas for cultivation. 

City :region: An area extending beyond the suburbs 

surrounding a city. Both the functions and 

activities of the region are closely related 

to those of the nearby city. Such an area 

therefore services the city and uses it as 

a market place and source of employment. 

Many of the economic, social, and political 

characteristics of life in the city region 

are urban in nature, because of the region's 

close relationship to the city which it sur

rounds. 

91 
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Corrrnereial farming: Production of agricultural 
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Products may often enter into national and 

international trade channels. 

Density: Relationship between man and his resource 
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Edible: Anything fit to be eaten. Different 

peoples and cultures may vary widely in 

terms of what they consider edible. For 

this reason, introduction of a new type of 

luto a society 

414141ly acceptance 
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result 
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Environment: All the conditions, circumstances, 

and influences surrounding and affecting man 

and his activities. 
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Intensive farming: Agriculture often associated 

with small plots and a considerable input of 

labor. fertilizer. and other ingredients. 

Yields per hectare are often high. Irrigated 

paddy farming in Asia may be mentioned as a 

100d example of intensive agriculture. 

Late~sation: A soil proceas aS80ciated with 

humid tropical areas. Soila tend to be low 

in organic material and plant nutrients; 

these 80ils generally should be fertilized 

often and lightly in order to be productive. 

Malnourished: Lack of proper nutrition. Persons 

who are malnourished may have a total caloric 

intake that is sufficient. theoretically. to 

meet their energy needs. However. their food 

balance is poor; for example. they may be 

consuming too many starchy foods on the one 

hand and too few foods with a high protein 

content on the other hand. 

Mechanisation: Use of machinery in agricultural 

operations. The machinery may be powered by 

animals or by engines. While introduction 

of machinery into an agricultural area may 

displace labor and create unrest. it is also 

a means by which yields can often be increased 

substantially. 

Multiple azoopping: Growing of more than one crop 

in succeasion on the same plot of land dur

ing the agricultural year. This type of 

farming is possible in are~ with irrigation 

or sufficient rainfall and with a long grow

ing season. Many tropical and arid areas. 

if irrigated. thus can produce two or more 

crops each year. 

NoneOll1lene: That part of the country which has a 

small population and is less intensively used 

than the ecumene. For the most part. the non

ecumene covers a much larger land area than 

the ecumene ~egion. 

I 

Optimum density: The ideal density for a given 

area according to the skills and quality of 

its population and resources. It refers to 

the maximum number of people which an area 

can support under a given set of living 

standards. It is difficult to calculate and 

is therefore usually referred to only as a 

vague and theoretical figure to be used for 

planning purposea. 

Optimum population: The determination of the most 

desirable balance between the number of people 

and the reaources available for their use. 

Areas which are poor in resources and have 

large populations are considered over

populated; those with small populations and 

a large reaource base are said to be under

populated. Calculation of an optimum figure 

is difficult. but it is a useful theoretical 
\ 

measure to help set national goals regarding 

population size and development of resources. 

CJroganiaed ag~cultuml development: System re

quiring a major planning effort and capital 

input on the part of a government. Farming 

in such an area is commercial in character. 

Critics of this type of development point 

to the high costs involved; some defenders 

of these programs suggest that these costs 

can be substantially reduced. One of the , 
keys to succeas of organized agricultural 

development involves the cost of transporta

tion. 

PaddY: A type of irrigated holding in Asia asso

ciated with rice cultivation. It is a suc-, 
cassful form of agriculture that requires 

good social and administrative management. 

Perception: The way in which man seea or thinks 

about his environment. This may not always 

coincide with th~actual way in which the 

environment operates. As a result. environ

mental mismanagement may take place. 
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PhysioZogicaZ density: The total population per 

square kilometer of arable land (sometimes 

referred to as nutritional density). This 

measure presumably should indicate the de

gree of dependence on foreign sources of 

food. Thus. if the density figure is high. 

it is assumed that agricultural products 

must be imported into the area. 

PodSoZiaation: A soil process associated with 

cool to cold humid climates. Soils are 

acidic. but can often be very productive 

if properly managed. 

PoZZution: The addition of impurities into water 

bodies. rivers. and the atmosphere. mainly 

as a result of man's activities. Some ex

perts claim that the unrestricted use of 

fertilizers. herbicides. and insecticides 

has a bad effect on water quality and that 

some forms of man-made erosion and the burn

ing of vegetation can result in poor air 

quality. 

ITail'ie: A grassland of the mid-latitudes. The 

grass is fairly tall and rich in nutrients. 

The area may be used for grazing or cropping 

or for both activities. The climate varies 

from semi-arid to humid in such areas. 

ResoUl'ce: Something that man recognizes as useful. 

The term is sometimes broadly interpreted as 

referring to people (human resources). but 

it is not used in this way in this document. 

Resources may include living as well as non

living objects; thus. vegetation types such 

as forests are regarded as resources. as well 

as minerals and water. 

Savanna: A grassland of the tropics. It is asso

ciated with a wet-dry season and is used 

mainly for grazing purposes. During certain 

seasons. the grass may be less nutritious 

than that found in the prairie. 

SeZva: A humid tropical rainforest. The large 

variety and mixture of species of trees have 

made this type of forest difficult to use 

coDlDerc1ally. 

Spontaneous agriauZturaZ deveZopment: System 

involving settlement of new lands for farming 

with little official assistance or control. 

This type of settlement and land use very 

often is associated with subsistence (or 

non-coDlDercisl) farming. 

Steppe: A grassland of the mid-latitudes. The 

climate is semi-arid. the grass is short, 

and the area is generally used only for 

grazing purposes. If the steppe is culti

vated or overgrazed, dust bowl conditions 

may develop. 

Subsistence farming: Farm operations which are 

not primarily commercially oriented. Farm 

types vary from those in which nothing is 

sold off the holding to those in which cer

tain crops may. at least in part, be grown 

for market. Subsistence farms are often 

located in areas with poor transportation 

facilities, and for this reason may not be 

commercially oriented. 

Sustained yieZd: A concept applied to renewable 

natural resources such as forests and fish

eries. Harvest and replacement must be bal

anced over a period of time so that yields 

will continue indefinitely. 

~pil'ation: The loss of moisture by plants. 

For some plants. the transpiration rate is 

even greater than the evaporation rate of 

open water. 

Uroan density: Persons per square kilometer in 

urban areas. It is calculated exactly like 

crude or arithmetic density and is used in 

urban planning work. 
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