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o prodice and run machinery, riga crops, aod produce 4g1S-
ek, such o commercial inorganic fetlizers nd pesicides
e e, Tndusraleed agricolture produces high yilds but

et grea dea of nergy input relative 10 the food caloris
osdoced. The prodoctvity o indurialized agrculure has ot
P without cous. Industcalized agrcoltre causes several pob-
e, such s ol degradation and ncreasesin pestckle resisance
i agrcultaral pests. We discuss these nd othe problens L
the chaptec and in Chapcr

Most farmers practice subsistence agrh
cutire, the producton of enough food o fesd
onesel and ooe’s family, with e ef ovr to
Sl or eserve for hand imes Subsistence agr-

e srcurs
coodhmichar

ulte, o, requires aLsge input of encrgy, but
sl from humans and drat animals athee
han from fossl fels.

Some types of subsisience agrcultur requie arge ractsof
Jand Shifling cuhivation i  form of subsisence agriculue, P
‘el prctced inforsts, n whichshor perods o culivation e
D by Jonger fallow periods, duing which the land s lft
e iafe and reverts 10 forest, Slasand:-burm agicltre, on

caltivation, nvolves clearing

of several distinct types of shifl v
e thes of topical forst 10 plart 10 00 Chapter 17).
o sgrclure s land-oiesivE D tropical soils
o el productivity quickly whea 153 4% catied,fmer

e three years or so. Nomadic herdiag, in which

e pponcd by a0 i o o OO s
e o and-cosive subsstenes T Nomadic
e their livestock 10 fid adeguate

Y ivation and nomadic herding can be
s suffcient 0 allow full

st 0 another v

herders must continua
fod &
Susainable s long as avalable land ar
eowth beteenpeiods of cultivation o i
T o i 8 form of inesive subiseaco BECAIERS
D wing  varey of plans suslanoously 08 1
e Wihen ceal crops ar grown togeiber, ey PoCuce
i tan when ey re. grown 5 momoesltares. P
et e iels i tha diffcret psts ae found 00 exch
ot itecrpping discourges thebuilup of 4ny single P
o to cconsnically destrciv levels. Naiive Amercats
et ercroppin na syt called The Three Siers WieE
i cor pean, and squash sods n e same moud of

Soia norgy
prociatn

purchased inputs
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S0 (Flgore 18,6, Bcause the oot sstensof tese paTs grow
10illerns epihs, they do ot compete withone st 0r Vatet
8nd essential minerals. In addition, the procio-rich
fixes nitrogen that fertilizes the corm and squasth plants
Polyeulture is a type of intercroppins in which several kinds of
Pl that mature st e s are planted ogethe: In Py
Gultare practiced in the topic, fast- and slow-maturing Crops
e ofen planted togetber o tha crops are harvested hroughout
{he year, For exampie, vegetable crops and cercal grains, Which
Tt frs, might b planicd with papayas and bananas, WHich
mature aer

In developed countics
forms of subsisence agriclure, growing polycultre vegetable
piniens and sometimes eeping e chickens or ot small ve
Sk, Generaly, thes smal subsisence griulure procices do
‘o flly supply a fmily'sfood nceds. Many smal-scale sgricul
e operations are managed by people who also work t wage
Carning jobs (s Case in i, Grow Appalachi

people practice smal-scale

Revicw

2. What arethe three most mportant food rops?
2 Wnatare three dferences between industilzed agricultue and
subsistence sgricuture?

e
‘ e
B e ety

e
e

palingesof Producing More Crops and Livestock 359

Challenges of Producing More Crops and

Livestock.

CEARNING 0BIFCTIVES

S Contrast te goals n slecting modem agrcoturs seed wih the
Coeion oo ot raditonal heitoom varets.

< et the rle ofhormones and anbites in ndusrazed
nestockproduction

. Wentty potentia benefissnd probles of genetc engneerng.

Around the workd, we find many kinds of agriculture and types of
food. Despite this diversity,industralized agriculture has caused
i overalrend toward greste uniformity in the plants and animals

THE EFFECT OF DOMESTICATION ON GENETIC DIVERSITY

Wild plant and animal populations usually have a fotof genetic
iversity — thati, variaton i thir genes, uaits

e —
ey nfoematon it specfy crtan  Vrataninpopus
e Genane divenity contibutes o3 pecie”  torsenes-unsof
long-term survival by providing the variation hereditary information
e cach pmation o adap o chang- | et pechi el

cavironmental - conditions. During _the

domestication of plants and animals, much Of  gomestication The
s genetc diversity i lost because the farmer  processof taming wid
Selets for propagation only those plants and  nimalsoradsgtiog wiid

Blants o serve humars:
Gomestication markedly
ters he charscteristics
ofthe omestcated
organima.

animals with the most desirable agricultural
characteistic, including tase, yield, and abilty
o survive transport and storage. Many of the
high-yieling crops produced by modern agri-
colture e genctically uniform, and only a few
Varieies of vegetable crops are grown in the United Stats. Simi-
Larly, daiy catlc nd poulty i the United Sttes have low genetic
diversity. The familiar black-and-white Holsteins, known fortheir
abilty 10 produce high volumes of milk, comprise 91% of ULS.
airy catle, and white legho chickens produce almost all of the
Wwhite ggs consumed in the United States.

THE GLOBAL DECLINE IN DOMESTICATED PLANT AND
ANIMAL VARIETIES.

Altbough domestication contributes in general 0 less genetic
divensity than s found in wild relatives, farmer-breeders around.
{he world have selected for specific taits, developing many local
varictes of each domesticated plant and animal. Southern Appa-
lachian gandeners have selected hundreds of varietes of beans and
Kept these varietes distinct for generations; throughout the Ameti-
cas, native farmers have selected hundreds of varities of com for
diverse climates (Figure 18.7). A traditiona vaicty, sometimes.
called heirloom (plants) or heritage (snimals), is adapted 1o the
climate where it was bred and contains 3 unique combination of
{raits conferred by its unique combination of genes.

Uniil the 1940s, agricolural yields in various couniics, boih,
highly developed and developing. were gencaally equal. Advances
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Figure 18.7
s cvidence of the evetcdive
o s videt fn the genetically unifocm o
sgrcukans methods

Genetic dversity I corn. The wision i com kencs
e spociesZaa . This v
Srown by modern

by resesch st ice then have drmatcaly focresed food
Pocction in highy developed countris (Figare 188), Greater
Piiedge of lant nutrition has resalied i frlizees tha peomoke
Highyields The use of pesticdes o cotrl insecs, weeds, 3 dis-
g organisms has improved crop yilds.Selctvebresiog.
rograms e esoled magricola plas move sfed o e
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ks whic preventthe platsfrom fallng ver during stoams.
e bieeding programs were o successfl in focreas
{ng o yiclds dorng e 1960s hat the change s called e
O o Revolution. During the Green Revoluton, agronomists
S araged radiionl fumes throughout food insccure regions
o eplace e od vritesof grin wih highyieding vaities
" howeer,newer plant varities

Gal harvesting. sl s W

In taditional agnicultual syt
et 1o meet oher commanity needs, Such a8 provid.
o s for ivestock boing The Green Revaluton sppered
o Bighly svceesful st firs, but some of s success bas becn

nderaiand the poteatial value of somc

Correny, many people are werking to save heicoom seeds.
both by soring and abelng cxistin seed, and by planing them
bt for food and 1o produce more seed. The modern vareties,
it are b for uniformity and maximum producton, re g0
by ore suscopiibl et psts nd discase nd e bl 0
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e ok nd i faod severeigaty e SO OUP O
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My commniies enga lo apachy buding by wsporiog
ey gt producs o or e drscy

hort ot e ireeds
Camachy buding o cudes shortterm commitments 1 e

ating o runge G f e N W food rogamme’s misions

o eon 1 sodn ood smegencie For eampe, R it more:
than 1 i t suppor ood o for Jsom n th wakeof the 2001
st s tma, The money o ised i 3 bousof the

st and coornated s o deerlood 3 1 Jpanesen b
impacied e e under way i T G

i consons by K . Summersie, D

‘ cAsE N POINT
GROW APPALACHIA
The Appalachian region is & mosly foresied. mouniainous
segion fch in  varicty of naral reoures (cod, forests, wate.
ey and culural tditons. Like many regions with fosi
fil-dependent cconormics te £3p betwecn wealh and poverty
5 wide. Aceording to the Appschian Regionsl Commision
memployment lingers above 10%: per capita income is nealy
58 Towor anthe naos veses poveny s cceed 0% o
e rual populton. The land can b rich and productie in smal
itches, but duc o stcep slopes nd varbl soil drinage, lage-
Seae agricuhue is not # sunable practie
Hisoricll, peope in Appalachia rlcd on home g
B
g of forest resource such 2 chestuts, hickory outs, s
ooms, and gincng. Cas income came from smaltobace fekds
88 el a surpus o these subssence barvests. However, and
Hosses i the Great Depeession comcided with the aival of chest-
o g, i desryed s of (., i
segion. Asfams throvghout the Urited Stes have growh
ghout the United Sscs e grown

westock 361

Jarger, smal-sale farmers have beca pushed 0 take ff-arm jobs
iy, gandening, foraging. and other subsisience akills bave
and personal health

been lost. affecting houschold ccanories
Pelance on cheap, processed foods has lefl many Appalachian
eopic with lnesss sch as diabetcs and heart disesse. Appali
B e 0 hundreds of heritage seed varietics ad a ich diver
3 ative food plants,contains many food deserts, where
Jihy foud i diffcul 10 attain a any price

ehia was creaed in 2009 through funding from
oo baul Defort, co-founder and owner of John Paul Mitch
e siems (JPMS) and Patron Tequil, 10 address the problem
f fond securiy in Appalachia. Tomny Callahan, a collcague of
Dejora’, told Dejocia about his experince growing up in Har
I Counts, Kentucky, where food insecurity is still pervasive and
ealby food is frequently unavaslable Dejoria began culivaing
- aiduc vision for tackling Appalachian food insecurity: sup-
porin gardeners with information,seed, ool and kil buikding
{Fipire 18.9), Gardening provides both healhy food and excrcise.
s well a5 an opportunity for supplemental income.

Through Grow Appalachia, Dejoria began collabor
Berea College in Berea, Keatucky, 0 develop a program it would
both meet nceds and leverage ity srengths, Dircc-
{ox Dasid Cooke—a West Virginia ative anda ifclong gardencr—
smswered the call and s been responsible for developing the Grow
Appalachia program and its patnerships ver since. In 2010, Grow
Appalachia participants t four parter sites in Kentucky grew food
fox aver 2500 people. By 2013, Grow Appalachia had expanded 1o
Dumerous. countes across. SouthenAppalachia. _Participants
{acluded 19,500 people growing oser 1,151.000 pounds of food
The program faciliated jobs i ceoiral Appalachia through garderr
ing projects with Grow Appalachia, and partcipants sold more than
$541000 in produce. In 2013, smalllvestock (lying hens and bon
eyhees) were offered to program participants. Fresh cggs from ust
few hens can add » subsantial amount of high-quality proin © a

ng with

Figure 18.9Grow Appalachia farmer. Lare-sale andening is &
Soluton 10 probems of food inecuriy and (004 acses. This grower is
ming il providd by Grow Appalachi 0 grow food or s faily,
il 0 opporty sl o e sy Gxces e
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el dict,and excen s can b sokd. The beneisof boesare
‘mamerocs, e ocally pruced honey sl at  peasm, Thiodgh.
v the inital nfasroctune nvestment. Grow Appalchia
ot food prouction i the egion and made roral garder-
Ing oth posite and profiable 1

SUPPLEMENTS FOR LIVESTOCK

The e of hormones s antibctcs iocresses animal growth es.
Hormones, usualy admiaiscred by car implans, regulte ive
Sk by functions and peomote faster growth. Altvough US.
a0 Canadian farmers use hormones, the Earopean Union (EU) cur
Tenil bans all imports of hormone-eaed beef becanse of heskth
concerms foe human consumers. For example. giks in developed
couririssar puberty over  year carie thangils did i he 19605
TEU rgulatos it a few stdis sugaesing that these hoamones o
{hei brakidown product, both found i race amoans n meat snd
et prodocts, culd cause cancer o affct th. growth of young
hideen.In 199, an nternationa scientifc commite, orgnized
by the FAO and World Health Organization (WHO) cxamied the
hocamone ssue n deail and concldd tha the s of homones
oo i beef are safe becasethey are quit low commpared 1 o
mal bormone concenrations i te hunan body

Moder agricaltre has embroxed the routine addion of Iow
dose of antibltics 1o the fed fo g, chickens,and . Thse:
Sl typiclly gain 4% 10 5% more weight than animls tha do
ot receive i, presumably because they s expend fesy
cery to fgh nfections. Acconding o the New England Joural of
Medicine, 40% o the 25,100 ons of nibiotics produced annaly in
{he United Sttes i used in livstock opertions. prticully those

i which uge mumibers ofanimals ar confinedin sl arcs. Most
of these ot ae dminisierd coninoousy o bealhy s

‘Several sudics link the widespread use of anbiotcs fn
umans and ivsock o the incressing resisance of bacierid ©0
antibioties. As a resul, many antbiotcs used in livstock are
being phased oat of se by the U, Food and Drug Admiisiation
{FDAL. The development of baceral esistance 1 antibiotes is
2 example of evolution. Bactera are coninualy evolving, even
nide the bodics of human and anmal bosts. When an antbiotc
e used to tret a bacteial infection. a few bacteria may suve
hecause they.are gencticall resistan 10 the antbioic, and they
o thee genes o fuure generatons. As 3 esull,the baciral
Popolaton conans  rger percaiage of anibicicresiiantboe-
P beove (igure 18.10) The Worldwatch Insiaie reports
o antibotic resistance has been documented in more than 20
Yinds of pseotaly hamful bacteria (e tberculoss bacteru
18 one example), and some bacieial srains are resisant 10 €Y.
anibiote known, 3 tofal of more than 100 drugs.

‘Because increasing evidence indiates that the use of aat-
biotics i agricultue. reduces. their medical effctivencss for
hamans, in 2003 WHO recommended tha routine wse of antbi-
otis in livestock be climinated. Many European counires have:
opped admnistering low doses of ntbiotcs fo growth promo-
Yo lvestock.In the Unied Staes,the FDA uled in 2013 thal
‘medically mportant antbiotics wil,n thrce ears, oo loager be
o for use n anmal e though cooperation with the guide-
Hines by the livestock industry will be voluntacy

o0 Tone 1904 1900 1998

Figure 18,10 Evelution of antbiotc rsistance. Shown s 0¢
ot s of . coll i lood o cerebrospnal Infecion 0
o i crflouscin. (Data from . Livermore Hoskh Prtee
o Aoy et Monitorin and Refereoce Laborsory, Uniied
Kiogdom)

GENETIC MODIFICATION
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igure e nginerin. This o g cgeein s e sl ol of DNA G
811 com et T s s el s o s st i . A U (e

A 3 spliced o e plased, s pis
e planc'schromasome s goctcaly

i pats e

Seietits e devcloping crop lants resisan o sec pests,

i fisease, bt o, hricde, abty o s sols, and
Semaght, Foc cxampl they have e 3 e from 3 Vivs
i pllow s 100 rcchin, erehy making them resistant
0 Wil dscasn tht yellow thi caves and educe crp yieks
e loibes exampl, rescarchers at he U'. Departme of A
it (USDA) e » geoe i e ht codesfoe  protin
o preventsplnt roots from sburbin s, 3 el more
Selitie i s s, (Alamioum i sl component of the
meeganic mincals o s, bot s ncmlly inclble and s ot
b by pant ot Cropsgrown i cdic s contin
i evels o humnum. Acdic s rc widespecad n e rop-
e B L Amrics, 51% ofall il s aeiified. Incorporatin
B i s i cro plans such s whet would
Sl them o be grown i such s, Some cops, called parm
Gotph rodoce micins o vacines. The range of GM crops 5
Wit and sl rowing.

Several hunded privae gentic enginering firms, a well
s of sccntis in collegs, univenites, and govern!
s s sroun e woekd, e ivolved i agrcuiual

enpineing. Alloogh a reat dalof reseaeh s be

D e fore e flly undersand it te riks o benei of
| Reseic npincring. GM crop he sy tanfomed gt
R BREOR.2) The o GM crops were sy o
merialplaming i the Ui Suscs n ey 1990, o iy

o aseabecteion, which hen nfects lan el nculue. The oreign eoe s incrid it
i eodoced rom te cultred plant cell

the United Staes is the world's 1op producer of GM crops. The.
FDA regulates moss of these crops.

A complete analyss of the costs and benefits of long-term
planting of GM crops remains 10 be done, in part because more
Fescatch on the environmental impacts of GM crops is needed.
“To that end, stict guidelines exit in arcas of genetic cngincering.
reseatch that could possibly affetthe environment. Miuch research
s curendy being conducted 10 asses the effects of introducing
GM crops whose foreign genes might spread (0 non-GM. plants
and be incorporated into ther geetic makeup. Each GM organ-
Json has unique characterstcs that might cause an environmental
hazard under cerain conditions

“The Cartagena Protocol on Biosafety, s ouigrowth of the
1992 UN Convention on Biological Diversity, lessens the threat
of gene transfer from GM organisms 1o their wild reltives by
providing appropriate procedures for the handling and use of GM
organisms, The protocol went oo effect in 2003, (Although the
United States has netber sigoed nor ratified the protocol, it has-
paticipated as an ative observer. Other major GM crop exporters,
Such s Argentina and Canda, also have ot ratfied the protocol.)

The Backlash Against GM Foods During the lae 19905 and
exly 20005 oppositon o GM cropsicreasd i many couniries n
Eorope and Afca The EU has sl efcted the se of GM cros.
‘withony one GM crop approved as o carly 2014, Some apposiion
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Figure 18.12 _Global production of GM crops.

1y v b the result of cconomic comsderation,such 2 po-
tecing the marketfor homegrown foods by bunaing impors, and

pposiion vas bused on sientific concerns. One concern 5
hat e erid genes could speead i 4 unconteolled manoee from
(G crop 1 weeds o wid reives of crop lants (Figare 18.13)
The speead of geoes into aatural sysiems coukd cause consider
able disuption, an the decision to Use GM crops should adress
i isk. Hman bealth iss have not been peoven, though animal
Stniessuggest a potential foe digestve sysiem impocts rom 4
foods det. Crtics also wory tht some consumers ight develop
food allrpes 10 GM fonds, although scenistsroutioely screen new
GV crops for alesgenicity. Finall, farmers who do 0ot choose (0
srow GM crops st seek protctions fo the genctc ntgrity of
hei cops against e possbilty of pollen transir

Figure 18,13 Potential e crossover betweens crop and a weed.

S 1908 2000

et e Uniod it e ow GMLHT cop e
o Bt cropspodce e, gl v rom Boc
s (LSDA. Extwnic Recreh Sevie)

1 Wt types of plant ks are eyt befoundinheroom seeds?
What s ae ey inmodern ctual seed?

2 Descrbetwoisks ofrutin homane and antbiotc us i Ivestock
producton
v one adhantage nd onoisk of GM crops.

Descrbe the envionmental impacts of ndustriazed agicitre,
inclcingand degradstion 3nd habiatfragmentation.

e pacices o industrialized agriculture have resulied
in several environmenta problems that impaie the abil-

ity of nonagrculural teresteia and squatic ecosyste
1 provide essetial ecosystem serviees (sce Table .1),
The environmenal cects of industrialized sgriculture
aisc quesions about the long-term) sustainability of
intensive agriclture (Figure 18.19)

Industriaized agricutore s an ncreasing car
o foorprint tat contributes to global climate change
Agricultore prodces large mounts of the grecahouse
gases—carbon dioxide (from fossil fuels), methane.
(from animal digestion), and nitrous oxide (from fer.
tilizer use) Food prodoction is the single largest con
ributor of greenhouse gases (83%) inthe food pipelin.
Other, much smaler contributoes ar transportation and
packaging, The agricultural use of fosi fels and e
idesalso produces other types of air pollution,

Untreated amimol wastes and. agricultral chemi-
calt such as ferlizers and pesticdes cause waer pollu-

‘Sorgharn s droaght oleat ran crop ey iz with ohmsograss
(S elapense, opeing  ptenl o gt matra rom GM s 10
eeadto i pla populaion.

tion that reduces biological diversity, harm fisherics and
e 10 outbreaks of nuisance species. Accoring 1 the.
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Figure 16,14 Selected environmentalefectsof industratzed agicuture,
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(Gulf of Mexico. which hus sffred
foas s el Some sgricuurl chemicl
watr deep ey
Aoimal waes nd come
s widesped ground:
Tndusirlzed agculre has fasrsd he replcement of -
iions famly farms by Lrge agrbusiness conglomerats. In the
Uniled Sttes, most catle, bogs, and poolry are pow grown
o nd ivestock actorie. vtk fctorics,thousads of
animl e confoed t0 small pens n buiklings the sz of football
fikds. Such loge concenraions of anmls cretc many caviron
meata eoblems, nchin ai and waer poltion. At hog facto
ien, manure i ot sord i dec lgoons that hve he putential
o pllte the sol surfce wtcr, and groundwter. This happened
during Huricane Fon n 1996, when manure from 22 lrge snimal
waste goonsin North Carlin spilled anto the floxaplain and i
treams, causing major fs kil People lving ncar lvestock fac
ot disike the odor, which ofen exceds foderal and sae gide:
Hine forcmssons i causes e propery vlus 0 decline
Many insects, weeds, and dsease-can
developed o ar developingresistance o pesticides, which foces
famers 0 3pply progressively ager quaniiis. Revidues of pet
eldes coatamimte out {00d suppy and reduce the umber and
iversity of beoeficial mictooeganisms in the sl e and ot

+ and, from thee, o e
iy rduced marioe popula:

have been detcted

3 wel s i srfae wates. Nirtes from

A ncegani fertlizes s protably he

squatic organismns are sometimes killed by pesticide rnofl info
m amphibian
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ot in Chapier 16).
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ing 1 he Wordwatch s, 1000 ons of wter e nded 1o
ecdce 1 ton of grin. Workdwide, imgoton consunes amot
0% of the ol frsh water tht humans withdra from aqifes.
and suface vatrs. Some agriculturl regionsremove watr from
aifers fstr than it s rechaged by pecipitation,lowering vater
{abes. The huge Ogalll Aquiferunder Nebrasks, Kansa, Txas,
and ter st i e ofthebest-known xamples of overdrwwing
anaqif fo grcultre (e Figure 13.16), Mostof the water in
1o Ogalaa f sncens, et by meing gacers i the end of the
ot e age. Thus, the Ogallly Aqufr is el 3 onvenewable
esource. Lck of wate ncrasingly aflectsagrcutl ields in
pats of Afca, Austals and Asi.As a sl of mismasagement
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aelogged oo sy grow croph.
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" rops have rewuled in habiat fragmentation
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mont dsanatic exampie of babiat s in Noth
Amcrica s llgass paiic, more than 90% of which was co-
verted o agrculure
The United Staes hd aricultural sopluses diing the 19805
o part because famers beought Large amounts of previously
e fand o peoduction. Ufortaately, much of i ad was
marginal as sgrcultral lad becae it was pove t0 sl erosion
s by intenmitient floods o requcas droughts (and therefore
i crosion when th ground cover was remocd). Aricolual
Expansion onto lowdplains can ls led 1 graie flooding prob-
e, Harvesting crops from highly enoible and is ecologically
unsound and cannot be done ndefiaicly. Some of the margins
s in the United Staes are now rtred from wse (see the
dicusion o the Conservation Reserve Progsam in Chipter 14
Other countrs have puid a bigh price for cuivting land
ighly peone fo crosion The forme SovietUnion began o culvte
{arge peas of marginal land durio the 1950s. Athough te ntal
production ofcercl cops was bigh, moch of this lnd had 10 be
Stuodoned by the 1980 The anual pe capta food producion i
it poor Caribbesn nation, i Bl what i was in 1950 38 a st
of both popultion growthand lower prodoction on enoded sl
From the 1960 o the 215t century, the amout of Land being
gt fo agriculare was grealy icreased. About 0% o the
work?s ot mgaed Jnd s found fn Asia,and the mouotof i
b here continues o expand exch yer.Snce 1995, boweves,
e mount of fmigaed land in the est of the wrld b remsind
‘eady. I Erope ] Occais the amount o imigated s ac
Al docreased. This clne i e o the increasing cost of imgaion,
{he depeton of uifers, the abandonment ofsly o, and e diver
‘o o nfgation wate 0 residertial and indusrial .

£ Whatare the major environmental problems asocited with
ndustisized agricultre?

Figure 16,15 Some goalsof
susainable agricuture. Notzal
cconysems provide  made forsustinable
Sercubure

Solutions to Agricultural
problems.

Do Somototissricoture snd conrs 1wk bt

ey

Farm
ouput
Farmers who practice industrial
fcmatve sgricolural methods
e e damaging to the environmen.
o i sustsinable subsisience agricultue
isinable agcicultue inegrates. moOJern
sgrculurl techaiques with tradiional farming
Tethods from sgriculture’s past. Susiablc
Abrcultue s modeled afler atur ccosyvies,
‘Withthi high bologial diveriy. biodcgrada
tion o macrals, and mainieance o il feril
iy, T this end, susainable agriculure reies
o venefcal biclopical processes and caviroomentaly frieadly
1 do not penis s residucs

s nd tchniuesexs ht ensure 3 suoable
D comparte (0 s of indosirialzed gl
ot agriculure can dop these

hich equire lessfoss el and
aivances are lso being

oo
Sty andshestry

g ikt g

Chemicas that disimegrat quickly
e cavironment. A sstinable farm consists offeld crops, s
it bear it s, small herds of vestock, and even rcts of
focest (Figure 18.15). Such diversifeaion protects farmers aaiast
inexpeciedchanges in the marketplace. Breeding dicase-resisant
crop plants nd maintaining animal health without elance on -
bicic are mpartant parts of susainable agriculture. Water and
ocrgy conservation e practced in susainabl agricullre
Tstead o using large quanitiesof chemical pesticides,sus

ainable agrcultre contrls pests by eshancing natural preda-
loeprey relaionships. For cxampl, apple growes in Maryland
momitor and encourage the presence of ladybird beetls in their
orchands becaise these insects feed voraciously on Furopean
e mites, 8 major pest of appls. As a gencaal rul, sosainsble
agricltue wies o mantsin bilogical diversity on farms % 3
Way to minimize pes problems. Providing hedgerows (rows of
Srubs) between fckds provides  habitat or birds and other nsect
predators.

Coagentmaarcewhie
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‘An‘mprtant o of s
il o agrcules s, Crop rtation, consevation 1age,
Contour plowing help control and maintain soil fertility
(8o Figures 14.16 and 14.17a). Sloping hills converted (0 mixed
rnes pastres crode s than do bl planied ith e rops.
thereby conservng the soil and soppoting ok

A ombinationof manre i cop otionswith egumes 5
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Sustainable agrcutre s ot 3 snge program but s
programs adaee o spcic s, climtes,and armin reguire
e, Some sustinabe famers—hose who use 3 syt ofnfe-
raded pest management (IPM)—tedoce umcccssry esicide
5 trough soch practics s crop rtton, continsal monikcng
{oe potenial pet b,
bllogical es conils (s Chpe

s sosinble e pactice organie agricuture and
e 30 commercial inoganc frilzen o pesticides. Acconing
o ulichce csablihed by te Organc Food Production Act
0 1990, orpanic fous s cops gown in s fec of commercial
norganefmier e pesticids o e e years. e
(it e crop are grown o has b speccd, vt o S gen
s  ceifed orni, whichspcics e ihes sandars.
Cate et vesock labeled USDA organic e o raied
s o hormones and e fod orgaic fd grown with-

orad.
e gricultre i o preserve the

of discase-resistan vasieties. and
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ananely raisd anc hodied gt frsh i v exercie and ae it
e csmped s, Federal sandards frcertification of ocga-
aly grown food wel into effct in 2002, replacing standands tat
vared fom st {0 tte. Some frrs USe organic practices but
oot seck ceriication due tothe costs of the cerification process.

I growing recogaiion of the cavironmental problems assock
sied with induetralized agrculture, more and more mainsrean
amers a trng some methods of sustainable agricultre (see
Meeting the Chalenge: Cerifed Environmental Management
Sysems for Agrculture). These methods canse fewer environ-
el problens o the agrculturalccosysiem, ot agroecosystemn,
{hn iusralied agricuhure. Britain's Royal Society describes
e rend from intensive techniques that produce high yilds (0
medhods that focus on long-ferm sustainability of he soil a5 the
Second green revalation. Such  evolution will equire changing
Prorities i agricultural tesearch, for example, 10 develop Crops
Tt can tolerste drought,heat, and pests.

Some rescarchers e studying ways 10 make former ralforest
Jad rta tsprouctiviy fo loger periods than i usualin hif
{ng coltivation, Considr Papua New Guinea. a smal ishand nation
{n'which appruximately 0% of the peopie are subsistence farmers.
Rescarch centists in this country have developed methods to deal
with s of the mosttroublesome problems asociaied with shift-
{ngcltivaton: sl eosion, decliiog frtity, and stacks by insects
4 discsss. T research has belped forest plos remain prodoc-
five fo ke peiods. Heavy malching withorganic matcrial,such
‘5 woed and gras clppings,haslessened solinfectility and rosion
“The composted malch s piled into rows tht follow the contours of
1he and, frbeeredcing crosion. Several cropsar planted tgether,
rducing nsect damage. One of the crops i aways a legume (sich
a5 beans), which helps estore itogen fertily 0 the soil.An extn
Sion program demnstats hese methods 10 rural farmers.

ot commercil ioorganic ferlzer

pesicdes. Animalsceriied

MEETING THE CHALLENGE

Certified
Environmental Management
‘Systems for Agriculture
Crop producers, acitre extension agen
i, commoriy taders, and enironmertal.
ot il affc the monagement of arcure
T frming andscap § ths the peodoctof
o dynamics: producer-cologcal interac
B and. produce:consumer iteacions.
Producerecologcal_ineroctons deermine

such 35 ol holh, crop i, pest

s and water qualty. Producercon-
Intracins determine how much e
form products generate and what crops
ced from yesr to year. Because

i the Unitd States has difer.
and economic consrint on

approach to farm policy may prove unwieldy
353100 forsustainsble agrculure.

A alternative mechanism tha [s meet
Ing the challenge of sustainable agricuture s
the Certifed. Environmental Management
Systems for Agriculture (CEMSA) progam,
Pioncered by the lows Soybean Assocation, »
CeMsA s simply 3 secificapplication of et
ronmental impact analyss. Businesses use
environmental impact analysis to determine
How practces are managed with respect to
negative and posiive environmentl impacts.
For farmers, & CEMSA s a process nventory
of everything  producer consumes or dis-
charges during the production and harvest
of crops. This includes energy use, chemical
appications for pest and nulrient manage.
ment, soll and water quay impacts, and
widife mortaly, Farmers that envol n the
CEMSA program use their rocess inventories

1. Whatare some features of 2 sustainable farm?

P
b
e
CEEEnLE
Py
PR
S
o D
by increasingly stringent management plans.
that emphasize greater commitment to pre-
serving lowa's soll, water quality, and nonfarm
e
treats each farm like an ecosystem and, n doing
e
B

Contrbuted by Keith . Summervle, Droke
Universiy
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The ocean contans valuabe food resources. Aboot 0% of
e workd's foal marin cach i fishes, Wik clams, oy

octopus. and otber mollinks representing an additionsl
e total cach, Crostacean, including lobses, s,
i crab, malke p about 3%, and marine algac ConSIUI the
cemaining 1%

Fishes and other seaford are ighly nutious becase they
contain casly dgesibe,high qully prten (procin with  good
babance of cxcotal amino acids). Homans obian approximacly
S5 ofthetosal proten i tei dets from (s and cther eafood
i certain areas, particulrly in developing countics that border
{he ocean, seafood makes & much lager contributon to th toal
proseininthe humsan die

Fietsof fising vessel obtan most of the word's marine
csch. In aditon, namerous types offish ar captured in shallow
ol wars e nland waers. According (0 the FAO, the workd
Sl s barvest ncreased subsantally from 1950 (192 million
o 102011, when he workdfs gaich was 9.6 milon ons.

PROBLEMS AND CHALLENGES FOR THE FISHING INDUSTRY

No mation fays Jegal claim o the open ocean. Consequently.
fesounces in the ocean are more susceptble 0 overuse nd des-
Tdation than are resources o the land, which individoal ptions
v and for which they fel esponsibe (se the section on the
agedy of the commans in Chapee 1), Wate poluion, anober
Challenge to fising, i discussedin Chapters 6 04 21

"The most seicus problem for marin fishericsis thal may
marine species have been overexploied, 0 th pont tha thie
abers are severely depleted (Figare 18.16). Large predatoey
i soch 35 tana, martn, and swordish have declined by 90%
Snce the 1950n, according to Canadian rescarchers who anayzed
o from ocean and coastl egions around the word. Each fish
Specis ha a maimum sustanable arvest el (sce Chaper 9%
i particular specis isoverharvested, s umbersdrop and har-
Veat s o longer economically feaibe.

According 10 the FAO, 29.9% world's fish stocks are
averexploited, with catch leels below beirbioogical and eco-
Togica potenial. The three areas with the lasgest mumber of
depleed fish stocks are the castern and northwestern Atlantic
Occan and the Meditemranean Sea. Fisheris have expericaced
Such pressure for two reasons: (1) the growing human popul
ton fequires protin in is diet, leading 10 8 greater demand:
(3)technological advances i fishing gear have made it possible
10 i s0 eficintly that very singl fsh i ofien removed from.

Sophisticated fishing equipmentincludes_sooar,  rada,
compaters, airplanes, and even satlles o Jocae fish schools

Nty exloted

— owwploes
Figure 16,16 _Trendsin explaitaton f fish stocks 1974-3008.
oy s 10 pret o gl s ks et nrEe
vt by 200, sty i o o stocks e aversploi

o hin 15 prcn wre oo lly xploed. (FAO)
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i o iy e s ver e

I esporse o overrycsting, many natons have cxin
e it 30 (O ) e T o
emmovd most sberes from ntemation s, becnse e han
90% o the work's fishecs ar harvesed n eltiely sallow
s cos 1 and. This polcy Was suppove 0 eevent over
Barcsing by allowing naons 0 repiae th amosat s 19
o fh 4 b esfod Barvsed from thes wtes. Howene
many countries hase a policy of open management, i which all

bycaten ishes, maine
manai ses s,
Cesrts.aodcner
Srimat ovghtunisen:
ol o commercsl
Tohngcach





image17.jpg
Spotecariane

v o any s s e bcorme e
e 18,17 odar commercis fsin b, Mk s of rcin o ar el sy e
oy chhpes v e ch ks ot bl s e ol i sl oich
e s e st o e wl s, e b cuh ot e, scalog, o,
o e e e e e i o Y 8 A e ok i, DA s

Sakmon, s, and che s hat swim 0 open wiers.

fising boss ofthal counry e given wnesrcied 3ccess (0 fish
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“The Magnuson Fishery Conservation Act, which went

{0 effect in 1977, regulaics marine fisheries in the United

States. Thi Lw stablished cght regional fishery councils,exch

ich developed a managemnt plan for its region. Until

b act was ot particulrly successul because managers

 Were often pressured (o st quotas 100 high, and the National

~ Marine Fisheries Service estimated that more than one-third of

i fish stocks were being fished at higher levels than could

. I 1996, the act was updated 10 protet “esentil

Babitar” or more than 600 ish specics, reduce overfshe

ld the populations o overfshed specics, and minimize

Fishing.quows, resvictions of certain tpes of fsh:

gear, limits on the oumber of fishing boats, and closure of

during spawning periods are some of the management

tools used 1o reduce overfishing. The 2007 updates 10 the law
strengthened controls on illegal and unreported fishing in US.
waters. This act has led to improved sustainable fishing levels
on 67% of USS. fish stocks.

AQUACULTURE: FISH FARMING
Aquacuture is more closely related to agricul-

tare on land than it is o the fishing industry  ing of squatic organ-
just described. Aquaculur s camied out in 5 el g
o fesh ot and maring wte: he v ¥1es b

tion of marine organisms is sometimes alled.
‘mariculture. To opiimize the quality and productivity of their
“rops.” aquaculture farmers control th dits, breeding cycles,
and environmental conditions of their ponds or enclosures.
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Although aquaculare i an ancient pratie that pobably
gioaed in China
Aduaculture contrbutes varity

\eral thousand years o5o, it enormous
a8 has heen appreciated oly recently
he diet of pople i highly
developed unties beneti
< from squaculture: 1 may provide them with moch

ries.Tahabitanis of developing ¢

When they export such delicacies s aquacolturc-grown
shre.
Accordin tothe FAO, world aquaculur prodoction resched

599 million metic tons in 2010 (Figure 18.18). Important aqua
cultre crops include. fish, shrimp, seawecds, oysters mussels,
sbsiers. and crabs. Cartel, aguaculure s he fastcs
Jwing type of food production in the world, and thee out of
every five fsh destned for human consumpt
fam. The nation with the
‘which sccounts for bt 0% ofttal world producton.
Recently 4 S900-million-a-ear. industry, agquacultore i
‘States has begun o decline due (o price competition
m other global aquaculure producers. Al sriped bass and
Jow trout avalable i U.S. reail markets are produced by
quacalture, s are more than half the fresh salmon served n the
United Sttes. Catsh,tlpia, salmon, sheimp and oysters are
he most important types of seafood grown by aquacultre in the
United Sates.

Aquacaltre differs from fshing in several espects. For one
hing, although highly developed counres harvest more fishes
from the ocean, developing couniies prodoce much more seafood
by aquacalture. One reaon fo thi i hat developing nations ave
an abundant supply of cheap labor,  requiremea of aquaculture
because it 8 labor-tensive. Anather diference between fishing

. aquaculure harvest i China,

et

and aqaculure i that the limit onthe size of a catc in fishing is
the size of the natural population, whercas th limit 00 aquacal
{ural prodoction is largly the size of the area in which they arc
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Figure 16,13 _ Global aquaculture production 1970-2010, Aqua-
culure prccion s risen globaly, with prdoction n Asa fr oupac
o aquacltur o al oter eontinents combined. (FAO)
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Sl e sroves, and an expansion of shrin

o fsh populations

i conrbot 0. decline in mar ;
e aqoscalture acltcs are becoming ncreasingly con

hich incrasingly use ctting-<dge
T tagics soch s submeraible cages with obodc surveilance,
incs bt offen ack pollution-restrictng.

mon. These “ocean rnches,

may avoid damaging co
s sease has become asgaificant facor
gl oversight. In aditon,discase s b "

e aqvaculurefclies
Because 5 ‘many fish arc concentrated in a relatively small

s poacltre produces wasts that pollute the adjacent Walet
st from salmon fish farms, for

s ther rganiss. P
e cancau nfeations i widsalmon popions. Aqua
e es 3 et o of wild fsh because many of he {amcd
o camivonoo. Sea bass, forcxample, may cat up 10 5 kg of
Wl g 1 Kk of weight. Antibiics used in squacolure
e in wher, and ca lead 0 inressd poalaions of b
e bocei

One of the mest mpertant s on aquaculue’s potential
s th receptiviy of nimals 0 the domesication process st
Land sl soch s cows,pig, 0 sheep were domestcad
over thoosands of year. Dring i e, thee were undoubt =
iyl mimpe 0 domwsticu o anils, which oc ove (@3

o anothr coukd not be domesticated. The same s e of

aculre. Aduae crganisms thtar social and 0o o exibit
eroraity o aggresive behavior re possible candidues for
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1. How doss verexploftaton offsh stocks ead 0 reduced ood
svalabilty?

2. Whatare some of the harmfolenvionmental effects associated
with aquaculture? Wit ishing?

Figure 16,19 Aquacultureina coastal,
ul mangrove forest. The
@ik coclose simp ponds, Aquacuture o oo i th single Lagest

factr esponsibie for mangrove habita koses workdw
e mangrove habitatlsses workdwide. Phoographed
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though human populaton s
the amount of Land and woter avaable o
foodproduction s notncreasing I fctl3nd
area for food producton has decreased, 35
many urban aress, ke Chicago, are buit o
and dealy suted fo oy
culture can address two c
nepusly: he oss of agr
decrease n food 3o
resdents

Roottop gardens, which are 3 type of
greenreol, have additionsl benefits fo urban
areas. Many urbon areas experience flood
fng. since water camnot percolte into sol
covered by buldings and pavemen. The

ol on 3 green roof holds water temporar
liy, enabling i tobe absorbed by plant roots,

and reducing the capaciy needed for sorm

Water storage and management. When food

fral o
iy faced by uban

Arootop garden. Chic:

o youth learming (0

10w vegetables 0n & ooflop gacdn

s grown on  green roof, urban residents can
arden in safety away from crime and traffc
n the past, 3 far larger fraction of the

US population partcpated in farming, As

populations have increased in urban areas,

fewer people practice agriclture. Urban
agrculture ofers opportunitesfo Intensive
food production and for teaching about food
production, which increases food access for
urban residents. Food access s the ability
1o row, cam, or purchase one's own food.
e Gary Comer Youth Center in Chicago

(see photograph), food access s increased

for young, people by teaching them to grow

vegetables on a rooftop. garden, and. by
teaching them o prepare meals in 3 kichen
insidethe bulding below.

Urban gardens can provide work exper-
ence and job opportunites or some of the

teens. Other students, working with nearby
universtes,leamabout ol science. Younger
children exposed to gardening are typically
more willing to try new foods, partcularly
ruits and vegetables they grow themselves
At some urban gardens,students ear about
marketing by selling excess produce at farm
stands. These farm stands are often located
in nelghborhoods with lite other access to
farmer's markets o fresh produce.

The production and distribution of food,
both locally and globally, is one of our
greatest challenges. Agricultural skills need.
to be practiced in new places and by new
rowers If we are to meet this challenge. In
thischapter, we discuss food security, nutr
tional quality, agricultural practices and
technologies, and sustainable agricultural
practices.
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The UN Food and Agricutue Organization (FAQ) reporied
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st While oveeatin s mos common amoag people
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e e emergence of overating i Countrics thal aso bave
S ispread tunger s known as e nuriton transiion
i cing enough food 0 feed the word's peope s the larg-
st chalge in agrculue today, and the challenge grows more
eult ach year because the human population is continally
xpanding Ad shown in Figure 18.1, amual grain production
fncreased from 1961 1o 2013. However, the warkd populal
increased by just ver 4 bllon daring tha priod, 5o the smount of
i per peon has ot increasd appeciably. Alo, the amout
‘of available grain per person varies greatly from one country ©
another. In the Usited States, it is about 1.2 ‘metric tons (1.3 tons).
per person, most of which s fed 10 lvestock, whereas in Zimba-
biwe, it is about 90 kg (200 [b) per person.

Global food production can be increased in the short term.
although whether this increase s sustainable s questionable. Part
of the loag-teem solution 10 the food supply problem is stabiliza-
thon of the human population. Most promising in this regard are
observatons of the human demographic transirion—he fact that
reductions i birthrates seem 10 follow reductions in death rates by
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ot promising way o sbilize th human populiion

FAMINES

Drovghi wr, floed or some olbercatatrophic vent may el
e emporey bt severe food shorage, Throughout hurman
ooy, fmine s siruck one o mare regons of e work! every
o ear, Usely, o naural even, sch s drought o fload, 18
evcmpanied by pliica insuabilty—an approsching army may
e ropland,forexample. The developing nations of Afrca and
s e mosta sk, The worst Afrcan famine in history,caused
ot by widespreaddeough,occumed from 1983 0 1985, Had
it were Eibiopia and Sudan, where 1.5 million people died of
Harvation. The people ivingin this rgion lacked sufficient moncy
o purchase food and did not have stred food reserves 10 protect
{hem againstseveral years of crop filures.

In the carly 19905, drought and civil urest in Somalia
resuled in famine for an estimated 2 million Somalis. More than
2 million North Koreans dicd from starvation or hunger-related.
illnesses during a famine in the late 1990s. The Nocth Korean
famine was caused by several years of floods and drough, cou-
pled witha dictatorship that refused 10 scknowlede the famine ot
scceptaid from other counties. In 2003, drought and an invasion
of locusts threatened 3.6 million people in Niger with famine.
Between 2010 and 2012, amine in Somalia kiled over 200,000
i including 10% of the couniry's children under five years

age.

Fannines get a great deal of media atention begause of the ‘
huge and obvious amount of human suffering they cause. How-
‘ever, many more people die each year from endemic malouirition
than from the starvation associated with famine.

e
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ECONOMICS, POLITICS, AND FOOD SECURITY

The leading cavse of hunger and famioe inthe world i nehee lack
of ol food nor inefcient distribution. The observation that led
o Indian cconomist Amartya Sen's Nobel Prize in cconomics in
1998 s that the leding cause of amine s the type of government
Democraic governments are more lkely to gt their people fed in
difficlt times than are totalitarian regimes. In dition, gover.
ment infficiency and bureaueratc red tape add 1 food problems,
Sometimes making tdifficult o dissibut the food 10 the hungriest
eople and fo ensur tha those who need it get i nsiead of those
Wha do ot ed it (Sometimes dishonest government offcials,

ey pesomel. o ciians el fod tendd for By peo-
i o pesoa e T, eing o o e pepe who e
s bl s roblnt

O shuon o food problrs at s offn suggewed i fr
seeloingeounies 10 Sl 1 erefoca o production and
Comampton-—ha e fod should b prdiced n the arca
Vhere it i comumed. I food producion maiches market
s el cuti, e 4 nd o
e, A the sme e, delaping counfie an pricipate 1
abaizaion of the food upply by growing

high-value crops, such a spices or coffce, for  Soeiation The

export o the United States and other more  ouns vnastne.

wealihy counries, The right balance of local  ncrssing ined

food production with. partcipation inthe  trough coramics,

slobal cconomy may be difficult to achieve,  OPTUnCHon tans

especialy i governments pressure ctizens 1o, Poqaion EPHeTance,

produce exports rather than use agricultural T

efforts 0 feed themselves.

POVERTY AND FOOD.

Despite the fac that enough food is currntly  foodnsecurity  state

produced 10 feed the workd's people with an el goinghungryor

adequate but not generous dit the harsh realty 2300 wilnatbe sole

s that food i o SRt
o shared equally by all people. [0 s icent

“The root cause of food insecurity is POVENY, Ottty
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are many, 3 are their soluions. Any
effective soluton to world food problems should incde increas-
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improving foud dstrbution. The ulimate solation to unger, how-
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World food probl
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1. Whichis a o pervasive lobal ssue—famine o chronlc hunger?
Explinyouranswer.

2 Whatare word grainsocks?

3. Howdo education andpolicl structures afect hungerna region?

Food Production

- Name the three st importan ood cros and explain why hav-
1 st thee plantspecies to pravide aimost hlf of the caloies
people consumes potantalprbiem.

 Contas industrialzed agicolure with subsistence agrcuture
30 describe three inds of sbsistence ariculure.

SOURCES OF FO0D

Blologists have identifid more than 330,000 specis of plants OF
ese, sighly more than 100 provide aboot 90% of the food that
wamans consume, citer divecly or indirecl. (Humans consume
foods ndirectly when cereal grains re used o fecd livestock that
samans at a5 meat,) Just 1S species of plants provide the bulk of
food fo bumans (Table 18.1)
Of these plant, thrce cereal grains—rie, wheat, and com—
provide aboat balf of the calores that pecple. consume., Our

Table 161 The 15 Mostimportant Food Crops i Terms of

production
SEEL R T
2012 WorldProduction”
Plontcrop Iypeotcrop (1000 ons)
[ Sogar plant () 20000
Com () Ceresl g 961289
Ric,pody Cerea gin e
Waew Ceral g 79513
Potmoes Ground crp (uber) w0213
Sogarhet Sogac plao (1000 27476
Camva Groundcrop foo) 259451
Soybesns Legume 26585
oo Foit (el berty 178347
Baey Cerea gain e
Wosermeloos  Frut (vie) 16153
Swectposoes  Ground crop (ot 3
e Fou ) 1242
Oolon, dy Ground cro (wx) Py
Appies Fou )
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Animal products sccount for 407 o he calorics pople con
Stime i highly devcloped counris but only 5% of (e calories
oosumed n developing counres. Figore 184 compares meat
Somampion in s, China. Afrcs, Wesir Eorope, Cennl
Americh, and the Unitd Ssts. Mest cousumption bas iscn
between' 1961 and 2012, cspecialy in China. Cental America
i Western Earope s in et covsumpion closly track a7
s grecnhouse gas cmissons. Whie insome of the 20 least
Gevelopa counrics, nnual mest consumption emains bl 10
K pet person. esdents of some mare descloped couniies o
e 80 kg per person annualy

hough utstious, vestoc is an expensive source of food
because animal st incficent converers of plant food. Of
vy, 100 calaic of plant maicial  cow consumes, it bums
O approximatcl 8 in it normal metabolic unctoning. That
s humans coasume only 14 calories ot of 100 (14%) stored
i the cow: Meat consumption i high in affoent socieics, 50
ange porion ofth crops grown in ishly developed countrics
e s 0 prodoce ivestock aimals for human consumptio.
Aimon: baf ofthe creal rinsgrown i ighly developed coun-
e are e 0 feed Ivetock (s You Can Make a Difercace:
Vegetaian Dicts).
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Figure 16.4 Annual meat consumptioninselected regions,
§961-2002. North American meat consumpeion evel ae the bighest,
04 have risen somewhat ver the 40-yea period. Tn Barope and China.
et consampion evels have iscn siceply, and less sharply in Centeal
merica Mes consormptionfevls in Affca snd India have remained
laivcly constant. (FAO, Workd Resources Instiu)

THE MAIN TYPES OF AGRICULTURE

Agrculture can be roughly divided into two types: industrialized
sgriculture and subsisence agriculture, MOS!  industritied agricut
farmers in highly developed countries and some  tare Modemn agicul-
i developing countries practice industrialized  Wrel méthods wich

saricultur, or high-input agriculiure. Indus- OS2 B0l
ralized agriculture relies on lasge inputs of WP AT
i and energy, i the form of foss fcks, et

| YOU CAN MAKE A DIFFERENCE

fncluding that o fish and pouly. Pecple
vegetarian diecs for many teasons.
vgetaran dets provide good nutr-

on without high leves of saturaed fats or
olesterd,both of which cause healthprob-

such as heartdisease and abesiy. Some
o the Uit S e i
are vegetarians e longe,heatn

ves han nonvegetarians. i

roups, notably Hindus and. Seventh Day
Kaventit,excude animl products fom ther
it Other people become vegetarians outof

sense of responsibily o land se and
s wide epercussions. Ingenra, fewerplants
e required to support vegetarians than ta
*upportmeat estes

ot g i s ats
Ve e S ot st
Sk ot e o e
el ALt
oot mawpon

The amount of usable energy in th food

chanis decreased approimately 0% by add-
o e e e
e cat—to the chain (s th discusion of
Fyramids of enrgy in Chaptr 3. The acual




