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Agriculture in the 21st Century
ALEx F. McCAllA

Introduction
The titl of this lecture suggests that rshould know what the shape

of agriculture wIlL be in the 21 I century. I want to begin by rna in

it dear that I have no cry tal ball. What [ ~hall do is first engage in a

bit of history, then try to identify the critical forces haping

agriculture in the 21' century, and conclude with orne scenarios

that might emerge.

1beli ve world agriculture faces many and different

challenges in the 21" century. My basic propo Hion is that

globalization, in reased market orientation for agriculture the

world 0 'er, radical and rapid chang in technol gy, and new

concerns about the environment and natural resource management

will h a ily influence how agriculture evol e a it seeks to meet

global food security challenges.

r begin by sketching ut the challenges facin agriculture and

the rural sector in the 21't century. The challen e has three quite

different dImensions: a supply challenge; the need for agricultur to

b an engine in poverty reduction; and the requirement of meeting

mcreased concerns about natural resource management.. e t, [

pr nt a stylized review of what has happened in world

agricul ure over the last 200 years, focusing m re sharply on the

p ri d ince 1960.

r then tum to th future and present two conjectures. The fir t

is a conventional, aggregate view of the haJlenge of food supply,

poverty reduction, and natural resource management. I I kat

divergent global aggregate projections and explore the critical

a sump ions and major uncertainties about oute mes to 2025 But

this traditi nat approach says nothing about how agnculture will
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change as it is buffeted by p werful external and internal forces.

Therefore the next part of the paper discus es the possible structure

of production agriculture and the agribusiness ector in th 21 1

century. It will be much more speculative than the conventional view

and represents thinking in progres . I cia e by sk tching two extreme

scenario for g,lobal agriculture and argue that the uture lies

somewhere in between.

Challenge to World Agriculture
in the 2}8t Century

World agriculture in the 21 11 century will face three major challenges:

ho to eed a growing world population, how to contribute to

reducing the still-high pre alence of rural poverty in the world, and

h w to respond to increased concerns about managing the natural

resource base.

Challe e I: Global Food Security
The fir t and continuing challenge facing world agriculture is to

produce enough food to feed the growing world population. World

population could reach 8 billion people by 2025 or 2030 and possibly

10 billion people by 2050. Nearly all of the increase of 2 bi1lion

people in the next 25 years will be in developing countries.

Th urban population in developing countries will rise by a

like number. The implications of urbanization are Significant for the

food system. It l~ estimated that people living in rural areas depend

on their own prod uction for more than 60 Yo of their ood supply

(only 40% IS purchased in th market). People living in urban areas,

however. depend on the market for dos to 90% of their food supply.

5 every time one person moves fr m a rural to an urban setting,

needed market supplie must increase by a factor of 2. Between now

and 2025, popuJation has been calculated to increase 40%, but

marketed food needs to increase by 60% (Brown and McCalla 1998).
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Furthermore, rising inc mes hift the nature of demand. For

example, a recent st':ldy from the International Food Policy

Researth Institute (IFPRI) forecasts an increase of 180"/0 in mea

demand in deve! ping countries by 2020 (Pinstrup-Andersen,

Pandya-Lor h, and Rosegrant 1997).

Where will this food come (rom? Is expanded trade a likely

answer? The events of the past 40 years suggest that it is not.

ince 1960 world grain production has more than doubled, and

world grain trade al doubled from 100 to close to 200 million

metric tons. The share of world grain c umption that is traded,

howeveJ~ has r mained constant at about 10%. La ked at the

other way around, what that say is that on average, 90% of the

world's food consumption takes place in the country where it is

produced. If grain demand Over the next 25 or 30 years increases

50-60%, and if trade increases only proportionately, to say 300

million tons, then it is dear that most of the increase in the food

production must come from pr duction systems to the countries

where the ad itional people will live.

And w~re wiU they live? Most of the population growth

betwe n 2000 and 2030 will occur between the Tl' pic of

Capricorn and the TropIC of Cancer-in other words, in all of

Latin America except f r the Southern Cone of Argentina, Chile,

and Uruguay; aU of Central America and rno t of Mexico; aU of

Africa except the North Africa Region and the nation of South

Afnca; the southern half oflndia and aU of southeast Asia,

including Indonesia. These areas are all still experiencing

relatively rapid population growth. On the other hand, areas

outside of the TropiC are experiencing significantly slower and

even negative rates of population growth: the former S viet

Umon; China; Europe; North America, Argentina, Chile, and

Urugu y; the southern hall of Australia; and New Zealand.
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Putting th e two "facts" together su ests that most of tile

food Jleeded to meel increased needs in Ille /lext 2S years TIlust be
prodllced in tropIcal and subtropical farming systems. We know that

these systems are complex, highJy heterogeneou , fragile,

generally low in productivity, and dominated by maIl-scale, poor

farmers. And to make things more complicated, we know much

less about farming systems in these regions than we do about

systems in temperate regions.

A further challenge for the next 25 years will be to reduce

the 40 million undemouri hed people who still exi t on this

planet despite significant increases in aggregate agricultural

utput (FA01996).

So th food production challenge ahead is not small or easy.

It re'luire increasing the productivity of comple I low-yielding

farming systems in ways that do not damage natural resources or

the environmen .

Challenge ll: Poverty Reduction
Despite the rapid urbanization projec.ted to occur in the coming

decades, it will be 2015 before as many people live in urban area

as in rural areaS. A of today, some 70% of the poor are still rural

dwellers. Of that 70%, the majority draw some or all of their

income from agricuJtural activities. Therefore literally billions of

small and generally poor farmers live in poverty or near the

poverty line.

The import-substitution, industrialization development

paradigms of 19505 to the 1980 attributed. a very limited role to

the rural sector in terms of driving economic progress and

generating economic growth. But clearly those paradigms did not

work, and it is tim to recognize that agriculture and the rural

sector can hi? an engine of growth that drives improved incomes

and increased employment. The second challenge facing global

agriculture therefore is to d velop technologies, policies, and
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in titutions that contribute to unlea hing agriculture's full p lennal

as an engin of growth. Meeting thi challenge will require farmer

to have acce s to b th dom tic and international markets. To

reiterate; the second challenge 10 agriculture i to be an engin of

gr wth and poverty t·eduction.

Challenge m: Su tamable atural
Re ource Management
The third challenge to agriculture in this new century i to create a

se of teehn logie, incentives, and p lides that encourage smaJl

scale farmers to want to pay attention to the long-run stewardship

of the natural resources they manage. If we are 1-0 address the

questi n of natural reSOurce degradation seriously, we must addres

.it by encouraging these farmers to u e their resource in a way that

is sustainable over the long term. TI1is is so becaus farm rs use

rno t f the world's arable land and are involved In managing much

of the arid's for t a.nd range land. Agriculture uses more than

70% of lhe world's fresh water, and much biodiverSlly IS contamed

in agricultural s 'siems. Agricultural a tlvities influence th

boundarieS of forests and deserts. Therefore, the question f
impr ving the management of ournalural resources is intimately

tied to improving the productivity and profitability of smaU-scale

farmers in Ih developing world.

A Triple- in Situation
World agriculture therefore faces these three major challeng in the

years ahead. If we are succe sful in meeting them, we gel a triple

win situation of itlcrcasedfood security, reduced rural (lnd global poverty.

fwd illWrovl!d management ofTlatllral resot/rees. Th queslion isJ how

will agrirullure respond in the changing global environment? Before

venturing into the future, however, it is worthwhile to e plore how

we gOI t where we are now and recall how world agriculture

surmounted earlier challenges.
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How Did World Agriculture Meet
Pa t Challenge ?

What has been the performance of agriculture over the last 200 years?

What follows is a very stylized view of the evolution of a ricuJture

over this period, in which a bit more attention' given to the last 40

years of the 20th century.

The growth of agricultural output over the past 200 years has

been phenomenal. When Robert Th mas Malthus wrote in 1798, he

perceived the limits on agricultural production to be erious and

imnunent. Since then world population has increased six-fold, and

global agricultural pI" ducti n has more than kept pace. Falling real

gram prices for most f the 2Dlh century are evidence of that success.

The sources of increased food produ tion, howe r, have been quite

different over this :WO-year period. For example, for most of the 19th

century, increased output came from expanding the I od area in

production, and that expanded area was primarily located in "newly

settJed areas"-the Americas, Southern Africa, and Australia. Science-

ased agriculture is really a product of th 20th century. The n \

technology-mechanical, biological, and chelnlcal-eame in different

forms and was adopted in different seque1Lces in different parts of the
world, a point 1will return to Later. It led to phen menal increases in

yields in some parts of the world.

Land area expansion as a contributor to increa d output declined

in importance throughout most of the 20th century. Developmen to

increase the interzsity ofland use through, for example, greatly

expanded a1iea of irrigated agriculture, played a significant role in

increasing agricullural output over much of thaI period, however.

But In general, over the La t 200 years, science and technology have
pllTyed arl increasingly important role i/l meeting world food needs. Willlhe

same be hue in the future? 1 return to this point later.
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The results of these t chnolo ical developments have beel\

really quite substantial. The 1960s was a period in which there were

dire prediction of famine, yet the w rid did remarkably well in

providing adequate global supplies of cereals. From 1960 to 1990,

global cereal producti n doubled, per cnpitnfood availability increased

37%, per capita calaries available per day mcreased 35%, and real food
price declined 0%.

Even with th e good indicators of verall global performance,

significant reg anal di(ferences remained. A erage calories available

per ay increa ed significantly in the Near East and North Africa,

East Asia, and Latin America to levels of 2,700 calories per day or

hi her. South Asia's calorie availabili grew more slowly, and

people in this region tiU experience Significant undernutrition. In

sub-Saharan Africa, per capita fo d availability decreased between

1960 and 1990, .

The global gains over the 1960-90 period carne from the Green

evolution and from rapidly expanding producti n in developed

countries ba ed on conventional genetic crop improvement and

intensified monoC'Ullures usin high levels of fe.,rtilizers and

pesticides. The policy environment in most countdes was protective

and inward 1 ing. F rm rs in rich countries wer subsidized,

recelvmg high guaranteed pnces that further encouraged

inten ification, Farmers in poor countries, on the other hand, were

taxed. Th internati nal trading ystem under GATT was for

agriculture highly protected, and growth In world ~aln trade

1 wed in the 19805 and 1990s.

But despite aU these gains, more than 840 million people

remain undernourished, mostly in Africa and S ulh Asia.

Worldwide, 1.3 billi n people li e pn less than U 1 per day, and

the majority of them are in agriculture. Rates of natural {esource

degradation are judged to be increasing. Thus the old model for

meeting dlaUeng to agriculture j unlikely to b viable.
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The Future Directions of Agriculture:
Critical Variables and Structural Evolution

50 how will world agrICulture evolve? It is to that qu stion that I

now turn. rwant to do this in two ways. The fir I appr am is rather

C nven ional. r review projections of various sorts about how easy or

difficult it will be to me t the three chal1enges described earlier. The

f cus i on defining what ap ear to be the critical assumptions and

uncertainties about how easy or difficult the provision of global food

serurity will be. Ab I.1t the presentation of issues in this part f the

paper I am rea onably comfortable.

The second approach i more speculative, focusing on /row
agTicultur might ev lve in the 2l't century as it trie to meet the

challenges l food security, poverty alleviation, and natural resource

mana ement. What will agriculture [ k like in terms of structure,

technol gy, and its pohey environment? Will it be more of the ame

or something quite different? This part of the paper is very

preliminary and unfinished-a work in progre . J hope it will

stimulate you to think along with me as we go from global

a gr gate to farms and agribusinesses the world er. I do this in

the cOJ;ltext f me maj r global trends that I believe wi! Ihelp shape

agTiculture. I close by sketching a couple of enario.

The Conventional Aggregate Approach

Meeting the Supply Challenge
Th re are widely differing views on the d1fficuHies of meeting food

needs in the 2pt century. Tho e using eCUl10mic pro;ecliol/ or simulatioll

models, based significantly on history, tend to pr jeet ufficient global

supplies until at least 2010 (see Agcaoili and Ro egrant 1995;

Alexandralos 1995; Mitchell and Ingeo 1993). IFPRI makes imilar

projections to 2020 (Rosegrant, Agcaoili-50mbWa, and Perez 1995).

Those projecting on the basis of resource availability and

environmental con. traints (perhaps these should be called ecological

8



modelers) are generaUy much more pessimistic. The most e treme

view combines resource con traints with bi logical yield

pessimism and foresees serio~ pr blems ahead, a do Brown and

Kane (1994), for exampl . The very nature of projections using

compounding growth rates of p pulation and incom compared to

compounding growth rates in yield means that food gaps grow

rapidly if th growth rate f demand exceeds the growth rate of

supply. On the other hand, if supply growth rates e ceed demand

growth rates, food prices fall. The latter was the predominant

outcome in the 20th century.

How can these economic optimists on the one hand and the

ecological pessimis on the 0 her hand Teach such different

conclusions in projecting fo d upply potential? Their differences

come from how they deal with four critical projection variables. I

ca1\ them "critical assumptions."

1) Assumption about tltf' ratl! of fIlcrease ill biological yields.

Ec nomic modelers point to 2-3% increas in pr ducti n in

19 0-90, bu even pr j elin lower rate f 1.5-1.7% per year

still results in more rapid supply gr wth, a po ulation

growth rat:s are pI' j cted to fall even more r3pidly. These

m deters are ptimistic about the p tenna! f

biotechn, logy. Ecological modelers pomt to yi Id in eas

in Ih 19 Os f le:>s than 1%, yield stagnation in intensive

irri ated system~.g.,triple-cr pped rice in lhe

Philippines-and decline in yields in rice-wheat systems

m South ia. Th e modelers are very skeptical about

biotechn I gy s IVing all problems.

2) As IImptions abollt how milch Illlld will be added to or lost from

IIgTiCIIlt IIra I productIOn over 1/1 n€Xl 30 yenrs. rea expansion,

while not the major driving force behind produel1on

increases ver the past 30 years, sl:iIJ contcibut d

Significantly. M delers continue to assume _orne inc.:rea e in

land area under agricultural production but less than in the
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pI' vious peri d. Ecologists and lester Brown argue that land

lost to urban and industrial use, plus degradati n of e.xistin

land, means that less land will be available in the future. They

argue that any new land brought into production would be

ec lOgically fragile and environmentally sensitive.

3) Assl/mptiolls nbOl/t Itew milch land can be subjected to increased

intensification through irrigation and/or changed cropP;'lg patterns.
fnten ificali n had a big impact over the past 40 years as

irri ated area in developing countries doubled. Cropping

int nsity TO e a shorter duration varieties w re bred to allow

two aop instead of one crop per year, or three instead of two.

Economic modelers project that this trend will c ntinu ,

though at I wer levels. Ecologists argue that there will be no

more new irrigation but rather increased competition for water

and ignificant land degradation.

4) Assl/mptiolls about the impact ofenvironmental degradatiun on food

prodl/ctlO11 capacity. Econ mic m deler tend to ignore n turnl

res urce c nstrain . Ecol g' ee lhem a big i'sues. Land

lo.s, through erosion and water pollution, will be a constrain .

Water quality will decline. Rangelands are vergrazed and

fisheries depleted. For ecologists, these are major constraints to

future p duction growth.

In my judgment, tlte optimists are too optimistic and lite pe'simists are

too pessimistic. Reality suggests that feeding 2-2.5 bilIion more people

will be an normous challenge. The bottom line is that virtually all of

the increa e in production gl bally will have to come from

kn wledge-based agricultural intensification, using modem science

and biological technology: genetics, agronomy, pest management,

re urce management, and imp:oved capacity to deaJ with biotic and

abiotic stresses. Land expansion and mtensification through capital

intensive irrigation imply will not make significant contributions to

output-In fact we may have to ralse output with les land and less
water, and do it in a resource-friendly way.
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B cause of proj chons 0 urbanization and income groWlh, the

composition of output will clearly change. Where will the eed come

from to meet growing demand for meat? Will China, for xample,

expand feed grain production lo produce its own meat or will it

import meat dir tly? New demands f r fruits and vegetables will

also shift croppin patterns. Overal~ the location of global

roduction could shift signlficantfy.

Can these challen es b met? On the production ide, I believe

it can be done, but there are four "big ifs" or uncertainties:

1) ifwe can develop sustamable produdion sy terns capable f

"doubling utput. This i an unprecedented challenge for

agriculture and biological science. It require~ attacks on all

fr nts (e.g., ecol gy, s ils, agronom , breeding, farm

management, pest management) in a sy tematic way that

increases the productivity of comple fanning systems. We

cann t focus nly on increasing th yields of single

commodities grown in mon culture.

2) If we have in place d m tic and in ernational poliC! and

insHtutio that d n l discriminate against agriculture and

that provid appropriate incentives to hundred milli

of farm • ar un lh world. We mu t d away with policies

that tax agriculture, such as over-valued exchange rale ,

in ustrial protecti n, and 1 w-priced food reqwsltions, a

well as p ticies that distort farmer' incentives (Schiff and

Valdes 1992).

3) Ifwe continue to inve t in public agricultural res arch-for

example, through the Consultative Group n International

Agricultural R carch (CGlAR)-and build stronger

partner hip with the private sector to tap the en rm u

p tential of molecular biology for the sm II-scale,

imp veri hed farmer around the w. rId.
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4) if we stay the course with removing distortions to freer

agricultural trade. The Marrakech Agreement f 9 4 put

agriculture for the fil'St time under the rules f the General

Agreement on Tariffs and Trade (GATT), now the World Trade

Organization (WTO). These incJud tarrncati n of aU non

tariff harriers, reductions in domestic support, reduced

import barriers, and lower export subsidies. They will make a

more level playing field f r developing countries, which is

critical, because as countries move away fr m s If sufficien y,
they must be able to use world markets. Countries must be

a sured of ace and sh uld e peet reasonably stable

markets. Therefore the agricultural negotiati ns scheduled for

1999-2000 hould focus n reducin lev I f protection in

m mber counlTies of the Organisation for Economic Co-

perali n and DeveI pment (DEeD), thereby providing

improved access for developing counmes.

The e will aU help to meet the food supply challenge.

Meeting the Poverty and atural
Re ource Challenge
Supply i only one challenge 0 agriculture in this new century; the

ther are concerned with reducing and elinunating poverty and

with improved natural resourc managem nt In the developing

world, where the W rId Bank mainly operates, poverty remains a
predominantly rural chall nge (World Bank 1997). As noted, 70% of

the poor people in the developing world still live in rural areas. To

me t this challenge, we must improve the produdivity and profi/abilily
of millions up n millions f small farmers and promote

employment-intensIve rural growth.

For this to occur, fanners will need new, appropriate

technology. Here the r Ie of biotechn logy sh uld b critical if it can

be appJied to the crops of complex farming systems in the tropics

and subcropics. s we break away from the heavy focu on basic

food crops (rice, wheat, maize) and move towards an emphasis on

12



more diversified production ystem involving all crops, animals,

and trees, the research needs are likely to be very large.

Pr ntability will come from increased market orientation a

farmers produce food and fiber for domestic and iitternational

markets. Here the critical issues are appropriate policies and

incentives.

If we can meet the challenge f improving farmers' well

being, we will also have the additional benefit 0 encouraging

farmers to be more effective stewards of the world's natural

resources. Farmers manage irtuallyaU of the arable land in the

world and use most of i fresh water. Therefore the issue of

improving the welfare of .rural c mmunlties, by improving the

profitability of agriculture, is a triple-win ituatLon. It contrrbutes to
poverty reduction, ;/ col/tributes to food wirily, mrd it ~olltrjbutes 10

improved natural resource management.

Thus end my "conventional aggre ate" discussion.l now

tum to the more speculative part of this lecture. What agriculture

will look like in the future will clearly be a product of its past but

will also be hap d by the environment within which it evolves.

The nex sections of this lecture exp! re what t see a the major

extern 1and internal trends that are likely to impact on agriculture.

Later [ will us the confrontation between thes external forces and

the internal dynamics of 20th century agriculture to sp cutate about

two c nario for agriculture in th n w century.

Forces Shaping the Future
Several global political and economic mega-trends could influence

the environment in which agriculture will evolve. After discussing

these, I identify ix more radical changes that will impact directly

on agriculture. I conclude by listing three issues thatwiU

undeniably affect the environment in which agriculture develops

but whose outcomes ar very unpredictable.

1.3



Global Mega-trends
• Globalizafion is characterized by integrated capital and

financial markets, which'link domestic economi 'monetary

and financial sectors evermore tightly. ontinued wro trade

Iiberalizati n will reduce trade barriers and Link c untrie '

real ect r as never be~ reo The implication is tha problem

of individual countries will have global hnpacts, a Mme:. ed

in East Asia, Latin America, and Ru ia during the recent

financial cris' .

• Tile drc/illl! ofsocialism and the ascelldancy of mark ts. There ar

no I, nger competitive e nomic paradigms. As upp rters 0

a global marke.t economy celebrated victory, serious questions

were raised aboul the appropriate division of roles between

the public and private ectors, both in terms of owning and

opera tin p duclive enterpri (privatization) and in t rms
f regulaIi n f th private sector.

• 77Ie end ofbipolar global politICS. Will Uu c ntinue to foster a

precipitou ri e in regional and nati nal armed c nllicts and

in global terrorism? Wilt national and regIOnal security issues

replace 1 bal security issues?

• D mocraliZillioll in Latin America, Ea t~m Europe, Asia, and

some parts of Africa. Will the trend c ntinue?

• The riSf? of lite ci II society, decelllralrzatTo/l, mId commu/lity
empowerment could radIcally alter the balance of power

between I cal, regi nal, and nah na] g mments.

• CJwrlged macroeconollll paradigms minimize the rote. 0

government in driVing the economy and preach monetary

tability and fiscal conservatism. TIUs, combined with lh

ascendancy of markets and trade liberalization, means

nati n-states' capacity to control their own internal ec nomic

well-being is significantly I ened.
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xternal Events Directly Impact~ng

Agriculture: Six Driving orce
• Molecl/tar bIOlogy. Ju t as mechamcal, biological, and chemical

technologi~ haped agriculture in the 20th century, ~olecular

bioi gy and its applicalior through bioteclm 1 gy c uld have

incredible impa ts in agriculture in the 21-\ century. But how will

it play ul? Th potential ~ unlimited, but c nsum rand

civil ci ty c ncems about altering nature seem to be growing,

especially in Europe. There is great uncertainty here.

• [Ii!crmatio/l teclllwlogy is experiencing a similar revoiuti n to

biology. The computer, the satellite, and the cellular phone have

already radically chan edthewayweL kateach ther,d

business, and d science.

• Environmental concerns-about polJution, 10 of biodiversity,

defor slati n, health, and sustainable resource USE':-are till

increasing. Pressure is rapidly growing to subsIdize agriculture

for producing "envi nmen al ervices" f r the rural

countryside, the so-called "multi-functi nality" f agriculture.

• Resource competition: rising population, urbanizati n, .

industrialization, an environmental demand will all increase

competition for agriculture's historic virtual monopoly on arable

land and fresh water.

• Gl.obaI warmillg. Evidence trengthens yearly that long-run

temperatures are risin and that weather variation may b~

increcu mg. Gl bally cr pping patterns are likely t shift, but t

where and by how much is uncertain. Global production

i.mpacts are even less cl ar, but on balance aggregate p du ti n

will change les than the production in particular r gions.

• Agricltlttlml trade liberalimtion. Bringhlg agricultural trad into the

wro fundamentally alters member countries' flexibility in the d~ ice

f domestic policy instruments and their settings. Liberalization in

the 1999-2000 Mini-Round could lead to a much III open

intemationalmarket. Who will benefit, and wh will lose?
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Unpredictable Issues
Here I quickly Ii t three is ues that will certainly influence the

cont~twithin whIch agriculture will evolve but ab utwhich [

cannot hazard predictions.

• The fir:;t i th evolution of intellectual property rights and its

i.nterface with biotechn I gy.

• The second IS the policy behavior of major players in

gnculture. In a m re globalized, tightly linkea, liberalized

world economy, big players matter more. tn world

agriculture, six giants loom large in agricultural production,

consumpti n, and trade. These are (in descending rd r of

importance) Chma, India, the countries of the Eur pean

Uni n (s on t get larger), th United States, Russia, and

Brazil. How any or all 0 th e countrie decide to achi~ve

food ecurity could have significant global impacts, both

p sitive and negative. In some sense these are the potential

loose cannons m the sy tem.

• Th third i ue is concentrati nand intemati nalizati n in

agricultural supply and marketing firms. Will size,

c ncentrahon, and multinationalism spread globally to

devel pinge, untries, r will am re mmunity-ba ed

structure emerge as a part of integrated rural development?

How Will The e Glo al Trends Impact
on th St cture of Agriculture?

How willihe tendencies listed above affect th global 0 d y tern

and i abibty to meet the three challenges outlined at the beginning

of this Ie lure? Let m begin by discussing some broad generic

impacts; then I will tum specifically to impacts on the tructure of

agriculture and on the agro-indu trial compl that surrounds the

production system.
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Generic Impact
The role of ovemment in the global food system will be

ignificantly different and possibly diminished. Markets will playa

much larger role, as will citizen a the local and l' glonall vels. This

trend will lead to freer trade, intemally and intematl nally. in both

inputs and outputs. It will lead t less e enditure n input

subsidie , price supports, export subsLdles, and on public ector
researc1L ft is still volvin ,a many ovemments leave the

productive sector and assume a m re uncertain role as makers of

the economic environment.

The molecular biology revolution and its application thr ugh

bi technology, coupl d with chang in intellectual property righ ,

have given rise to massive increases in private ector research

investment and in proprietary scienci'. So far the Foeu has been

primarily on the developed cOW1tries. How far this revolution WIll

pread to developingcountrie . un 1 ar. Twill r tum to this point

in the conduding sections of this lecture, when f discuss two

c nario for th future.

Finally, global~tion and the infonnati n revolution mean

that science and technology are ruly global, and therefor national

agricultural strategies are less and less viable. Human capital,

investment dollars, and scientific kn wledge are globally fungible.

This means that a country is either part of the global knowledge

y tem or gets left b hind. The implications for trad j tional

agricultural research and exten Ion sy terns are tremendous.

Structural Impacts on
Agriculture and Agro·lndu try
Agnculture around the world is very heterogeneous, so it i difficult

to generalize about the shape of agriculture and agro-industries in

the 21't century. Let me try to u e 5 me simplifications. Hayaml and

Ruttan (1971), in their groundbrea\..ing book Agrim/lural

DetJe/apmelll/ h ve argued that technological change drives the

shape 0 agriculture and that technological change in tum is

17



induced by the relative resource endowments of a country. If a

country h much land and few people, labor-saving technology is in

demand, as occurred with mechanization in the Unit d States.

Countries that are short of land and have substantial labor (e.g.,

Japan) tend to d velop land augmenting, le., yield increa ing

technology. such as biological and chemi.cal technology. The resuH

appears to be a quile different structure of agricultur . Mechanical

technol gy is labor aving and generally cale panding, leading to

largerscaJe agricultural operations, wher~as biological and chemica[

technology is potentially scale neutral and can be adopted in smaller

scale intensive agriculture.

Let me review briefly how this hypothesis might play out in

the future, building on the force that haped agriculture in the past.

Basically I will 10 k at two types of agricultural systems. The fust

consists of sy terns that are land rich and labor poor, found in the area

f agricultural expansion in the 1 th and 9th centurie (North

America, southern South America, Southern Afnca, and Australia, as

well as many c untries f the former Soviet Union). I call th

"areas of extensive agriculture.. .. The second group of systems is

found where the ratio of labor to land is hi h (Europe, Japan, China,

and India, as well as many of the po r developing countries in Latin

America, Asia, and parts of Africa). 1call these the "area' of

agricultural int nsification."

My ubmission i that th sequence ofadopltoll of mechanical,

biological. and chemical technologies in the 20Ut century contributes

to e plaining why world agriculture looks the way it do today. Let

me briefly rna e my case, addressing three different regional

aggregations: the newly settled areas, the older settled area of

Eur pe and Asia, and the n w developing countries.

Areas ofextensive agricultllre--These areas first adopted labor

saving, scale-enhancin mechanical technology. As Hayami and

Ruttar\'s induced innovation hyp thesis suggests, farmers sought

technical change to replace the scarcest and most expensive facror of
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production: labor. H r es first replaced manpower, and !hen tractors

replaced horses, the latter mainly in !he first 30 years of the 20lh

century. This freed up mIllions of hectares that pre iously produced
/lor I! feed to producefood The next techno! gy adopted was

biological, includmg improved varieties as well a improved

agron my. Chemical technology wa_ a post-World War n
phenomenon, and with its applicati n, yIeld soared. Yield in !he

US Corn B It have more than quadrupled since World War n. But all

this chemical and biological technology was intTo uced in an

already mechanized, relatively large-scale agriculture which was

becomin more and more specialized. The re ult is that today in

most of the newly settled areas a bimodal agriculture ha

d veloped, in which fewer and fewer larger scale farmers produce

an in ea ing share of the output while a mucl, greater numb r of

small-scale and part-time farmers produce a declinmg hare. This

phenomenon i m t pronounced in the United States, where less

than 300,000 farmers (of a total of 1.9 millj n) produce more than

% of the output. The other 1.6 million produce less than 20%.

Mixed live t k-crop farming ha es entially vanished. Lar e-scal ,

highly commodity-speclfic enterprises dominate both the crop and

live t ck sectors. Simi lar trend are occurring in Canada, Argentina,

and Australia.

The question for the future is where will these agricultural

systems go. First, it is clear that they will f!lJolvefrom their present state,
so they will continue ~o be bim dal, with few large farm producing

most of the output. Some of the fanning systems using high levels

of chemical inpu ts may not be sustainable, given grOWing concerns

about the environment and increased competition for water and

land. However, as evidenc d by the no-till revolution the United

States, Canada, Argentina, Brazil, and Australia, practices will

change to become more environmentally friendly when they are

pr fitable; therefore I do not foresee continued growth in the ~le of

field crop production.
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rsee diff rent directions in livest ck and pecialized ftuit and

vegetabl production, h wever. The poultry industry the world over

IS already highly concentrated and vertically mtegrated. The same is

happening in th pork indu try and m y happen in beef. Contract

farming already characterizes the specialized cr p industry.

These tr nds will conUnue and spread globally as so called

"designer griculture" becomes more common. By this rmean

producers being paid to produce ommodlties to precise and

consumer-specific requirements. This practice is likeLy also to spread

m European and ther higher inc me countries. It will be made

pOSSIbLe and progressively easier by biotechnology.

One e trerne vision of deveLoped country a riculture is

presented by the National Agricultural Biote hnology Council

(NABC 1998), which sees US agriculture partially ub tiMing for the

petroleum industry by producing bio-based fuel, chemicals, and

indu trial pr ducts. While this is unhkely to happen fast; there are

clearly immense potentials for molecular bIOlogy to let agriculture

prod uce more than food and fiber.

rea of inten ive agriculture
Europe/Northern Asia. In Ewope and Northerm Asia, the long

seLtled areas of Rurope, Japan, and China historically were

characterized either by large estate and small tenantp}ots or mall

family farms. Farm size was dimini hing rather than expanding

becaus of inheritance laws. If Hayami and RUltan are correct, in this

en i nment, where land is the scarce resource, one would expect a

focus on yield-increasing technology first.ln fact it seems clear that

m Europe and AsIa the major bioi gical and chemical mnovations

preceded mechanical technology. Given that both f these

technologies are scale neutral but commOdity pedfl ,small farms

tended to specialize. Mechanical technology came much later. In

some cases, large-scale adoption of mechanical technology has

produced an agriculture resembling US agriculture, as in the plain

of Paris and central En~land. But in most cases small-scale
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mechanical technology has been introduced to fit the cale of

agriculture. The bottom line is that at the beginning of the 21'1

century, agriculture in the e areas 10 ks much different than it does

in the United States and other areas of extensive agnculture. It i

still relatively small scale, highly chemical input intensive, and

tending towards more farm-level specialization. The question for

the 2l,t century is h w it will evolve. Will European, Korean,

Japanese, and northern Indian agriculture become like N rth

American agriculture, or win it take a different path? My argument

is that it will not become like US agriculture, because the relative

power of external versus internal forces shifted sub tantially in the

la t third of the 20th century and will continue to shift in the new

century. Extern I factors such as environmental and natural resource

concerns wiJl shape agricultul'e more 'than endogenous technologies

and sector-specific p tides. Further, concerns about preserving the

rural landscape will slow any expansion in the cale of agriculture.

Developing countdes. The now developing countries were

egmented into plantation and ubsisten!:e ectors. The plantation

'ector evolved In the direction of the land-exlensive area , with a

strong emphasis on cale and labor-saving mechanization. The

subsistence sector was largely bypassed by technical change until

after independ nee in the 19505 and 19605. Earl efforts to improve

productivity involved attempts to transfer technology and

knowledge then operating in the developed cpuntries. Where

appropriate conditions prevailed, new technology, such as

semldwarf rice and wheat varieties, was adopted. These new

varieties were fertilizer responsive and high yielding, but they

required good water management, good agronomy, and

sophisticated pest management. They were adopted in well

watered, agronomically favored areas and are the tuff of the Green

RevolutiOlI. But much of the rest of developing country agriculture,

particularly in less-favored ecolOgical areas, has yet to experience

fully any of these technical revolutions, mechanical, biological, or
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chemical. TllRir agr; ulture COltlllllles to resemble agrlcullure of tlr 18lh

Cetl/ury and earz,er. Where will th e c unlrie 0 in th 21' century?

My belief lS that for areas of high population density it will be crucial

to foster mall--:.cale. diversified. and employment-tntensive ys ems.

This effort should be driv n by both the p erty goals and the natural

r urc:.e mana ement paradIgm. But wlll t.hi be the ca e? J r tum to

this questi n in the cen ri described later. The one big question i

how ub-Saharan agriculture, especially in countri ith ubstantial

land resources, will evolve

The gro-indu trial ector
The agro-industrial sector. Let me say a few vords about the

input supply indu try-the part of the agro-indu trial sector that

grows as agriculture in nsifies and incomes rise.

The earliest agricultural input industry was in farm machinery.

Not urprisingl • it developed to the United Sta~ fi t It was

characterized by inventions-the plow, the reaper, the bind r, the

s ed drill, the combine harve ter, and the tractor-aU of which were

protected by patents. p emitting investment in umovation to be

recouped. The farm machmery bu in is sUbject to conomies of

cale in manufacturing and has one from hundreds of mall firms

producing limited Lin to a few multinationals producin broad

line. ote that in this industry public sect r r earch played a much

small r role than it ha. played in other agro-industries. What does

thl ay about other research area intellectu I prop r ri hts are

more widely applied?

upplies ofbiolog! I inputs, primarily seeds. were generally

provided by small r gional or national firms and wer commodity

pecific. Th e firms used varieties produced by public re reh

organizatio and were largely r plicators and distributor of pro en

varieties. Thi structure changed rapIdly with technological change.

Hybrid maize eed had to be purchased annllillly, and ther for

pnvate r search and devel pment c could be recouped over hOle.

Plant Variety Protedion in the nited States in the 1970!> broadened
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patent protection to production of non-hybrid ed. This

legislation ha led to a v ry rapid consolidation of fum

nationally, and with the advent of biotechnology, the

internationalization and concentration of seed and chemical

businesses is occurring rapidly (e.g., Duponl has b ught Pioneer).

As for other inputs, the production of fertilize (e pecially

nitr genous fertilizers) and pesticIdes is frequently a byproduct of

the petroleum industry, which i eneraJly highly concentrated

and global.

Thus at the end of the 20th century, input supply industnes

w re becoming dominated by few r and fewer very lar e

multinational firm .1 ee no par cular reason for this trend not to

continue, but the consequences for developing countries, which

could b left behind, are uncertain.

With regard to the processing and mar ding industry, th~re

is om for only a quick summary. As a society shifts from being a

predominantly subsistence agrarian socie to an urban, industria!/

service soaety. dietary and food consumption habits change.

Manual labor i replaced by machines, people move off the farm.

cities grow, and incomes rise. Food processing and distributi n

indu tries have been driven by the e v riables as weil a changin

markets and changing technology (for example, canning, drying,

frozen food, refrigerated shipment. chemical preservatives, and

ripening agents). On lhe marketin side, the firsl devel pment wa

of global markets for grains and oilseeds, which led to

muJtinati nal traders urn as Cargill that have become more

concentrated over lime. In other food lines, the preferred approach

for many companies was direct foreign investment, as opposed to

trade, which enabled them to be af'\ insider in protected domesti

markets. This process created global conglomerates with many

domestic subsidiaries, such as estle and Unilever.
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These trends have accelerated in developed countries as

affluence, urbanization, and gend r equality in the workplac have

significantly changed th nature and diver ity of food demand in he

marketplace.

Overall, the a -industries surrounding the production

agriculture sector in developed countries have grown jn importance

relative to the production sedor, are generally concentrated (Le.,

large), and are fr qu ntly multinational (tfn t global) in cope

fn the developing countries the inpu supply industry is a mix

of govemment providers, small entrepreneurs, and domestic

representatives of multinational firms. The ~ od marketing chain in

many countries is still characterized by govemment m parastatal

marketers of ba ic fo d and many local, small-scale vendors of

frui ,vegetables, and meat. Except for poultry pr duction in A ia,

vertical integration is not yet a characteristic

The question for the future is how the agribusiness sector will

play ut. TI,e evolution bf thiS ector will be influenced partly by

what happens in the production sector and partly by what happens

in the gl bal fo d sy tern.

Two Pas ible Scenario {or the Fut re
Direction of Agriculture

I now sketch two possible scenanos, each beginning from where we

are at the start of the 21 st century but acb making differing

assumptions about the trends that will influence the shape of

agriculture. One may be caJled a positive scenario while the other will

p ~hap seem ominou to some.

A Po tive c:enario
In a positive scenario, globaltzation, the information revolution. and

the ascendancy of markets all lead to freE'r capital and technology

flows, which in tur:1 allow poor countries to experience rapid, widely
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hared economic growth. Real trade liberalization occurs a

developed countries open their markets and reduce subsidies, and

developin countTie experience e panded e port opportunities.

Democratiza ion, decentralizalion, and less dist rting domestic

policies equalize opportunities for poor rural people, especially

farmers, resulting in ustained, employment-intensive rural

growth. Biotechnology is widely applied to important crops

growing b tween the Tropics. Public sector research investments,

ad ressing public good issues, are sustained and ignificanlly

improve the productivity of complex tropical and subtropical

farming systems. Environmental concerns and natural res urce

competition fo ter the development of technolOgies that reduce

dependence on the old model of chemical-intensive, large-scale,

monoculture agriculture. The result in developing countries is a

small-scale, highly productive, multifaceted agriculture; the

agriculture of th Ider, labor-intensive areas of Europe and Asia

and the areas of extensive agriculture is modified to become more

consistent with environmental concerns and long-term

preservations of critical global resources, including biodiver ity,

land, water, and natural habitats. FinalJy, global warming occurs at

a suffiCiently slow pace that global agriculture can adapt. This

scenario is possible if we do the right things starting now.

An Alternative Scenario
One could, I believe, equally postuJate an alternative, less satisfying

scenario. In tht scenario, globalization leads to bigger disparities

between the haves and have-nots. Financial instability increases

and smaller and more vulnerable countries are buffeted by

economic insecurity. Gains in poverty reduction are partially

reversed, a in Indonesia. Real agricultural trade liberalization fail.

as developed countries succeed in continuing to subsidize and

protect agriculture (multifunctionality carries the day in the WTO)

and poor developed countrie till lack access. Urban elites regain

or maintain control in developing countries, which continue to
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pursue policies biased a inst agriculture and rural areas.

Decentrali.zation and participation run afoul of entrench d political

and bureaucratic systems and poor rural areas are lefl behind. The

ruits of biotechnology remain primarily focused on t rnperate

ps of global importance while public investment in agricultural

research of relevance to the developing countries withers under

fiscal conservatism. The result· a truly global, bimodal agriculture

in which large-scale, input-intensive farmS outside the Tr pies

become larger and more concentrated. Agribusine s keeps ahead of

them on the same path the are following now. Small-scale

agri ultu.re between the n- pies languishes, increasing dependence

on extemal food suppli .

Under an even wors scenario, Significant agricultural

resources are diverted to producing industrial and energy product,

thereby red uang available supplies on world marke Discussions

of asp ts of this particular sc nario talk about "10 ing" countries

counlTie that re 10 rs in technology, trade, and policy reform. A

further dismal aspect of thiS scenario is that gl bal warming

increases the numbers of food-deficit, poor de eloping countries,

which fall farther behind th se in more temperate areas.

Implic tion for Global Food Security
I could continue to eJabora e on these arious cenan s for the

future, but this brief ou lme has conveyed their m t salient

ch ra reristlCS. 1 uspect that all of u would like the p sitive

scenario to em rge but are concerned that recentlrends may

p rtend that at least some parts of the altemative scenario are

p ible. My propOSition i that the outcome will lie omewhere

between the tw scenario, although the outcome cannot be defined

mor p . ely, because it depend on acti n yet t be taken. But

the Implications for the challenges facing world agriculture and

gl bal f od securily are ignificant.
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The po itive scenario contributes to meeting all three

challenges described earlier. Food prod uchon and rural incomes

rise for countrie between the Tropics. Trade liberalization and

continued policy reform contribute t poverty reduction and

improved incentives for the husbandry of natural resources.

Disparities in inc me b tween rural and urban, rich and poor, are

reduced, and greater global stability would seem to follOW.

The consequences of the alternative cenario could be quite

stark. Complex. farming systems between the Tropics are not

improved. Poverty, rural and urban, deepens. Dependence on

intemation 1food supplies increases, meaning that poor, food-

d ficit countries are m re vulnerable to international in tability. The

WOTSt variant sees agricultural resources in rich countri di erled

to producing energy and industrial products. This scenario leads to

reduced export supplies of basic cereals, causing higher and m re

unstable prices. This, coupled with continued protection in rich

countries, leads to limited access for tropical product and generally

contracting export opportunities. Finally, if what appears now to be

the likely impact of global warming occurs, i.e., reduced Tain all in

the tropics and subtropics and mor rainfall in the temperate zone,

the consequences for the 2 billion additional people who wilt live in

developmg countries belween the lTopics, pI us the 1.3 billion very

poor people who are already there, are not pleasant to contemplate.

How wiU these po sibiliti play out? Tdon't know. The

critical drivers to watch aTe agricultural trade liberalization (WTO

1999-2000), biotechnology and intellectual property rights (IPR),

and domestic policy reforms and their impact on a level policy

playing field for poor rural people. Remember the four

uncertainties I mentioned in the conventional model:

understanding complex farming systems, investment in research, a

level policy playing field, and real trade liberalization. In reality

the e are the issues, no matter which approach for future

"directions f agricul ur II you wish t take.
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