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. .. 'FOREWORD:. [

, ] ln"'1968. the;Comm;asibn on College Geography of the Association of - %
. American Geographers published &s first Resource ‘Paper. Theories of . he
Lo .* Urban.Location, by Brian J, L. Berry. In 1974.ecoinciding with- the )

"~ - termination of NSF funding for the Commissioh. Resource Paper number
‘ _ 28 appeared. The Underdevelopment ahd Modernization of the Third '
- - Werld, by Anthony R. deSouza and Philip W. Porter. Of the many CCG *+ -
. v activities, the ,Resource Papers @eries became .an effective means for ..
.o pemthe ﬁ' h;lng bath teachers and students to keep abréast: of developments in
. s, . eid. X *
I Because of lbq.mpulﬁﬁty and usefulnéss of the Resource Papers the -
L " AAG apptlied for,and received a grant from NSF to continue to
. .. produce Resource Papers and to put the series on a self-supporting basis.
, . .. _Thepganfkesome?am?anelsﬂbaibesto iginal purposes of -
' ’ the Series. Which are quoted below: ‘ P

S . The Resource Papers have been developed as expository documents for-the

use of hoth the student and the instructor. They ae experimental in that they

are designed to stpplement existing texts and to fill a gap between significant

research in American geography ‘and readily accessible materials. The papers

are concerned with important concepts or topics #h modern geography and

s focus"on one of three general themes: geograplfic theory: policy implications.

or contemporary pocial relevance They are designed 10 implement a vanety of
undergreduate” college ‘geography courses at ¥he introductory and advanced ° .

In an effort to ihcrease the utility of these papers.: the- Panel has
‘attempted to be particularly sensitive to the currency of materials for
’ ,undergraduate geography courses and to the writing style of these papers. o
. ,The Resource Papers are developed, printed. and distributed under the ) .
. auspices of the Assoclation of American Geographers: with partial funding " — .
from a National Science Foundation grant The ideas presented in these ) . )
Papers de pot imply endorsement-by the AAG. - - s =
Many ivdividuals have assisted in producing these Resource Papers, and - , .
. we wish to acknowledge who assisted the Panel in réviewirg the |, . .
authors’ prospectuses, in reading’and commenting on the various-drafts, ° - ,
and in making helpful suggestions.” The Panel acknowledges the ’ -
- pesceptive suggestions and editorial assistance'of Jafie F. Castner of the

. ° ~ ) .-
% . , Salvatore J. Nafoli R
L - ~ Educational Affairs Director ® 5 ‘Y ~—*
T e R * | Association of American 3 L,
3 \ Project Director and Editor. Resource Papers Series :
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. . PREFACE L L

- 1 -

In writing Triumph or Triage we have come to conclusions that have left
b ) us personally uncomfortable, conclusions that we on]y}'vaguely suspected * -
. whep we began the project. The reader may s our discomfort if our T,
U S oon&nsionsareseentobevalid’.Wedpubtthat is paper can be read .
o without reaction, however strongly one may differ from our perspective. The
/ . world food situation provides an excellent opportunity to examine not only
* the problem itself but also th role of science and’scientists in society. At the
S - very minimum. we are all participants in the world food scene. g
. . " We will be usipg this resofirce paper principally in our cousses on human ‘
use of the environment. Here, the paper will focus discussion of the nature of
food supply 3ystems toward a probftem-solving perspective. For lower divi- . -
‘ sionstudents, the paper offers considerablé data and concépts for considera-, -
- tién and efaboration. For advanced students, itis a point of departure toward ’
v specific issues arfd methodological ideas. For all students. food and famine -
- pose persistent questions with a vast and accumulating literature awaiting
scrutiny from a geographer’s w int. .
One fundamental problem in dresdng such a diffuse topic is finding
specific foci for further study and reflection. The paper sacrifices depth for ° o
breadth fn order to provide a multiplicity of starting points. In- reparing the .
‘ paper wa found that our preconceived perspectives (such daptive sys- !
temis and the concept of vulnerability) were insufficient to allow us to ad- : ‘-
v ’ dress the range of questions implied in the world food problem: we hope the ) T
. " student can benefit from the considerable investment we tmade before other . o -* :
. foci began to emerge. ' i :
‘. An additional problem is the identification of data sources. We have tap-
; " ped only the surface of a vast amount of data and literature, and our citations
. willl suggest sources from awhich ens can develop more detailed analyses.
+~ , There are innumerable data sets on food production and consumption for
) manipulation, mapping, and analysis.' The apparenfly prosaic nature of map-
’ : " ping, tabulation, or statistical analysis is'deceiving. In workjng with data. )
.o one invariably discovers questions that might otherwise have been misset . ’
: and is forced to recognize beth the virtues and the limitations of data being ,
"+ The reader will quickly discern major topics relevant to the world fd o - -
', problem that-we have oversimplified or completely ignored. One of these is - ) .
.o the disparate nature of food consumption at a subnational [evel as differen-
i by age, sex, income, éthm"c identity, region, or other istics.
" Another is the food production and provision system of centrally planned or
sociglist economies. In addition, we have the historical processes
by which industrial agriculture evolved, as well as the enticing and impor- ’ E
" tant living historicdl-farms such as Old Sturbridge Village in Massachusetts {
and Living History Farms in Iowa. There is no end to meaningful directions
’ for individual and classroom exploration. e
: ©+ We trust that this paper will prove useful in other than specialized «
- ) courses: Virtually any dimension of basic human geography can be illus-
«  trated by questiens of food and famine, and it is in introductory courses that
this paper may have its greatest impact. A seminar on the world foocf)mb-
lem, though, sounds intriguing .. .- - - - .
v - . . ,
o, : C. Gregory Knight : -
B T ' ‘ ) R. Paul Wilcox: :
3 ‘ ) . The Pennsylvania StateUniversity . -

—— S
’




1. THE WORLD FOOD PROBLEM e
Is There a Problem? ; e e e T S
The World Food Situation .. .. e T e /. P
A Geographical Assessment y
" Energy and Prote Need
. National Diets .’ .

Food Excess and Deficit
. FOOD SUPPLY SYSTEMS

14

Traditional Food Supply Systems
Food Production

Agricultural Development—The Green Revolution N
Common and Contrasting Elements
II. SOLUTIONS . e
The Adaptive Man stem ..
Technology

L

gt L /oo,
Decreasing Resource Demands by Ipdustrial Agriculture

Animal Versus Plant Protein ... ............. . . .
3 AwiC-hemlmls Y Ve P 0 L
.o ‘Enhancing Local Initiative in’ Developing Areas
: The Risk of Dhality "
IV. PROSPECTS ...




j < ’ viii
.

. » .
- . -~
. } ' .
A \— |
L 3 = ’
' P . ‘ - ,
-, ; -
gt - \} LIST OF FIGURES .
"1 World Grain Yield. 1960-1976 ... 7o.. .« eevime o o s e oo e e e 7
2. Dietary Composition and National Income. 1962 . ... . ...... ~ L .1
3. Dietary Composition.qf National Caloric Intake e ST 1
4. World Pattern of Diet Composition. . . .} - P A " 15
/ ‘5 World Pattern of Caloric. Sufficiency ... . . . . e e 16
6 World Pattern qf Dietary Balance . .. C e e T e e 18
7. The Structure of the U S. Foqd System .. ... . . 23
8. Hunger in the United States. 1973 ... e e e 27
9 Energy Input and Farm-Qutput the U.S Food System 33
10 EnergySubsifly of American Adriculture.. 4. ... .. ... .t e
*11. Adéption of Impreved Farming Practices in Aroop. Pakistan:' ... . . . . - - 40
. 12. Problems. Solutions. and Implicit Futures in Views of the World Food Problemr .. . 46
-13. Information. Adaptatién. and Continuity in'a Man-Environment, System - n + 47
14. Problem Solving in the Adaptive Human System .. . : 47
15" The Structure of the Agricultural Sector of the World3 Model . . . 50
16 Population Growth and Resources® . . . : o 51
17. Stability in the Agncultural Sector of World3 : ) 51
Voo, ) :
. o ~ v
)
N ~
- ~ b 3
- ‘ +
‘ . L4
- i \ ‘ -
’ . :




/. ‘ " -
' / " - .
’ - 1 \
, / . ‘
/
L . ' . ¢ > - - 3
. ’ < .~ LIST OF TABLES , )
1. A Spam;l' 'T'ypology of “Causes” of tﬁe Werld Food Problem ... ... Y
* 2. Estimated Magnitude of World Malnutrition, 1970 ..... .. . . T 5 :
. .3 WorldFood Reserves. 1961-1975 ......... ... . .. .. . .. N )
4. Indices of Population and Food Production .. .. .... S e L A 4 .
5. Percentage of U.S. Assistance Received by Major AID and PL 480 Recipients ....... ... . .. 8 )
™ 6. °Annyél Per Capita Grain Consumption. Middle 1960's . . ....... . .. . R
7. Factors Affecting Nutritional Status .. ... .. .. P S ; S 1
8. Caloric. Allowances in Feast and Famine .,..:. .. ... G e fe e .. 10
9. Protein Content and Utilization . . . . ... R S o 11
10. Safé Levels of Protein Intake .. ... ... . .. .. ., . - N U | |
"11. D'rEiaryCompositionandBalanoe....-._..f'... e e 19
* 12. Structural Eléments of a Food Supply System' .. ... 4 R ) SoLL22
13. Indices of Farm Inputs. 1950-1974 ... .. .. .. .. e 3 s
14. Concentration in Agricultural-Input and Processing Industries, 1967 ... . . . 26
15, Monopply Overcharges . ... . , . . Ce e e e e . 26
16( American’ Food Expenditures as a Percentage of Spendable Earnings 1973 27
* 17\ Average Crop Yields for,Basit.Staple Foods . ...~ . .. ) . S : 28,
s 18 ‘World Consumption of Agricuitural Inputs. 1973 ... - . .. . | oo S . 28
19. Potential'Net Photosynthesis of World Climatic Regions . . . . . . . .. .. .. .29
20. Energy Inputs Per Acre of ComProduction. 1945 4nd 1970 e .32
21. Energy Effieiencies in California Food Production. .. ... . ... e e 33,
22. Energy Use in the US. Food Systemr .. ............ e S ... . 3
. 723. Energetic Efficiency of Traditional Food Production”. .... .. .. : .. . . . . 33
. 24 Inputs and Useful Outputs from U.S. Cattle and Indian Cattle and Buffalo.1972. . .. .. 38
25. The Netwérk of International Agricultural Research . | . R 39
26 Increases in Profits and Level of Living in Selected Areas with Modern Rice Varieties
inAsia .c.. .. .0 I e oo 40
27. Length of Family Food Shortages in an East Java ViHage Before and After’ Acceptance of
M?demgjce\’arieties e e . o .
28. Technological Solutions to the World Food Problem . . ..: .' . T .49
29. Assumptions of the Agticultural Sectof of World3 .. ~ . Y/
'30. Estimated Livestock Conversion Efficiencies *. . . ... ... .. .. L .. 52 Y
31 Comparative Resource Use for Human Protein Supphly Alternatives .. ..... - . .. .. 53
. N -
] Qﬂ
\
1 l/ -
) = ! - .
— ' ‘ -; *
L - ~ i
Y . * ) )
!
- D
> ,
. ix N
' L}
N . :




The Blind Men and the Elephant //,
It was six men of Ifidostan
To learning much inclined. .
‘Who went to see the Elephant T
(Though all of them were bliad). * )
That each by observation .
- Might satisfy his mind. ot

The First approaclied the Elephant.
And happening to fall T, ..
Against his broad and sfurdy side. '
At once began to bawl;
“God bess me! but the Eléphant
~', Is very like a wall!"" |

The Second, feeling of the tusk. ]
Cried. "'Ho' what have we here - .
So very round and smobth and sharp? M -
To metis mxghty clomx .
This wonder of an Elephant -
Is very like a spear’”’

The Third epproashed the omma»l 7 =
And happemng to take

The squirming trunk within his hands, |
Thus boldly up and spake: : .

“] see,” quoth he, “‘the Elephant A

Is very like a snake!”

The Fvu;m reached out his eager hand
Ard felt about the knee.
'‘What most this wondrous bedst 1s hke
Is mighty plain,” quoth he;  _
 “Tis clear enough the Elephant -
Is very like a tree!”
The Fifth who chanced to touch the ear,
Said: “E’ens the blindest man - !
Can tell what this resembles most;
Deny the fact who can. *

This marvel of an Elephant .
Is very like a fan!" . , . ‘
The Sixth no sooner irad begun . )

About the beast to grope.
Than; seizing on the swinging lml
" That feH within his scope.
“[ see.”” quoth he, the Elephant
Is very like a rope!’ <

And so these men of indostan -
Disputed loud and’ long,

Each in his own opinion .
Exceeding stiff and strong. '

Though each was partly in the right . ° '
And all were in the wrong! - °

]ohnGodfreySaxe(przj ‘ R




«° INTRODUCTION. ' = " .

) Problems of food supply and famine are among thé The costs of famine to human society are obvious in
" most bewildeting, diffuse; and.frustrating 6f man- . 'the catastrophic ease. But we must remember;, the
.- kind’s contempdrary 'dilemmas.!Wiﬂ:.tih the lifetime .~ high price paid in infant mertality, protein malnutri-
" of each of us, official vigg¥s of the world féod situa-. . tion, impaired physical and-mental well- ing, and
tion"have ranged from dire predictions of starving  early death from disease that occur in areas of peren-
Hordes to expectations of a nirvana of plentiful food nial huinger. - . R
-supply, only to. return again to iipending doom.”  .Becau € Tood is necessaryto survival’ it-ig little
Even while one view was in yogue, there remained . wonder s&“ its producgon, availability. character,
proponents. of the oppogite opihion. One expert and consuniptiog pervade human society. For tradi-.
*. -states that famine is imminent; anether that ourabil-  “tional societies, prpvision gf food is a significant ac-
~ ity to feed the world's people adequately is findlly . - tiwity and a primary concern for all members: In in-
within reach. ‘As-residents of anr industrialized na- ™ dustrialized societies, increases in inflation {nevita-
tion, we aré'told that‘advanced agricultural technols~4 bly bring the television commentator to the grocery
ogy nof only provides us with food for a lower pro- . * store. Food is sustenance. It is pleasure Food i$ the
" . poftion'of income than elsewhere, buffis alsothehope - productofthe backyard garden; it is a mulfimillion,
for successful- agricultural.development in the  dollar business. Food is life, politics, matter, energy.
" - poorer nations. On the gther hand, wearg accused of . Think, for a moment, of the nature of food. Yeur -
profligate consumption of resources and wastefu] first theughts may focus on its nutgjtional
ddherence to diets that 4re morally unjustifiable in a - components—caloties, protein, - vitamins,
hungry world. Fhe fugdamentals of our po and  minerals—regalling your modicum of knowledge of
economic systems. aldng,with our technology, are these elements. In addition, you may reflect on the
questioned in the facé of persistent hunger within events that are the context of food consumption: the °
the industrialized natiSns. Even among those yv%o " wedding reception’ the bowling banquet, Sunday
agree that there is a world food problem, there Is dinner.the quick lunch dlong the highway~ the rever-
“widespread disagreement on its causes and potential . ent taking of bread and wing. These events
consequences, lej alone its solutions. Commodity * spggested a wider function of fow ! that is, food a
id, the diffusion of technology, and policies of ' its ingesfion’ as \a social act, laden with symbali
-+~ triage are among the responses that have been pre- value,-tying le together. Food symbelizes time
. posed.! It is understandablg that .we may see our- . of day (bacon and egg?: tea and crympets). season of
selves as one of Saxe’s blind men, when even expertg_  year (eggnog and frujtcake:; hamburgers and potato
.~ cannot agree among the sBlves. L salad), and ceremonial events (Thanksgiving "tur- «
To most of us; famine connotes a lack of food, lead- key). Hot.dogs would-be as out of place at a White.
. ing to starvation. Most famfliar,-perhaps, are famines House state diniier as ham at a'Bar Mitzvah. What we
the Saheli:g region of West Africa or in Bangladesh. ’don’t eat is, often as’ meaningful as what we do. .
However. there is a more insidious Kind of famine: " In considering.the actual physical cHaracferistics
the virtually continuous lack of food elements that of food. apother set of food related functions maysbe
'»8ustain optimum growth and well-being, that protect . obvious. Color, texturg, arrahgement on serving dish- '
against dietary deficiencies, and that strengthen the es. sequence of courses, and other attributes
.body against infection.' Thus it is useful to distin- suggest an aesthetic rofe of féod beyapd its nutri-
guish two kinds. of food' shortage. perennial hunger.  tional role. What about food that. aﬁeen highly -
, - nn;lr‘cata:tropbic famine (Mayer, 1976): oo * modified in form, such as alcoholjc verages? Is the
' "Hunger—insufficient caloric, protein,.qr fotec: function ¢f imbibing only nutrition, or is it eveh nu-
tive 8e‘;ements on a gustained Easis, iné?efi?ﬁte in - .trition? Dpes -the kind-of beverage have'symbolic

.

i

% time ften dispersed i - " connotationy? o . L
Famigle)i(f)ooe; 'dtla:"léisr'ncy,ml:ap;iﬁfg to starvation, ' Sustaining-the pervasive role of foon( consumption °
with a short-terar proximate cause, definite dura. . in society are food'supply systems, ultimatelyrooted .

=~ #ion, arid 3pecific spatial locus. “ . . inthesoiland sun, extending from food producers to

' p consumers. In the case of traditiohal dgricultuge’in

' Triege cefers to the separation of wounded or inured people ~ developing areas, even the presence ‘of cash, crops

inito three groups: those who will survive without treatmentt thise does not alter an enduring pattern of the farm family -
who will sutvive if trested, aed those for whm treatment cannot.

Towed to di ; -supplying most of its own feod. producing little~
:,, paper.’ end ;:,T&;an ;:,i:;la:;emf:::: 0‘:. surplus ds a reliable food source for others. The pro- °
hopeless to own Malthusian fate ’ ducing unit ig also-the"consunﬂngynit, at least antii\

) » . - .
J ! . - - . . ’ *
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_ networks. Then, between«these extremes are
- supply systems based on the so'called “green revolu~
.. tion” farm. beneficiary of improved crbp-vgrieties

famine strikes and food must be supplied from altes-
_native local. national. or international sources. At an
opposite eéxtreme is the farm in the industrialized
wo
jokds. with each, employée fegding 25 People who
live or work elsewhete Here. food consumption is at
the far end of a long and complex chain knking
farmer to consumer Among links in the chain are

flows of materials and ideas to the farm from agri- .
business and uffiversities: flows of money, ihduce-. -

ments. and subsidies to the farm from grain dealers.
food processors. and government, with a return flow
of farm productg and links' between dealers. food
. processors, wholesalers, and retailers'to the ultimate
consumer. depending on heavily used transportation

and agricultural techniques developed in local and
international research institutes Here local con-
sumption may also persist. but increasing in impor-~
tance are.sources from which-farm 1nputs, ‘are ‘se-

= cured (seed, fertilizet, - chemicals) and markets for

>

~ let us simply define this problem as t

disposing ‘of farm production Cash and material
flows become 1fhportant. as does the institutional
framework supporting them. At various‘glaces on
emerging chains anchored in the gfeen revplution
farm are multinatidnal corporations, philanthropic

organizations. internafional agencies. marketing -

boards. and consymers . ~
The 1ntent of this paper 1s to enhance dur undeér-

. apparent
inabifity of the world’s people to feed themselves
adequately and consistently The problem is far more

standing of the world food probiem For l?moment. .
h

complex than that. of course, and its'causes (real or

imagined) ‘are 1ncredibly intractable As geog--
raphers. we have the advantage of a holistic perspec-
* tMe from which tp undertake our‘analysis—we can
” see the proverbial forest as:well as the trees Because

the warld food problem has many forests and ip-

numerable trees, we must focus our discussion on
some basic 1ssues that may help us td generate in-
sights as well as place a multiplicity of data Into a
comprehe \gible framework Our specific purposes
and approaChes are these: :

. v - .I .
First, we ask whether there is a world food prob-
lem. suggesting an affirmative answer:

. no longer appropnaje for “country bumpkig’ " -

“food |

v

a

_Second, we explore some dimensions of.the.world
food situation, including a geographical perspec-
tive on the factors that gantribute to the problem;
Third. we analyzé some important aspects of foed-
supply systems. with particularattention to a crit-
ical questioning of industrialized agricultuve as a
solution to-the world food.problem;

FouMH, we discuss poteritial solutions to the

‘world food problem. siggesting the risk of in-.

credsed duality and triage; and .

Finally..we conclude that although~no panacea

exists. there is hope that equitable. humane solu-

tions will prevail. :

’ , ¥

One of us,was once visiting Everglades National
Park in Florida. There. a bright and seemingly en- .
thusiastic young park ranger explained the ‘ecology _,.

-of the area Subsequentlysshe soberly explained that

thg Tife-sustaining water-supply to that vast area #as:
threatened. and that here was an excellent opportun-
ity to momtor the impact of-human activity.gom-’
pounded by mature’s variabilfty With amazement we
noted the rarger’s virtual lack of passion as she de-
scribed past and present ecological devastation
caused by, man Later we realized that scientific .
aloofness and at least superficial indifference make it
possible to cope with truths that may be.emotionally
intolerable So too. scientific detachment makes dis-
cussion of the world" food problem possible. How-
ever. two, forces mitigate against.a lac of involve-
ment. First, we are participant dbservers in the
stene Whether we experience higher food prices or
the sense-dulling spectre of dead-and dying children.
photographed in famine-stricken areas. we shall find,
it increasingly difficult to hide our personal and
humanstarian concerns ‘As students, e examine the
problem,.as Amencans,-we are. from some® view-

‘paints.” the probled We are reminded of the 1960's

slogan, *'If you're not part of the solution. you're part
of the problem.’: Seeond, ‘as geographers we are
among those whbdse intellectual bent is toward human
organization of space and use of resources; The cur-

" rent situation calls forthud®ery 10ta of our personal
- and proféssional competence to understand. if not -

solve, thé world food problem.

. .

N Pl

. * :b'
The spectre o?famme 1s increasingly our daily,com-
panionin the world  Almost everyone has« differ-
ent answgg {john Deere advertisement 1976)

L3




I. THE WORLD FQOD PROBLEM .

.
[] . £ - [ Y

e ] . The wogd food sitdation is serious, even Chkaadai = . -
. . . Itis also true that the world'may hay, L ws g “. :
) - time in history, the ability to deal ’ , )
s : tlye interacting problents of food pr. Wk, rapid - .

; . . Ropulation growth and poverty. | ST
. L Sterlfng Wortman 51976:31) ”
' -

- * »
M -

[ »

- Is There A Problem? - response to projected surpliMes.’Ominous predic”
. Shortly after its creation, the Food and Agriculture _-tions about chafiges in glpbal climate appeared (Bry-
Organization of the United Nations {(FAO) issued the . - soh, 1976), suggesting that crop faidures in northern,
fisst of its World Food Surveys (FAO;s1946). 'Based areas and famines in tropical, semiarid areas could
- ont an assumed daily caloric requirement of 2600, _ become the norm. Brown (1974) critigllly assessed
calories pet perdon, it suggested that two-thirds the world food situation, and Eckholm%1976) more
of the world's population_was: malnourished. T}  ° recently documented dcological decline in major
nd World Food Survey (FAO, 1952) took into . food producing areas. A continuing debate over
unt regional differences i body size and gge- — population growth with respect to resources was en-
sex, distribution of the population, still suggesting capsulated in"computer simulation models &f world i
that.a majority of the world’s populatien went hun- , futufes that suggested population growth and
gry, a view still held by the FAO in 1861 {FAO, 1961)"  économic collapse (Meadows et ai., 1972, 19M4). Had
and in its- Third World Food Survey (FAO, 1963]. the FAO overstated food problems in the 1940°s and 4
Pessimisin the theme through the 1950's and /1950’s? Do current FAO, food estimates understate ¥,
1960’s {PSAC, 1967). with famime predicted by 1975. supplies by ten to 15 percent, as suggested by Pole-
A series of popular works echoed the theme, includ- ~ 'map (1975:51 1)? Was the optimismof the late 196Q's
ing books by Vogt (1948), de Castro (1852), Russell unwarranted? Is the present problem ovErstated
(1954). Paddock . Paddock (1964, 1967), Ehrlich .(Poleman, 1975)? Is the apparent food problem sim-
(1968), and Dumontiand Rosier (1969). By the late ply a result of transient factors (production shortfalls..
" 1960's, pessimism*had become alarmism in some* and lack of grain reserves) or symptothatic of a*more .
quarters, whereas officidl views tumed in the oppo-* enduring Hilemma (Sanderson. 1975; Walters.
sife direction. Optimism expressed by Bennett 1975)? Is the world presently ov rpopulated: (Whit-
(1954). Clark (1967), and'Cochrané (1964), - taker and Likens,,1975); about to become overpopu-
leled by official views (Boerma, 1970). In'its State of . lated (Meadows et-alt, 1972): or capable of support-
*~. Food-and Agriculture for 1969, the FAO ‘predicted - - ing double, if hot ten times its present numbers -
surpluses rather than deficits. reflecting a com.’ (Clark, 1967: dewit, 1967)?
bination of peak world grain stocks accompanied by |  That malnutriffon exists is not disputed, nor is the
significant downward revision of human caloricand’  occurrence of famine. What is disputed is whether
.” protein needs by World Health Organization (WHO) these events simdply-reflect an inability of local food
and FAO expert groups. The promise of the “green "systems to overcome social, economic and spatial

N

revolytion” eontributed to a-general euphoria (Wal- barriers‘to equitable production and’ provision of

.

)

ters, 1975). In 1970, the U.S..Department of Agricul- food, or whether these patterns are harbingers of 3. .

ture’s {USDA) Economic Research Service projected future fn which hunger and famine wijll be increas-
a supply of food and fiber in excess of demand .+ ingly commonplack. On¢ resuls of this disagreement
through 1980 (USDA., 1970). A major problem seen and uncertainty is a plethora of ideas about causes
in the early 1970's was how to dispose of agricultural which contribute to the world food problem It is
surpluses (Poleman, 1975). In 1971, an FAO nutri- possible t5 sbe a sample of these causes jnsa geo-
tion group again cut.caloric needs and protein needs ~  graphical framework (Table 1).

by ene-third (FAO, 1971b). o

" By the middle 1970's, pessimism again emerged. ‘creating food ‘problems are suggested. Two en- .
Grain stocks had dwindled as a result of production vironmental perspectives can be discerned. The first
shertfalls, coincidentally followin,g a sybstantial de-’ argues that food problems, even famine, emerge from
creese in Canadian and American wheat acreage in accasional vagaries of environment, _igzluding

. ' -
«

. ' 3. ’
Q 4 .

1

At a world scale, a number of pervasive factors, ~

-
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TABLE 1 A SPATIAL T,'fPOlﬁGY OF “CAUSES" OF MRLD_ FOOD PROBLEM

~ Worldwide Problems: - . -
Occasional'natural catastrophes  ~ EaR

- Deteriorating world ennironment

Imbalances between commodity supply and demand_

Lack of commodity reserves ..

Warfare and civil disturbance . .
Cultugally-based food prejudices - s
Declining ecological gonditions in food-producing

* regions . . )

- The Industrialized World, o ’

*  Excessive use of matenal and energy resources
Potlution L )

Inefficiént. ahimal protein-based diets
Insufficient application of science and technology
Excessive government control

Insufficient research funds

Convsrsi_on of farmland to competing uses

-

«

‘ !

The Developing World:

Industnal-Beveloping Wor}d Links

"Lack of economic 1ncentives

Excessive population growth -,
Imbalance among population. resources. technoloBy

‘-

Lack of development * . .
Insufficient government attention to the rural sector _
Inability of traditional food supply systems 1q tope

_ with change : '

-

Inequities 1n access to resources
Insufficient research and technology transfer
Lack of development planning

Insufficient food ad - - -
Excessive food aid . )
Politics of food aid . -

'lna{propriate technological reseerch
Lac

of instyutional structure
Inappropnate role of multinafional eorporations
Insufficient development of agribysiness

Source Compiled from souttes listed 1n the bibliography

-

drought. floods. earthquakes. agd other natural dis-
asters. The second argument suggests that these fac-
tors may become increasingly probable, that world
environmental conditions are deteriorating, particu-
“larly in response fo human use of rescurces and an-
thropogegic pollution.? ImBalances between supply
and demand on the global scale. accompanied by
lack of reserves to meet the needs of catastrophic
famine, are also important. So too, patterns of war-
fare and civil disturbanceé are worldwide in-distribu-
tion. Culturally based food prejudices limit use of
~potentially valuable food resources. or create de-
mands for higher “quality”” foods, much less effi-
ciently produced. Finally. there is a widespread de-
cline in the ecological conditiohs i food producing
regions, urfortunately corresponding o ever-
increasing demands for productivity. ,
Some analysts find fault in the system of indus-
trialized aggiculture that characterizes much of the
Western world. Some argue negatively that the prob-
Jlem 1s industrialized agriculture—that it uses re-
sources profligately. imposes uncompensated pollu-
tion-costs onghe envirgpnment, focuses on inefficient
food conversion through animals, and diagpostically

1]

of observers havp suggested that climatic
change may occur as a résult of poll by particulates and
carbon dioxide Warming of the sarth’¥ atmosphere since the
1880's may be attnbuted to increased carbon dioxide. which en-
hances the greenhouse Since 1940, global cooling may be
related to particulstes. whose reflection of soler radistion may

* A large num.bft

have offset the CO; effect Recent observations in the Southern

Hemusphere give credence to these theories That ares appears to
be &xperiencing 8 contemporary warming trend. which could be

- related to rapid CO, diffusioff 1n the atmosphere. but particulate. ’

concentrati®n in'the industrialized Northern Hemisphere. which

hys leed to northern hemispheric cooling. could be mistakeg for
s worldwide trend {(Damon and Kunen, 1976}

_population problem is really a pr

- Later we will be looking at

- three groups: advancement

Y
represents the overabundance, indeed the gluttony.
of the industrialized world. Some argue positively.
that the world food problem.could be solved more
rapidly if impediments to the already incredible
productivity of industrialized agriculfure were te-
moved. Among such impediments are nsufficient
research and development of techaology. conversion
of farmland to nonagriculturak uses. and excessive
government control. As bumper stickers in the Mid-
‘dle West suggest. “If you complain about farmers.
don't talk with your mouth full.”

Other viewpoints lay blame on }lhe d#veloping
world, with a primary focus on excessive populatio
growtl, particularly in relation to local resou
and farm technolegy. Traditional farmer perversify,
lack of-economic incentives. inattention to the 1
sector, and lack of development in general are
contribute to an increasing inability to feed burgeon-
ing populations. - .

A fingl perspettive addresses the links Yetween

the industrial and the developing world. Oy the one
hand. jtis argued that fpod problems are syfnptomat-
ic of gfeater inequities in access to resopirces; that

plahning. end insufficient food aid. ln contrast, it
has -also argued that there*has
food aid; that technological research Jas been largely
inappropriate to the developing watld; and that the*
lem of excessive

from theff'ndnstrial world, a lack of

resource demands by the indus

solutions to the world food and/famine problem. At
that time. we shall see that thege can be classified in
technolegy; .popula-
and the world

tion control: restriicturing
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number of s})eciﬁc solufions. and both mtegory‘and

specific remedy are predicgted by partictifar notions
of the nature tFthe-problem Theseswhq see the'prob-

lem @8 one of excessive_govemment contrel are un-
likely to see government- or ‘internationally-

organized redjstrfbl‘Lliqg of world wealth as a_solu- .

tion, dny more than'those who define the problem as
Inappropriate technological research for developing

countries are likely to call for a greater rple for the -

there are no clear dichotomies between roblem def-
initions and proposed solutiong, fhe

ity of the problem suggests aﬁproba
ideas among perspectives.

multinationdl agribusiness corporati:?. Although

The World Food Situation -

The world food situation in the mid-1970's can be " -

characterized in a few poignant phrases
(1) Fifteen percent pf the world's people mal-
"+ nourished '

" (2k Declining world ¥pod stocks. both.in kind and
10 potential production from 1dle cropland in
major exporting nations . .

(3) Increasing food and farm input prices .
(4) Iacreased food demand to meet needs of
population growth
(3} Further growth of demand due to per capita
increases in consumption as income nses
(6] Crop produdjonincreasing slightly more
.-ghan population as a result of modest in-
creases in yields and increases in. cultivated

- land .o :
(7) Declining world grain yields =
(8) Increasing world food trade fbous on selffeted

industrialized nations

” (9) Continuing importance of food ;'-xic! ‘from the |

industrialized nations c.
{10} Significant déviation of averfage natignal
diets from normal requirements. including
- both overfed and underfed populations.

To some. these observations suggest our -present _
proximity to the levels of population beyond-which

the world's population can no longer be fed To *

.

Ty compléx-
ble,‘conﬂict of

.

others. they connote a-decreased ability fgr success- .-
ful national or international response t¢®threat of
catastrophic famine. There are few who vigw the
situation with optimism. ‘

Since many of the observations listed are dealt °
with in materials easily-secured elsewheré (e.g.’
Brown. 1974; USDA. 1974a). we will summarize
each briefly before turning to a geographic perspec-
tive on the present world food situation. As we shall *

* see. it is extremely difficult to judge nutritional

status"from national level statistics on population
and food production Data at that level-obscure im-
portant dietary varialops imdifferent locales, gmong
. different socioeconomic groups. and among various
age-sex groups in the population. Nevertheless. na-
h'om level food consumption statistics developed
by FAO in the 1960's (FAO. 1971a) and for the
industrialized nations by the Organization for,
Economic Cooperation and Development (OECD.
1973) reflect a conclusion arrived at by many
localized dietary surveys- perhaps one out of six of
the world's people is malnounshed (lacking suffi-
cient caloric or protein suppliesj. codcentrated prin-

-cipally in the developing regions (Table 2). The FAO

suggests that'ope-half of the children in deteloping
countries may be malnounshed (USDA. 1974a'50)*
However. if, (a very big IF). only a smal] proportion

— of the wBrld's grain production now Ted to livestock

were available. when and where needed, aggregate
dietary insufficiency could disappear The needed
25 million metric tons-of cereals (USDA. 1974a:51j)
represents less than one-quarter of the grains pres-

ently fed to livestock in the United States (OECD.

1973), and an even smaller proportion of the total
land used to produce feed grains and forages for

. hivestock that.could produce human food

World food'stocks have dechined drastically 1n re-
cent years. Expressed as the number of days’ supply
of wotld grain consumption. grain stocks dropped,
from over a 100-day supply'u? 1960 to about a 31-day
supply.in 1976 (Table 3, Brown. 1975:1054).
Through the 1960's. actual grain stocks could be in-
creased by- one-third to one-half by bninging idle

cropland in the Untted States into produation. land
- o

p

TABLE 2 E'STI\i.TKTED MAGNITUDE OF WORLD MALNUTRITION. 1970

Insufficient ProteinEnergy S'upply

. ’ . Population "Numbers -
) . Regon (billdons) ~ . . Percent {millions)
R 0 ~
* Developed Areas 107 3 ' 28
Developing Areas® 175 25 434
Latin America . Q28 ’ 13 36 ’
Far East s - 102 30 , 301
Near East ° : 017 - 18 : . 30
Africa oo -028 ' 25 : 67
World Total* " 283, 16, - 462 .

* Excluding Aman centrally planned economies
" Source USDA (1974a 50) from FAO statistics. 1974

\ \
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being heldiunder the Sod Bank. Cropland Adjust-

" ment. and dther programs (Kasmussen et al.. 1976).

. % < By 1974, no longer was aseventh.of America's crop-

k grams, repovingan important bank account’’ of po-
tential food production. <7

. Americans, spelid. on the average. a lower propor-

- tion of income onr food than residents of other.indus-

trialized nations, but food price increases seem as

‘ions about how much these increases really reflect
off-the-farm. commodity prices rather than price in-
crements in processing and marketing. Nevertheless.

~——

high input prices (for fuel and fertilizer, for example)
have meant a s increase in food prices since
1972. From 1950'to 1970°food prices had been fairly
stabfe, but between’1972 and 1974 Wheat and rice
. prices tripled. and soybean, prices more than dou-

bled (Brown.'1974:62). Particutarly important are
** farm input price rises both in industrialized areas
and. most crijicajly. in developing areas with al-
ready marginat food supplies. From 1971 fo 1974
fertilizer prices increased seven or eight times be-
cause of higher energy prices and shortages. By early
1976, however, prices had dropped to 1973 levels,
only two to four times the 1971 prices.’as production
\ capacity met demand. Higher input prices may offset
\ any incentiye offered by higher crop prices and add
. -additional foreign exchange burdens to nations with
insufficient. domestic supplies.
~ Food demand is projected to increase to nearly
twice the 1970 total by the year 2000. both because
of population increasés and changes in per capita
food requirements. Not only will there be some six or
seven billion. people to feed in 2000. but should
modest incréasesin per capita level of living occur,
demand for basie,starchy staples will decrease, and
demand for lidestoak p%d
cellor and Goss: 1976:213).
eggs. and milkio.mee aeirfg demands is based on
\ . allocations of resou animals that could pro-
. . duce food for man, these demands will represent &

) land hild hack from grain productien by such pro--

important fo us as to others.There are differing opin-

recent production shorages. worlkd demand. and -

ucts will increase (Chan-
production of meat, -

-

four- to ten-fold multiplier of inputs. because of
conversion losses in animals.
Through the middle twentigth century. the world
- {with the exception of certai countries) has kept’
food production stightly ahead §f population growth
(Takle 4). The developed cbuftries accomplished
this primarily by yield expansiop. and the develop-'
ing nations by a combination o yield and area in-
creases (USDA. 1974a). From thg base years. 1961-
1965. the developed countries’ in population
(10.2_percent) wasvmore than o by expanded
production (33 percent). The developing areas
almost as great an expansion of ction durt
the same pgriod (3Z percent). but greater Phpulation
growth kept per capita food increases\at-a margin-
al level (Table 4).
S Grains supply over one-half of the®o world food
energy needs. The fairly steady increase in grain
yields experienced through the 1960s reversed in
the early 1970's (Figure 1) A number of factors may
have contributed to this. including weather.condi-
tions, release of idle cropland of less than average
- fertility, highéenergy prices. high prices and shor-
tages of fertilizers, shortened fallow cyclef, and use
of animal wastes for, fuel rather than for fertilizer |
(Brown. 1975:1058). The leveling of agricultural
prodiictivity, particularly in industrialized areas.
raises questions as to whether yields can be in-
creased further T
World agricultural irade has increasingly focused
on Nerth Amenca and Oceania as seurces. with
Western Europe a continuing “’sink:"” Latin America
and Afriga changing from net exporters to net impor-
ters of grain: and Asia changing fromi a parginal net
exporter to a major tmporter (Brown. 1975:1055). Re-
.cent increases in wheat production in the major ex-
" porting areas have come largely from expansion of
land.in production. Potential increases in U: S. land
in crop production through the end of the century
~are considered minor. with gaitis in forest- and
pasture-to-cropland conversion and potential new.
irrigated land offset by nonagricultural competition
for land {USDA. 1974b; Zeimetz et al., 1976). The

-

TABLE 3 WORLD FOOD RESERVES, 1961-1975

Y : Reserves (10* metric tons)® ,
) ' Reserves as Days
. Grain Equivalent of . of World Grain
Yedr Grain ldle US Cropland . Total Consumption
1961 163 " 60 - 2314 105
1965 147 71 -218 91
‘ RS \.]970 188 . 71 25‘9 . 89

19‘75 m . X H 0 111 35 g4

» Carry-over stocks at beginning of crop year 4

~ Source: Brown (1975). in Science, Vol. 190, December 12, 1975 p 1054
' Copyright 1975 by the Ameiican’ Associstion for the Advancement of Science
Reprinted by pefmission of Lester’R. Brown and Science . . -
' . ' . N
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TABLE 4. INDICES OF POPULATION AND PoooLmouucnon-

‘. . . “\

Developed Countries . Dewsloping Countrlgs® World®
Food Production 1 Food Production - Food Production
Calendar - ° ) A . e
Year Population Total Per Capita Populatiop Total Per Capits Population Total Per Capita
1955 90.3 81 90 825 ; 78 95 857 80 93 .
1960 963 96 100 - 928. 92 99 °94.2 - 94 100
1965 102.3 104 102 1050 104 . o9 103 9 104 100
1870 197 3 119 111 1190 126 106 114 2 121 106
1973 110.2 133 121 128.3 132 y 103 1209 133 110
o S— > i

'E:dudmg)\sinml}yp{mmd
Source: USDA (187422}
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Figure 1. World Grain Yield. 1960-1976 After Brown
(1975). in Science. Vol 190. December_12. 1975, p. 1058
Copyright 1975 by the American Association for the Ad-
vancement of Science Used by permission of Lester R.
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decades since the middle 1950's have breught an_
increasing concentration of general world trade in
the industrialized nations. In 1955, trade among the
devefoped Countries accounted for 45 percent of
world trade and 35 percent 6f world agricultural
trade by valee. By 1972, the respective figures were
57 and 49 percent (USDA, 1974a:18). This increasing
concentration of trade within the developed world is
paralleled in the case of grain trade. Trade between
developed nations accounted for 40.6 percent of the
world graip trade in the late 1950's, and nearly 45
percent, by the early 1970’s. Today over eighty per-
cent-ef the world's grain trade ofiginates in the in-
dustrialized areds (USDA, 19744:20),

There are two inescapablé conclusions that fol-
low from these data. First, food trade Jhas followed |
general -world trade in an increased concentration
within developed nations. Developing nations have.
experienced a declining trade role which has re-

-sulted in a decreased role in international price

' mechanisms

flows of world wealth, often sccompaniéd by seribus
-payment problems.’ The old clich¢ may .

v K

r

* 1961-1965 lovels sot at 100 Vduuhah:‘yu:myhu}a.dnmdthanhmmvﬂm,
economiss - -

hold: the rich get richer, the poor g¢} poorer. The ~
second gonclusion that emerges from grain flow pat-
terns 1g48he focal role of the developed nations as
food suppliers to the centrally planned*and develop-
ing areas. Concentration of supply is in reality great-
er; among the developed nations. only a handful are
major grain exporters (United States, Canada, Au-
stralia, Argentinaj.

A variety of projections of agricultural demand
and production through the middle 1980's (USDA,
1874a) suggests an increasing reliance by the de-

. veloping countries on importing food from the in-
dustrial;

g areas to make up local production def-
icits. This foad would either be purchased in the
world food market or be received as part of food aid
packages. The former raises questions of whether the
pookest countries have available funds, the latter g
wide rarge of social and political issues, including -
dependency upon sources of food and the
consequent vulneralflity of food supplies to disrup-

- tion.

" rial. Seen in the context

. Food aid to developing nations includes com-
modities and financial assistance for rural develop-
ment, under,_both bilateral and multilateral arrange-
ments. Among the most important of the bilateral aid
flows is the .ULS. Agricultural Trade Development
and Assistance hct;(Pubh' Law 480). passed in 1954.
This law. gave authority fO¥ sale or grant of surplus
agricultural commodities for foreign currency,
emergency relief, and in exchange for strategic mate-
of a long series of agricul-
tural legislatidn since the depression of the 1930’s,
this law’s primary purpose was to adjust domestic,
agricultural supply to meet demand, and thus to-

- stabilize prices. PL 480 provided for overseas dis- -

"and decreased participation in the— -

posal of co ities, a role of increasingly major
importance.? beled the “Food for Peace Pro- °
gram" in 1966-67, PL 480 from its inception providet
some $23 billion in grants and loans (cash value of
agricultural commodities) through 1974, of which
five billion of the $14.5 billion worth of loans have

* Studies by the USDA of the World Food Budget (1961, 1984)
all can be seen in retrospect to have exaggersted world food
peeds: nevertheless huntger was politically desirable in the face of
food surplus : -
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TABLE 5 PERCENTAGE OF U.S. ASSISTANCE RECEIVED BY MAJOR AID AND PL 480 RECIP[!}:!‘:'TS

, AID (and Predecessor Agenties)
1849-1974 . 1974

»

* . PL48g,

1954-1974 " 1974

Y >

95 € Vietnam
6.8 Cambodia
56 Indonesia
53 Pakistan

43
.37

S Vietnam
, India
France
S. Korea
_Pakistan
Turkey

'y
: -
.

35.0

212
51
44
32

) 202 S. Vietnam

74 Cambodia 1,_'.,
71 India 273
6.6, Bang b
3.8" Pakistaft ‘5“ '

.36% 0 Te
30

India
Pakistan

S Korea

S. Vietnam
Indonesia
Brazil

U AR

-
e

-

517

s Countries receiving 3 0
Source Galculated from data 15"USAID {1975b}

been repaid. Funds earned by PL 480 sales have been
used to pay local US. government expenses. to pro-
vide Toans for development projects. {0 promofg ©
sales of U. S. farm products. and to advance research
and education {Cochrana, 1969:134). Because there
are various commodities involved (grain§ legumes.
oils. dairy products). tonnages are an inadequate
measure of the volume of PL®480 loans and grants.
which reached one-quarter of total U. S. food exports
{by value) in the 1960’s. By 1974. agricultural ex-
ports provided for under governmext programs’
comprised less than five percent of total U.S. agricul-
tural expofts—$942 million compared to $20.380
million commercial agricultural exports (USDAY
1974a:4%). .

Title | of PL 480 authorizes sales of agricultyral
commodities. primarily in local currencies. and rep-
resents the largest proportion of the program (two-
thirds). Title Il provides outright grants of com-
modities. both directly to governments (one-half of
all grants) and through voluntary service organiza-

... tions (one-half).* Although the act was important for
surplus disposal. it has nevertheless been a small
element in the total U.S. foreign aid picture, never
reaching 25 percent of total economic and military
assistance, and declining in current years (10.9 per-

* cent in 1974). ,

Funds provided by sales of PL 480 food in recip-

.ient countries and other kinds of U.S. foreign aid
are aimed at improv{ﬁg local agricultural productiv-
ity. The Development Assistance Programs of the
U.S. Agency for International Development (AID) in-
clude items directly and indirectly related to food
and agriculture. including food production and nu-
trition (54 percent of development assistante expen-
ditures in 1974-75). population.planning and health
(22 nt) and education and human resources de-
,ve'b?mem (11 percent). Approximately one-half of

* A list of organizations ehigible for this role is prepared snnu-
ally by the Office of Pnvate and Voluntary Cooperstion Buresy
for Populstion and Humanitanan Assistance AID (USAID 1974.
War on Hunger. july. 1976) '

t or move of aid categony for vears specified *

*

3

L
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AID budgets are for ‘‘security assi,s’mce" rather than
_ for “‘development assistance ', Prior to 1959. AID
was not allowed to work on food production:

There was a general belief both 1n and out of gov-
ernment that ofher nations should @ot be encouraged
to increase production {of basic food crops} fordedr
of competiion with U5 efforts to sell 1ts surplus
Stocks or even give them away 1Wortman. 1976 38j

In its presentation in support of the fiscal year
1976 budget. AID argued that bilateral assistapce is
important for focusing resbugces:

k]
—on the key“pmblem areas affecting the poor major-
ity 10 developing countnes 1n mnovative ways.
—on the countnes most _senousli’ affected by the
food amd energy cnses:
—on problems and areas of cnuical U S {areign pol-
icy importance {LUSAID. 1975a 10}

Although the list of recipient nations and organiza-
t{ons in 1974 (including India, Bangladesh. Sahelian
. West Africd, Pakistan. Sudan) suggest an important
humanitarian role of food and food-related aid from .
the U.S . the overall flows through AID and PL 480,
.'both in a recent year and during the life of postwar
aid, indicate the political motivetion of food and
fGod-related aid (Table 5). Brown (1974:69) has cor-
rectly observed:

. Although Amencans decry the use of petroleum as a
political weapon. calling it ‘political blackmail.” the
United States has been using food aid for polincal
pu for twenty years—and descnbing this as
‘enlightened diplomacy
Food aid, including commodities and grants and

loans for ecopomic development. also flows through
international organizations as well as through bilat-
. eral arrangements. Of ‘the total food aid from de-
veloped countries since 1960. the United States has
provided eighty percent of the bilateral and multilat-
_eral contributions. Canada seven percent, japan
three percent. and France and Germany approxi-
tately.two percent each (USDA. 1974a:54) Euro-
pean countries are now shifting to multilaters! pro-

f
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TABLE 6 ANNUAL PER CAPITA GRAIN CO!\'SU\!PTIdN. MIDDLE 1960°s R R 5
. Consumption* . ¢
- y - . " ~ Multiple 7
. - . - J of
Direct Indirect® Total * Tanzama
202 /1791 1903 T o137
200 . 1441 1641 112
344 883 * 1227 84
169, 956 1025 7.0 -
223 B e 625 . 848 - 58,
160 588 Va8 _ , 51 .
305 . ‘242 547 38
320 211 531 36 .
312 118 430 36,
R 288 . 50 348 24 é
N 133 1Y 146 1.0
14 ~ = v
* Pounds per year . o , ) . N

* By animal conversion to eggs. fnﬂi'];rfxdwts.mm

Sources FAO {1971a). modufied from By Bread 4 lone by Leste:

\!

r R Brown with Erik P Eckholm Copynght € 1374 By The Overieas

Development Council Published by Praeger Puhdishers. Inc . New York

e
" grams of the European Community. and considerable
moral pressure has been placed on the oil-exporting

multilateral food programs also inclyde the U.N. a
FAO joint World Food Program and the F i
Convention of the Internationa} Grains A
1967. the latter serving largely to
grain trade and provide moral pe ion for food
aid to developing countries (USDA, 1974a:54).

"+ A variety of other international organizations pro-
vide food-related development aid. including the
World Bank Group, Asian. African. and Inter-
American' Development Banks, the European
Economic Community; apd programs of the U .. in-
cluding the-United Nations Development Programs
(UNDPPRFAO. and WHO. Agriculture has not been a
primary focusamong.all these groups. For example.
two of the World Bank Group members, the Interna-
tional Bank for Reconstruction and Development

"and the International Development Association,
Jointly allocated only 8.5 percent of their funds to
Aagriculture between 1948 and 1963. 12.3 percent
from 1964-1968. and 20.5 percent from 1969 to 1974.
During 1975. however, these World Bank donors al-
located 31 5 percent of their nearly $6 billion budget
to agriculture, with additional funds for population.
water supply. and transportatien, each of which may
assist rural d¢velopment (World Bank. 1976).

" Finally. there is wide .divergence in, food con-
sumption and dietary sufficiency among the world’s

countrtes to fund development programs Mjé)é/

-

1960°S. Amesicans and -Canadigns annually con-

ed 11 to 14 times as much grain as Tanzanians.
Although world food supplies aré more than
adequate for the world’s population. these supplies
are neither evenly nor equitably distributed. A geo-
graphical assessment of world diets will illustrate
this observation. . :

A Geographical Assessment
No single set of data exists that would allow accu-
rate assessment of the incidence and degree of mal-
nutrition in the world's population Nutritional
needs are understood only partially. and food supply
and ultimate consumption are not well documented.

- particularly for subnational populations A wide va-

riety of factors that affect individual*food needs and -
consumption are only crudely approximated by na-
tional averages and trends (Table 7). Such a mul-
titude of factors affects food . demand. and
supply that national figufes, ly derived from
aggregate production and end-of-year carry-over, are

" potentially misleading, with between-country varia-

tion in average diets undoubtedly- smaller than
within-country extremes. In many.developing areas,
seasonality of food supply creptes marked variation

, between “hungry seasons” and periods of adequate

food supply. Keeping in mind the variation that any
statistic may hide. we will assess the broad geo-

peoples (Table 6).. The average American consumes graphical variatic:ns in dietary sufficiency.

3320 calories per day. about one-quarter more than
established needs. Canada’s annual per capita grain
consumption is nearly one ton. only ten percent of
which is consumed directly, the remainder being
corverted to eggs. milk products. and meat. In the

\
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Energy and Protein Need

In discussing human food needs, we will, focus on
energy and protein, two of the most well-known of

*
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. YABLE7. FACTORS AFFECTING NUTRITIONAL STATUS

Need: ‘-, . .
Age.sex. hody size. activity .
Pregnanry and lactation -
Health and biological utilization of food
Prophylactic or curative needs :
Environment .
Varistion around average or typical needt”
Demand: -,

.

“energy needs of a reference or standard mar and
woman with respect to activity on a unit time basis
and to derive idealized daily epergy requirements
based'on a mijnute-by-mirfute record of gctivities
(WHO,1973:108-111). Typically,.daily energy.needs
are alsp defined on the basis'of age, sex; and occupa-,
tional category. Allowances may be smaller in criti-
cal food situatfons (Table 8). Beyond the body's
needs, excess caloric consumption is stored as fat,
with about 3500 calories equivalent to one pound

) income ler vel . . (0.45 kg) of excess body weight.
. mm:ru ‘buu:m - Determindtjon of protein rgguirements is more dif-
Government programs ficlt. When energy intake is insufficient to meet
- Education - ' emergy needs, the body- usps proteins to provide

. Food habits and mores :
- Promotion of bottle or breast feeding

pn;ducts

energy rather than to derve its critical metabolic
functions, including growth ard tissue replacement.

. Like energy, protein must be replenished virtually

Supply:
- Producti foodsialff 5 daily. When energy intake is severely restricfed,
uction of utilization of protein added to diets is impaired:
, Seasonality )
. Food processing

When intakes of both eneigy and protein are grossly

Marketing efficiency { . inadequate. the provision of protein concentrates or
Internal and foreign food trade protein-nch food of animal origin may be a costly
- Food and aid distribution programs s s and inefficient wa§ of improving the diets. since

Enrichment of nutrient content in foods

energy can generally be provided more cheaply than
protein of good quality This is an important pointin

S Modifiad D ol 5751, in S . planning for meeting the needs of vul

* we.May'Q. lm.p.?wmg75by(tﬁ7$w£‘ nerable groupg in developing countries. Clearly.
tien for the Advancement of Science, {sed by permission of jesn i energylndproteinmdgsbouldbecomidetedw-
Mayer and Science ) - gether 1m planning for the nutritional improvement

our requirements® If sufficient fobd is available,
people will naturally consume as much food energy
2s required (or more). The FAO and WHO define
enetgyexpenﬁtmubuedupontheneedsofanav-
erage healthy person in & particular age, sex, or oc-
.cupationh! category. It is possible to tabulate the

* Energy needs are essentially qmnﬁhﬂve.m\p;otsim
are a qualitative characteristic of diet. parallel to vitamins. minds-

als. and fatty acids Minimum daly allowances have been.

brmynm(st;rimhnrmdﬁ'mn;. 1976.62-
04) Energy needs are messured in calories technucally termed
or kilocalories.  °

of populations whose diets are deficient in either
(WHO."1973:19).

Thus and protein needs are not indepen-
dent, and safe levels of protein intake must be
specified in reference to energy i

The World Hmmﬁon does not specify
singular, valid for minimum average pro-
tein intake. Some attempts have been made to calcu-
late desirable protein‘energy ratios. Typical human
diets (ip absence of hunger or famine) have am'is-
<ing stability of 11 to 13 percent of caloric i as
prateins, independent of income dr diet COmposi-
tion. Whether this represents the ideal is impaossible

TABLE 8 CALORIC ALLOWANCES IN FEAST AND FAMINE

s . Rehabilitation * _ Temporary . ot

Age, Sex, Occupetjon ,  Allowances Maintenance Subsistence
0-2 years 1000-1200 1000 1000
3-5 years 1300-1800 : 1500 1250
65 years BN . 1900-2300 . 1750 1500
10-17 2400-3000 2500 2000
Pregnalit Lactating Women 2200-3000 2500 v 2000 !
Sedentary 2400-2700 2200--) 1900 -
Sedentary Femyle 2000-2300 1800 S~ 1600

,  Modersts Labor 2500-3000 * ¢ 2500 -~ 2000
Heavy Labor ' 30003500 & 3000 3 2500
Very Heavy Labor 3500—4000 3500 3000

Sowrce: Modified bom Mayer {1975). in Science, Vol. 188, May 9. 1975. p 576.W1975wmwwﬂhm

Mdmmwmdhmmdm
’ ¢

} .
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- tosuggest The WHO prefers to specify a safe level of .  from foods with lqw relative, protein values, one

protein intake that wil] meet physiological needs of must ingest higher quantities of protein and should
nearly all persons in a group. 1n other words a level eat foods with complementary amino acid) camposi. 3
of protein above average requiremrents. An addi- tion (Table9) (Lappe. 1971; Pimenté] et al..
tional complicatren is that protein is not a_single - (1975:754) This does not imply. howeVer, that pro- .
substartce. but any of a variet§ of necessary amino fein malnutrition follows from a largely or totally
acids The protein content of food cangbe expressed, vegetarian diet Complementanty of amino acids °

« as “relative protein value”” 1n comparison to hyman from different fpods (for example wheat and beans)
milk or eggs. which have the most complete or high- can assure adequate nutntion (Lappe, 1971). Daily

est quality protein based on both amino acid com-

safe protein requirements are based on body

position and digestibility Thus. if protein intake _is“ weight and other factors (Table 10) : 7
L 4 ) . ]

TABLé/é PROm CONTENT AND UTILIZATION

. Percent \ Percent .
Food . Protein Content Net Protein Utilhization

Egg 137 94 )
Mulk : . : 4 : . 82 .
Frsh ) 18-25 . ‘., N 8 -
» *Cheese, . 22-36 . i) .
’ Meat and Poultry . ’ - 25 68 -
Gramn = ’ 8-14- . . 50-70,
Rice - 8 . . 0
Corn . 12 50, -
Legumes - . . ; 20-35 30-60 .
Sovbean . ) 35 68
kidney ¥€an : 25 . - 38
Nuts and Seeds . 20-30 - r 43-58
Vegetables | :. ’ 2-8 . . 3560
Source .-\ssg;nbl'ed from data :n Lappe 11971, . A 3 .
v~ - . . . L
. .
TABLE 10 SAFE LEVELS OF PROTEIN INTAKE .
" !
. t Adjusted Protein Level Based
’ Typical Safe Protein on Protein Quality with'Re-
Age . Body " Intake igrams spectto h.uman milk or eggs®
Group - . o, - Weight protesn per - =
fyears} S : ’ . ke person per. day; Score=80 . Score=60 :
Infants ' B 90 13 ©17 - 23
1-3 ] 134 16 20 . 27
+5 202 - 20 26 34 '
-9 28 1 23 > 31 . 41
Male 10-12 : 369 L300 e 37 b 30 «
Male 13-15 . 513 37 46 Tove 62 -
." Male"16-19 629 ‘ 38 47 63
+ Female 10-12 380 * . 29 36 . - 48 |7
Female 13-15 g 99 . 31 . 39 — 52
Pemale 16-19 . 54 4 30 . 37 50
Adult Male : 650 ) ’ 37, - 36 62
Adult Female ’ 550 29 ’ 36 . 48
Pregnant Woman ~ : . ) ‘
{last 4% months) . RS . ~9 . ~11 +15
Lactating woman . 6 .
{first 6 months) - ’ L ~17 ~21 . 28
-
» *Ratio of net utilizable protein to net utilizable protein in human milk or eggs (see Table 8) . '
' Source WHO (1973 74) - - .

.

'
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From the levels of energy needeescribed. M is
possible to caleulate national food requirements and
convert this to average daily values (WHO. 1973).

, These values have been calculated by the FAO, and

¢

avesage national food,supplies can be compared
with them.

National Diets. . '

+ Unfortunately, there are difficult problems in de-
termining national average diet. This is usually un-
dertaken by these calculations for a given year

~ Food production (1)
- Food ifiports (2)
~ Carry-over from ey
“ previous year (3} ~—y, ~
= Food Supply (1)~ (2)3)
- Food exports (4)
* - Food fed to animals (5}
-.Carry-over from
the current year (6}
= Disappearance {1)~(2) (31 ~(4) - (5}~ {6}

_Disappearance food values are corrected for assumed
processing losses. and are then converted to putri-
tional components expressed as daily per capita val-
ues. ‘These calculations are clearly inferiorto actual
dietary intake studies, which have been undertaken
among selected populations 1n some areas, but thev
musf{ suffice for a contemporary globa) assessment *

The FAO made an urusually comprehensive study
of annual food balances:for the late 1960's {(1971a) °
This informatief{ has been partially updated by more
recent population and food production data by the
FAO and OECD. From these statistics a number of
stugies can'be undertaken on diet composition and
adequacy. although analysis based on these data can
be amplified usefully by reference to studies of ac-
tual dietary intake.

Diet Composition

+ There is considérable"tegulgrity in diet composi-
tion as a function of economit development. at least

_on a national basis (Figure 2) People in poor, de- .

veloping areas have diets high in starchy staples and
low in other components, with regalar increases in
animal products, fats, and sugars asnational income
levels increase. In addition, proteinsupplies change
from dargely plant to animal sources. Obviously it 1s
not oftly the developing. largely tropical nations
whose diet is composed primarily of starchy staples.

* Among the more comprehensivacollections ‘of these stirveys
are the studies by | M May (sqe May. 1974] The USDA has also

. .undertaken distary studies sn the US with regional and income

level differentishon {USDA. 1956. 1969) ..
! Earliet food budget csiculstions were made by the USDA
(IN!. 1904)

*

. -
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Figure 2., Dietary Composition and National Income

1962 After.Pensse et al {1974}
.
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The Insh farmer at the time of the nineteenth-
century potato famine consumed 4.5 kilograms
(nearly ten pounds) per day; thus starchgs made up
82 percent of a typical 3850 daily calonc intake Pro-
tein came from potatdes {45 gm) and other sources
(19 gm) (Pimentel et al., 1975:756, Connell, 1950)
Similar high starch, low protein diets can be found
today among the urban American poor (U.S. Senate.
1974): .

A useful means for comparing national diet com-
position among countries ¥s a graph showing total
dietary composition diviled among three
components—starchy staples, animal-based foods
(milk, meat, eggs. animal fats), and other foods—
measuring each in calories. For the United States,
the average diet is comppsed of 1255 calories (38
percent) starches, 1326 cdlories (40 percent) animal
sources. and 738 calories {22 percent} from other
sources. You will notice that the triangular coordi-
nates add up to 106 percent. To check your under-
standing. examine the percentages for Tanzania: 68
percent starches, 12 percent livestock sources, and

22 /7
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20 percent other sources (Figure 3).* .
Percentage v3jues such as those cited are derived
from the food gbmposition tables prepared by 4he
FAQO and OECD. updated by population and food
production indices to derive valges applicable to-the

™ early 1970’s (FAO. 1975b). The triangular graphs il-
.~ lustrate the compositian of national diets among the

.

-

major world regions The triangle for Africa illus-
trates the highly starch-dominatgd diet of that re-
gion. Africa’y pattern overlaps that of Asie and Latin
America. The pattern of European. North American,
and Oceanic nations illustrates the importance of
2animal sources in the djets of the industrialized
populations. On each triangle. hollow symbols indi-
cate countries with inadequate diets (those With ess
than ninety percent of energy néeds provided); the
relationship of strongly starch-dominated diets 1w
the poorly fed areas 1s clear As we noted etlier, this
means not only energy deficiency. but probable
protein-supply problems as well. S
e world map of diet composition{Figure 4) is.
.1n many ways. a map of world’ wealth and poverty.
The map distinguishes four tategones of diet com-
position. from diets with a heavy animal-derived
component to those with #ver 75 percént of efiergy
intake from starchy staples ¥,

Diet Quantityy

Lack of uniform. reliable data on d ets. accomni-
~panied by short-term dietary imbalances’ makes any
" asséssment ‘of the status of world diets suSpect

Nevertheless. it 1s possible to sketch a broad pitture
of quantitative‘aspects of annual diets at a world
scale. so long as we remain aware of the degree 1o
whichk such an assessment hides variability in diets
within countries, ignores problems of diet changes
through the year (such as the hungry season’ in
West Africa). and relies on the disappearance
method of diet estimation

Basic caloric needs for each of the world’s nations,

expressed as daily average intake. have been calcu-
lated by vanous world organizations such as the
FAQO and WHO. using meth olagies described ear-
lier. Average diets have been calculated for the late
1960's (FAO.~1971a} and calonc intake for the early
1970's (FAO. 1974) on a worldwide.basis; these es-
timates can be compared with needed 'caloric
suppligs. These data may be updated by means of
populatjon and agricultural production indiges cal-
cul&tecft?the FAO and the Foreign Agriculu{re_Ser-

.
4

* This coordinate system ;5 most commonly used for soil texture
types based on sand silt and clay composition but can be used
with any classification schéme where three data values add up to
100 percent i

* The map demands some study before proceeding You might
answer these questions for yourself .

(a) What kinds of countries eat “high off the hog?”

(b} W‘ha‘bhnds of countnes have starch domunated diets?

{c} Are there poor countnes with sn animal-based calonc
supply? Why? )

% use

I 4
’

vice of the U S Department of Agriculture (FAO's
Production Yearbook. USDA’s Agricultural Situa-
tiofreports) The world map of dietary sufficiency in
the early 1970°s (Figure 5) was prepared from these
‘sources,in order to reflect. as accurately as possible,
.the curreht status of world food comsumption prr a
national, basis '° - _

To give some indication of the meaning of valaes
shown on the-map, several camparisons are useful
Tanzania’s infant mortality rate (deaths before age
one per.1000 live birthsf is. at 139, about ten times
that of thé _United States (Thomas. 1972). In some
areas of that country nearly one-quarter of babies
bofn never reach their first birthday The country ha¢

. been plagued by food shortages of numerous kinds

(Brooke, 1967; Mascarenhas.et al.. 1973}, many re-
" quiring international aid. A single half-liter battle of
beer eosts a typical Tanzanian a half-da)‘\wages. if

» he 1s employed An equivalent amount of bottled

beer in the United States costs about five-minutes of
a8 wage-earner's salary Each vear. Americans con-
sume an equivalent of 160 pergent of the annual
Tanzanian grain supply in varions alcoholic bever-
ages "' In 1975 we.fed five imes Tanzamia's total
prétein ne‘o cats and dogs** Amenca's dogs.
cats. and people are fat. with a price paid fot only in
excessive food expenditures. but also 1n ill health

Food Excess and Defzcth ' ¢

We have alluded to the mefficiency in the con-
sumption of calories and protein from animal rather
than plant sources This ObSWOn is based on the
dynamics of biological food chaihs, Think of the flux
- of foed energy as it moves through various species

ngar energy fixed as food by the.corn plant is

for the plant’s own metabolism‘\and foz its
growth The cow that eats the plant uses the major
food content for 1ts own metabolism. and a small °
percentage for its own production of meat -milk In
consuming the meat or milk. much of the fdod value
is again used for our own metabolism. with a.desirable
percemtage for growth 11n youth) or an unfortunate

The

’

"* Again. the map requires detailed study Questions |ike these -
may guide your analisis

fa) What countries have the highest caloric inmke valugs
compared with needs? * : .

{b} What countries have the lowest vajues? Middle values®

fc} Are there and modestly byt adequatelv. fed indus-
tnalized nations”’

* d] Are there agy sufficienths fed developing nations?

{e) What correlation is there if any between population num-
bers and density ip developing countries 1n companson
withgalont adequacy ?

'' Cakulated fmrs Brown {1974:39) who cites U' S consump-
1100 at 19 § pounds {16 kgj of grain per capita per ygar fot beer and
liquor With a base population of approximately 200 milhon at the
time of the {AO food balance data this represents 3 2 million
metnc tons per year For the equivalent base penod Tanzania
produced about two million metric tons of grain (FAO
1971a 317) . )

! Calculated from datg in Wittwer 1975 and Pimentel ot al
1975 .
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. percentage for growth (in adults), At each s

the food chain. food energy is dissipated by
metabolic’ processes, as are much of the pro
other qualitative food values Some plant
such as grasses. cannot be used efﬁciently»
mans directly as food. and we are forced to

normal

kind of matenal indirectly. through amimals Ih mar-
ginal, semi-arid areas this may be a ratio way
eventually to” harvest solar energy using rdinfail

levels too sparse for crops. and it may also be ra\ional
as of crop and fallow-pasture rotations in
humid areas However, when crops produce
livestock could be used for human food. there'is a
significant loss of total Tood supply. :
.This has. of course, been 1mplied 1n our eafier
discussions. but here we must make thfs ““grain or
fivestock™ question explicit Table 6 shows, for the
middle 1960's. the consumption gf grain 1p various
parts of the world. both as direct-to-human consump-
* iop and also as indirect consumption through ani-
mals (with the attendant losses up the food chain)
There 1s considerable controversy over this potential
waste of {6od. which we will take up 1n ofir discussion
of solutions toward the end of the paper In assessing
the present status of the world food supply. however.
we cannat 1gnore the question At least-one-third of
the world's grain production 1s fed to livestock
{Brown. 1974:44)
The same food balances used in the preceding
analyses have also been used to calculate the caldric
equivalent of food crops fed to livestock 1n each

“country This is a complex accounting task but 1t .

~works like this;

{1
(2)
»

- Calories consumed by people

~ Caloric value of food crops
fed to livestock

- Caloric value of that food that
1s passed up the food chain
and is already counAted_m (1)

(3

" = Caloric supply consumed di-
rectly and indirectly (1)-{2]-(3)
Here we are using the gpncept of indirect calories to
mean food energy content fed to amimals but lost in
the food chain conversion processes In the United
States. over three-quarters of the coarse grains pro-
duced {corn. oats. barleY) are fed to livestock. as well
as wheat. sovbeans. and other commodities that
could be used directly for human food {setting aside.
of course. questions of dietarv preference) \alues
thus calculated for.overall caloric consumption per
‘capita may be an understatement. since the human
food production potential of land presently produc.

ing forage crops.has not been 1ncluded.

The actual values for these calculations are de-
rived from a number of sources. including the food
balance sheets (FAO. 1971a). data ongcrop calonc
values (OECD. 1973:xviii-xx); and an Sssumed ten
percent value for conversion efficiency (calories
available from livestock per calories fed to livestock).

¢
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p along A For example. 1n the United States in 1970, we di-

rectly consumed 3319 calories per capita per day In
addition. 136.650.000 metric tans of grains and other
human foods were fed to ammals At an approximate
36 x 10° calories per metric tbn. this 1s 6685 ealores
per capita per day. Assuming ten percent conver-
sion. 669 calaries were already accounted for in food,
consumption.*so that the total daily figure1s 9335
calories. or about 354 percent of average daily, re-
quirements! You mdyv already have realized that the
approximately twenty percent of total consumed
calories (669 of 3319) does not agree with our earlier
figure of approximately forty percent,ammal caloric
sources for the American diet” However. half the
total feed units consumed by Amerjran Livestock are
from pasture and farage (grass. legume hays, silage)
Thus the calculation™s reasonably accurate '3
Furthermore. there is good reason not to calculate
the food crop production potential of present foragé
producing lands If it becomes important to de-
crease the direct {fuel) and indtrect (fertilizer) uses of
energy i1n industrialized farms. 1t may stilt be ecolog-
fcally.desirable to continue the rotation duction
of legume forage for animals ’

For each country we completed calculations sim-
lar to-that 1llustrated for the United States For many
poorer countnes, litt or«no food crops weze fed to
animals For others. actual crops fed vared. and
conversion factors for caloric values were altered ac-
cordingly Forexample. many European‘pations feed
high proportions of potatoes. and several Latin
‘American countries ‘feed cassava. plantains. and
sugar cane. all with different caloric values which
were apportioned with grain values ‘A world map of
(dietary balance (Figure 6} showsannuabcqloric ex-
cess or deficit.** Dire®t and mdirect caloric con-
sumption extremes include annual deficits of nearly
thirty percent and consurgption of nearly four-and-
one-half times annual calonc needs *

Because of space limitations. and lack ofsuitable
national standards, we have not undertaken similar
analyses for protein supply We suspect that a pro-

- .

~—

A simibar calculation for the LS was made b'?d.'e} and
Frink'(975; indicating an ovemil food nd feed cald¥®iC consump-
o of 17 117 calonies per day Thus figure differs from our owsn.
since Hexchel and Frink includéd the pasture and forage contribu-
tion to Inestock as well as meat importp and ulated back from’
hivestock-based caloric consumbtion 3 feed energy as if feed were
all from food crops However theur
1100 of the levelof potential bu food calones jost in producing
an Amernwcan diet should present pasture and forage land be used
to produce Chas with caloric yields comparable to forages

~ Cook 11976} completed a s#mular calculation His approacn
was s:milar (o that of Heichel and Fridk ‘see Faqtnote 13 mciud;
ing the total calonc value of Livestock conversion effiGencies
without attempting 10 remove nonhuman foods from the calcula-
tion Here we have assessed only human foods fed to }nes:ock. and
certainly underestimate the human food potentially jost by forage
production on arable land As w:th Heichel and Frnk Cook s
calculations may be a useful guide to the datter assuming that
forage production provides a utilizable fopd supply for animals
srmzlar to what could be produced on the same land for hutans

:gGre may be 3 useful mdica o

A
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_TABLE 11.

.

SDIE.'I'ARY COMP(?SH']O.\' AND BALANC%.

> % 3
(SN P ‘t y ™
: Dietary Composition . %
\_ ‘ » 4
A Y = T
- - ¢ ’( .
Y'nder 15% Under 15% 7 «
Dietarv Over Over N Animal, Animal.
Balance ' 30% 15% *% Under 75% Over 75% |
(percent) Ammal _ Animal - Starch Starch /
. T (1) (2} 3, . (4) [ ¢
N - b 3 M ]
150 to 430 ’
(1) . . L/ .
100 to 150
.£2) i
50 to 100 P " ~ '. .
{3) \ P
T~ LY "
0to 50 ’ ' ! .
(4) . _ / ,.)
100 '
{5) - )
(7 -
-30to 10 ( .
LR ,

* To be compiled !flhcmmﬁomﬁgmescmds

tein‘map ‘would exhibit similar extremes. with
marked deficiency in the poorer couptries (in con-
junction with the low caloric intakes) and compara-
ble excesses in the industrialized world, particularly
* if we were to incorporate the protein value of fish-
meal fed to.animals (and respective comversion loss-
. - €s). American farmers feed about one half of the an-
nual U. S. fish and -fishmeal supply to livestock
(Brown, 1974:148).
As a result of this and preceding analyses of the
world pattern of food consumption. we might expect

.

?

to find a significant relationship between dietary
composition and dietary balance. The relation¢hip
can be demonstrated (Table 11), a task we have left
for the reader to complete. For each country. enter
data corresponding to its speafic dietary composi-

, tion and caloric excess or deficit. For example. if a

country is in the second composition tategory and
second dietary balance category (such as Yugoslavia).
it is added to the appropriate section of the table.
Completed.-the table will allow you to come to some
conclusion about world patterns of food availability. -

L
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- II. FOOD SUPPLY SYSTEMS. - °

Agricultural economists and other agricultural

specialists . . have been probing the world of the .

developing countries 'over the past two ‘decades to i ¢
find the key to successful agricultural development. :,

They need not have traveled sofar; the secrets of ’

successful agricultural development are best found :

in the past history of the U"S.

: * H

In the Mbeya Region of southwestern Tanzania. a
farny family begins preparation for the coming crop
season. Although e land is now a parched brown.
arrival of the rains will retumn it to a lush green. From
the family’s ten hectares (35 acres), they must pre-
pare about three before the rains arrive: cut and burn
fallow bush; hoe or plow grassland: recultivate old
fields; prune the coffee and spray the plants with
pest-inhibiting chemicals. Coffee sales from the last
harvest have provided sufficient funds ($225) to pay
the children's schpol fees and to provide for farm
\and ‘family necessities—¢hemicals for the coffee.
cooking oil, cJothing, soap. salt, suggr. and perhays
this year the long-sought radio. The market price of
staple foods has nearly doubled since harvest, but
food must last until the next harvest so little will be

sold. It was once possible to increase productivity by-

pew land, but no new land remains.

As fallows have become shorter, there has been a
pefceptible decrease in yields, and the family must
now prepare larger fields to assure yields with a
comfortable in of safety against drought, .
or vermin. An ck-drawn plow extends the arex that
can be cultivatgd, and weeding food crops and car-
ing for coffee require longer work days than ever
be%m . The family now plants coffee trees on land
onice ‘available for food crops. but if yields from cof-
fee are sufficienit. and high prices bold. the farmer
may be able to afford fertilizer to use-on food crop
fields. However, the price of fertilizer has also in-
creased. Perhaps the area planted-to coffee should be
expanded. Traditional environmental and agricul-
tural knowledge and the remain the major-tools
by which the Tanzaniar family manipulates the
environment to produce its food. There is talk of new
crop varieties, but the seed must be pirchased and
the few who have tried them have not done well.
There is also talk of resettling people from farms into

~farm villages, as has taken place in other parts of
Tanzania No longer are people’s fates in their>own
hands and those of family snd neighbors. But life'is
good (Knight, 1974).

Sidamulyo is an incredibily densely populated vil-
lage in East Java (Prabowo and Sajogyo. 1975).

. There, a populstion of over 2000 people must sustain

-~

E O Heady (1976'107) - ‘
itself on 170 hectares of farmland. one-sixth of which
is rented to a logal sugar mill each year. The land-
scape is a finely grained mosaic of agricultural per-
fection, indicating the intensive labor required to
maintain the nearly weed-free fields of rice and other
crops. The typical Sidamulyo half-hectare {one-acre)
farm must feed a six-member family as well as pro-
vide income. Formerly growing traditional and im-
proved local rices, the family now cultivates moderfi
rice varieties (IR8. IR5) from the International Rice
Research Institute in Los Banos, Philippines, having
followed thte leadership of village officials who first

' planted IR8 in 1968. Since the introduction of mod-

‘ern rice varieties, fertilizer use fgr local and modern
varieties has doubled. The national extension and
credit organization known as Bimas has encouraged
use of insecticides and pesticides, credit for which is
provided as vouchers. n former Bimas loans are
still outstanding, the must turn to outside

" help, borrowing either in cash or kind at interest

rates of up to five percent per month. Because of the
higher cost of inputs to modern’ variety production,
more family laebor must be used.on the field. as less

. cash is available for hired labor to handle the 'in-

creased labor requirements of the modern varieties.
Backyard production of fruits, vegetables, and live-

stock provides dietary variety and, with off-farm

" -work. an additional source of income. For the typical
Sidamulyo farmer, the arrival of modern varieties ,

has brought marginally lower economic returns,
greater reliance on credit. and little change in the
occurrence of food shortages. The shorter maturity of
the improved rice varietigs aids in the intensive
double cropping cycle. If the amount of available
credip was not tied to use of modern varieties, would
they continue to be cultivated?

In rural Pennsylvania, a dairy farmer's major con-
cern is the cost-price squeeze of recent years. Al-
though he has improved crop and milking yields

" slightly, sharp increases in input costs combined

with only modest farm-level commodity price in-
creases memn that he be working for little returrd
on his own labor. when a nable rate of return is
assumed on his farm investment. As the Pennsyl-
vania Farmer's Association suggests, a successful

' /
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farm enterprise must pay-all cash expens‘es. pay in-
terest on equity. provide a return fdr labor, cover cost

of depreciation, compensate for management efforts.
and return a profit (PEMB, 1976). By viftually any -

perspective, the Pennsylvahia farm is a big business.
with $200.000 worth of land (300 acres dr 120 hec-

tares) and capital (buildings, machinery), a hired -

hand or two, ninety dairy cows, one million pounds
(455,000 kg) of annual milk praduction, an annual
cash flow of $100.000, and a net income of $20.000,
ineluding a $12,000 assumed retugn on investment (at
six percent interest) and $8,000 for family labor and
management. The economics of virtually any part of
field operations can be calculated down to the last
- penny, and agricultural extension personnel monitor.
farm productivity using computer analyses which
guide feed composition and volumeheifer, breeding.
herd culling. and field operations. Costs and returfis
can be calculated for any portion of the farm opera-
tion. Long, hard hours are a norm for the farmer, and
keeping up with latest advisory bulletins and other
literature is crucial. Farm radio networks carry daily
price developments, and interest is always spdrked by
latest decisions in Harrishurg and Washington about
milk prices and other farm policy. The future of the
family farm is a latent issue, with estate taxes. chil-
dren @ho prefer an urban life, and possibilities of
incorporatién for tax purposes as complicating fac-
tors. Nev

personal value in farming and in feeling & sense of
accomplishment in successfully managing so com-
_ plicated an erffErprize. . ’

- Fundamental Requisites ‘
" These introductory vignettes cover differerit cultural
and technological levels, suggesting a diversity of
food production systems. Are there any common fea-

~~ w-tures of food supply systems that span the potential

range of food supply configurations, frofn isolated
hunting’ and gathering societies to complex,
regionally-specialized industrial agribusiness? One
way to answer this question is to suggest a hst of
basic requirements that any human food supply sys-
tem must meet, a kind of universal map or chart for
structuring our discussion of food systems that are
apparently incomparable. Table 12 suggests such a
list of fundamental requisites for a food s ly sys-
tem, along with.some broadly defifted structural
elements by which agricultural-based food systems
et these requirements. Here we will distinguish
een food production requisites apd those re-

to making food #vailable to conswmers. Both
uction and provision of food have several re-
uirements, each of which can be described briefly
and later elaborated in the context of specific food
systems: - ' )
(1) Maintain continuity: a necessary element in
the human fdod supply system is the geneti-

cally- and culturally-encoded information

that guides the system: .

less, this farmer and his neighbors. for .
all their complaining, have a deeply rooted sense of )

(2) Provide space: solar energy is dispersed ovdr
space; thus food production, dependent)n
photosynthesis, also requires space;

(3) Manage water: production depends on green
plants, in turn dependent on water: control
of where and when production occurs is one
means of meeting this requisite, as is irriga-
tion;

(4) Provide nutrients: plant and animal growth

- depend on nutrient -supply provided by

land management or nutrient supplements:;

{5) Channel solar energy: both micro- and mac-
rospatial structure. as well as temporal
sequencing, guide food production to meet
this requirément; -

(6) Control succession: invasion and competi-
tion. normal ecological processes. must be
controlled to enhance yields from desirable
cultigens;

(7) Provide protection: plants and animals must
be protected agatnst predators. diseases. and
pests;

(8) Harvest production: spatially dispersed food
production 1s carried the first step toward
consumption. concentration of the usable
“portion of plant and animal growth or
metabolism; -

(9) Transportation: unless eaten in the field.
foods must be carried to the site of consump-
tion. often via many transportation links:*

(10} Storage: the temporally concentrated pro-
duction of food is made available to meet the
evenly distributed needs for food over time,

(11) Allocationr social and ' economic
mechanisms such as markets allocate food to
Consuming units and individuals:

(12} Conversion: food may be converted by ani-
mals, fermented, or otherwise altered into
more utilizable or desirable forms:-

(13) Preparation: food 15 processed into dishes or
beverages for consumptiop. usually near the
point of consumption in both time and
space;

{14) Ingestion. rules of proper food ingestion. or

“  etiquette, gontrol how and when food is con-
sumed. o

Food supply systems can be seen to consist of proc-
esses that gather solar energy and make it available
tg humans. Geographically. food production is dis-
persed in space (an area phenomenon). whereas food
consumption is clustered at points. In addition. sea-
sonality and variability mean that food production
may -be concentrated in fime. whereas food con-
sumption must be virtually continuous. Thus a f;

. supply system channels solar energy, linking f
production and food consumption across tifne and -

space.
Seasonality is a fundamental problem for all as-

pects of food supply since no world environment is

without seasonal aspects. Even in the most uniform

-
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TABLE 12 STRUCTURAL ELEMENTS OF A FOOD SUPPLY SYSTEM

Basic Ra*uisn&q 7 , Structur’al Elements ‘
in continyity Genetic and cultural information i 4. ¢
2. Provide space Spatial organization. land tenure system '
water Spatial and temporal stru : irrigation "°
nutrients Land management or nutriént supplements ' 2

7 Provide protection - Disease and pest control

Spatial and temporal structure
Abatement of invasion and competitiorf, :

Acquire and concentrate‘usablz productivity

Spatial linkages between production and consumption
Temporal linkages between production and consumption

Allocation intermediate institutions between production and ¢onsumptien; markets »
12. Conversion Procedures for making food into assimilable or desirable form -
13. Preparation Processing food into final consumption forms: dietary system
14. Ingestion Etiquette - *
/ R ~ .
"/
/
/

of environments there are distinct cycles of plant and
animal growth. in response to enviropmental sea-
sanality that may be undetectable to the naive ob-

server. Variability is similar in importance. Variabil- -

ity may -be likened to noise or uncertainty associated
with ed environmental and social processes.
Vulngrability is the degree to which the tequisites of
food production and food consumption are subject to
disruption beyond the ability of the food supply sys-
tem to cope with variability. . ~

In this section of our discussion. we have several
primary . The first is to suggest how seem-
ingly different food supply systems meet the re-
quirements we have described. The second purpose
is to compare (and. on several dimensions. to mee-
sure) the differences in how thesg requisites are met
in food supply systems characteristic, of- indus-
trialized. traditional. and developing. ‘‘green revolu-
tion” societies. Finally, we suggest saune of the mate-
tial, energetic. and informational linkages that con-
stitute a world food system.

The American Food Supply System

No food supply system exists in #Blation from a
larger social and physical environment, but its ties
may be strongest to one or another segment of the
larger* system. In industrialized agriculture, these
ties are strongest to the economy: indeed. farming
and food provision in the United States are best view-
ed as an industry, requiring discussion from both
an agricultural and an industrial viewpoint (Figure
7). In the lattecsense, the food industry (from farm to
consumer) reflects characteristics of the -larger
economy, with evolutionary structural changes that
reflect paralleled in other economic do-
mains. The key elen¥ent in the American ihdus-
trialized food system is power—power in the literal
sense of a reliance on fossil fuels, and powgf in the
figurative sense in the vertical and horizontal struc-
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turing of the food system and resultant g@gncentration
of ecofiomic power !

Food Praduction and Provision .

The American food gystem 1s built upon a complex
agricultural technology.'® Food production depends.
first, on a system of highly specialized institutions

_and roles which converge at the farm. including the
roles of government. universities. and lazge corpora-
tions. The farmer.relies upon a combination of
folklore. scientific knowledge, and contact with
other factors in the system in making decisions:
Among the “other factors’ are university extensibn
personnel, sales staff fsom seed and implement deal-
ers. and information on €rop price expectations and
the worldwide agricultural situation.’®* The farmer

" also depends on a network of private and public

bodies which maintain genetic stocks. These genetic
stocks are often proprietary. with intense competi-
tion among seed producers. Both technological and
genetic continuity are focused on institutions. which
also are foci for new information. New crop, varieties
may extend the areas suitable for cultivation by hav-
ihg greater toleranee of expected environmental var-
iability. Farmers, as well as consumers, are part of an
industrial structure closaly controlled by. govern-
ment action. A recent official review-of agricujtural
adjustment policies in the U. S. described the aims of

B

'+ For contrasting views of Amencan farm techknology. see -
USDA. 1958. USDA. 19753, Higbee. 1963, DeMarco and Sechlet,
1975; Hightow®, 1972, Heady. 1976,

1 The .S government. for example. wsues periodic bulletins
and reports on agncuitural commodity and price status. including
Foreign Agnculture Circulars on vanous commodities Examples
of the role of rapid commumication mclude daily crop livestock
price reportg, disseminated by radio networks. such as the
Pennsylvania Agri-Brosdcasting Network. and by university sg-
ricultural sxtengion offices , B
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Figure 7 The Structure of the U S Food System Sub-

stantially modified from “The Agriculture bf the U.S " by -
Eaft O. Heady -Copynight © 1976 by Scientific American, '

Inc All nghts reserved Used by permission of W H-
Freeman and Company for Sc:enTific American

For over 40 years. price support and adjustment
’\fograms have had an important impact upon the
farm and national economy Consumers have consis-
taptly had 4 reliable supply of farm products for a
smallerproportion of their income than aftywhere
else in the world. Farmers have been assured ofat
least specified minimasy prices for their products
‘The legislation and resulting prigrams have been
modified to meet varying onditions of depression.
‘ war. and prosperity, and have sought to give farmers,
- in general, the opportunity 10 attain economic equal-
- ity with other segments of the economy {Rasmussen
et al.. 1976:21)

Just as information is_highly institutionalized in
the industrialized food’supply system, so too is the

prevision of land for food production. Political allo- -

cation in the contrally planned economies and land
markets are- paralle] methanisms by which space is
allocated for production. In the Western world, fam-
ily farm ownership merges imperceptibly with cor-
porate ownership, since many familie incorporate
for tax purposes. Many large, vertically structured

., -
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" womst drought

- T,

corporations have substantial farm holdings. Farm
size has been an important element in the ability of
the farm unit to tolerate economit and environmen- -
tal variability. These units are made possible by use *
of energy-subsidized production systems, and big-

- Dess can mean sufficient income from good years to

provide for poorer years. The small size of farm units
during the settling of the Great Plains exacerbated
problems of drought (Webb, 1931; Borchert, 1971).
Suitcase farming is an adaptation to provision of

» land under seasonal-and variable conditions. This

refers to farm ownership in distant locations, with
the farm operator traveling among farm units to meet
seasonal work demands. This practice is well-known -
ir 'the Great Plains (Jenks and Kollmorgen, 1958).
Suitcase farming extends the land area mdnaged
through the year; may increase utjlization of expen-
sive machinery by moving it among farms; and pro-
vides a spatial solution to variability, since erfviron-
mental hazards do not occur unifermly, even in the
years of the Great Plains
(Thornthwaite, 1941). .

.For most industrialized farms, water is managed
largely ¥y land use practices to control rusnoff and
erosion, still depending on nature's delivery of pre-
cipitation. In marginal areas, supplemental or full
irrigation may be economically beneficial, and farm-
ers now. produce a substantial proportion of such
American crops as cotton and vegetables in irrigated
areas of the West, frequently with a government sub- -
sidy to provide inexpensive irrigation and an energy
subsidy for irrigation pumping ang spraying. Farm-
ers in subhumid areas practice dryland farming, in
which they leave fields in bare soil fallow
other year, in an attempt to store moisture ffom two
years for the benefit of each crop, a productive prac-
tice where irrigation is not available, but potentially
disastrous when continued drought creates. dust-
bowl] conditions from the bare, unprotected soil.

For the industrialized farmer, the soil may be
tieated largely as a rooting medium for the crop.
with the expected autrient withdrawals provided in
the form of chemical fertilizers. Until recent in-
creases in fertilizer prices, it was fypically more
economical to buy fertilizer than to spread manure.
but a combination of environmental regulations on
animal .wastes and higher fertilizer costs may in-
crease the importance (and benefits) of manure
spreading. Chemical fertilizers are another energy
subsidy of industrialized farming. It has been esti-
mated, for example, that in Califernia 22 percent af
the energy used in farming in 1972 was for fertitizer
and that for Canadian grain production, some 46 to
57 percent of the energy inputs are for fertilizer
(Chancelior and Goss, 1976). Heichel has estimated
that 23 percent of American agricultural use of
energy is for fertilizer, (Heichel, 1974a). Energy-to-
fertilizer conversion factors are avaiiable fof re-
searchers (Leach, 1975; Commoner et al., 1973;
- Pimentel et al., 1973), and the cost conscious farmer
can check tables of fertilizer costs and expected crop

»
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pricessto’'find optimum fertilizer investments (Som- )

mers, 1976:18).
The spatial and temporal structure of-the farm
must reflect availability of solar energy and channel-

- 1ing of that energy through desirable- plants. ‘Al-

FE

though some recent attention has been given to
midxed cropping (more than one crop interspersed in
a field at one time). industrialized agriculture is
largely monocultural, oftentimes not only in the
field but also for whole farms and farm regions. Re-
gional specialization and spatial interaction reflect
the interaction of crop yields. crop values. and his-
torical tradition (Spencer and Horvath. 1963;
Loomis. 1976). The larger spatial system of food pro-
duction and provision. which pervades many ele-
ments of industrialized food supply systems. is a
major mechanism for overcoming seasonality and

vanability problems of food supply. Regional

specialization. with transportation and other requis-
_ite food provision linkages. provides a supply of
penishable commodities over longer time periods.
lessening the effects of seasonality Spatial interac-
tion makes possible bringing fopd surpluses not only
to urban markets but also to areas with food deficits
as a result of entironmental variability.~

Control of succession and protection of crops or

livestock “in the industrialized system reguire ag-:

ricultural chemicals 1n addition to traditional prac-
tices such as plewing or cultivation. Farmers can use
chemicals as a variable input in the face of environ-
mental varfability. A 1971 sample estimated that
over fifty percent of American farms use pesticides.
covering eighty percent of corn acreage and 95 per-
cent of rice (Andri}enas. 1975). Machinery. is clearly
important in meeting the exigencies operas
tions because of seasonality (USDA. 1972a). Custom
farm services provide a means forminimizing finan-
cial risk because of variability. since each farm oper-
ation {planting. spraving. harvesting) is contfacted
only if the crop appears to be successful. Custom
services are also related to seasonality. since custom
machinery crews travel in south-to-north orbits “fol-
lowing the sun.” An inadvertent means of protecting
food supply against damage from hail is the disper-

sal of production. The farmer may havé dispersed

production ‘as a result of land bought here, rented
there, and sharecropped elsewhere. The food sys-
tem. wide in spatial extent. similarly spreads the
risks. . )

Harvesting and on-farm crop storage are
energy subsidized. jncluding field machinery and

natural or liquified/petroleum gas used-for drying -

5

grain. We ¢an look backward and forward from
the harvest. Backwitd. ‘the harvest is assured, in
aggregate. by a number of social subsidies that are an
implicit response to variability. These include such
direct and obvigus subsidies as crop insurance.
guaranteed prices. and commodity cOntidl programs
(Rasmussen. et al., 1976), all of which assure that thé
participating farmer will not lose his shirt if he ven-
tures to produce. Other subsidies include federally

AY

heavily

.

funded irrigation projects. flood control. tax exemp-

tions, assessment variations, land drainage. finan-
cial agsistance for preparing land for irrigation, the
agriculturat extension agent network. rural electrifi-
cation, state aid to schools, housing and welfare for
migrant laborers, and government imsurance of
banks and savings-and loan associatiqns.

Looking beyond the hacves. we can see a flow of
information constituting a signal from the foed pro-

- vision sy stem to the farmer That signal is manifest

.
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in productiop contracts. commodity futures markets,
and government price predictions. While grain deal-
ers, livestock feeders. milk supply cooperatives. and

speculators all encourage production by preharvest -

purchases These factors. all of which can be seen as
responses to the seasonality and variability impera-
tives. play an important role in equilibrating prices
between harvests and in maintaining, largely in in-
tedaction with government. stockpiles over multiple
year periods.- . )

The nature of farm inputs reflects recent develop-
ments in Amefican farming technology (Table 13).
Farm labor has been replaced by machinery. and ag-
ricultural chemicals are four times as important now
as they were in 1950. Between 1910 and 1970, farm,
population dropped from over 25 percent to less
than five percent: absolute farm production more
than doubled: and output per farm worker multi-
plied nearly eight times (Heady. 1976:110).-.

That each American farmer produces food for 2
others means a complex systerh of linkages between
the farm and the American dinner table: Food flows
over the same transportation networks used by other
commodifles. and is part of the same industrial and
economic system of suppliers. marketplace. and
consumers “thay characterizes the rest of our
economy Many€lements of spatial organization and

_ regional specialization characteristic of food produc-

tion spill over into fopd provision as solutions to
seasonality and -variability. In addition; there is op-
portunity for altering food processing and conver-
sion through livestock as a potential response to ex-
trem) disaster, as well as processing to make food
available across the seasons. Hoarding. migration.
and disaster relief are potential responses to variabil-
ity, along with the modest althbough important sea-
sondlity of diet to cope with the seasonality of food
supply. - - - -
Food alloégtion‘is largely a matter of market ,
mechanisms, strongly affected by government poli-
cy. by various food ‘programs for the poor. and by the
oligopolistic_structure of the food industry. particu-
larly as seen T the veRical structure made possible
by both technological interlinkages and transporta-
tign and ¢ommunication innovations. Given our
perspectivé on the food supply system as an indus- _
try, it wli\l be useful to examine one of its‘major
characteristics, that of concentratipn of ownership:
Although transfers of food are accomplished
through economic channels, the basic life support-*
ing role of the commodities involved make it impor-

-
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P _“TABLE 13. INDICES OF FARM INPETS, 1950-1978% . K |

- - T " Methanical : .ot
0 . : . Real ¢ Power and Agricultural
) " Year " Total ~ Labor _ Estate ‘Machinery Chemicals -
> 1950 . 102 - ra7 104 85 - - - -30
1955 103 - 185 103 - * - vs . 40,
1960 98 145 99 -98 50
- 1965 . 96 .- 109 . 99 ) g5 < 77
I . 1970 -, 101 - 90 98 | 100 110
1974 - 101 83 - 94 - ‘Y ‘105 . h 138
#1967 = 100 for each column; compire within columns only. o . .

Source: USDA (1975b). -

¢ "

’ determined by the mc;re, highly concentrated energy -
.. industry or, by the govermment. Large concentrations
" Yare generally associated with overcharging. For ]

. tant to view the food industry through a widerlens. -
+ Classical economic discussions are often based on
twe assumptions: a competitive industry strugture

within which a large number of similar firms balance
each other’s influence on preduction, and prices
controlled by consumer influencé. Any movement
.away from competitive structure leads to an erosion
-of this “consumer dem: ." The larger the devia-
tion, the more control from -areas external to’
the industry into the boardroom. For example, when
the industry in question’consists of a number of
smal and a few much larger firms (oligopolis-
tic , the latter groups are in’ a position. to
influence brices and also the modes of production
“tharacteristic of the industrial sector ir\question. in
" ways that are potentially more advantageous to their
own profits than to society as a whole:; . .,

Because there are few firms, the actions of one are -
noticed by the rest; each realizes that any move on its
part—a price increase for eximple—will genetate a
reaction by other firms. Since the best way to’
maximize profifs is to act as a monopolist would. the
oligopolistic firms begin to march te-the same carpo-
rate él:xmmer {Green et al.. 1972:7). ;'

. AN g |
"_ This “cbnscious parallelism” does not require any’

" forma] agreement such as a written contract. Rather,

the recognition of simijarity of interests in {ndustry -
~ results in & close

] natlon of busineds policy
through independent decisions. ' '«

- . One can examine concentration in.the inpuf and -

* processing sectors of the U.'S..food system by using
U. S. Bureau of the Census (1967)-statittics that show
the market shares accounted for by the four and eight

largest firms in each industrial category (Table 14).

Opinions differ as to the level at which concentra-
tion leads to price manipulatidn, with estimates

-ranging from forty to sixty percemt (U. S. Senate, .

1974; Green et ‘al,, 1972; URPE, 1973)., Figures deal-
ing with concentration in’ input industries may not.
always show a direct relationship with price, be-,
cause ap ‘input industry may not control a]l of its
own factors of production. Such is the case for the
fertilizer industry, which has an apparently low con-
cesntration ratio, but depends on supp es of raw

mmbI?uuMaly natural gas), whose prices are

2 ‘ . .
. ’ ¢ ~ i

. . g

25 39 ) ’ " - v, "

example, a study by the Federal Trade Commission.
reported that: - - R
' Uhiéﬂy concentrated industries were degentralized

to the poisit where the largest four firms cbntrol 40

percent or less of an industry’s sales, prices would 4
fall by 25 percent or more {Gresn et al .. 1972:14)

The role of input induitry concentration 45 of
primary importance to the farmer whereas the-struc-
ture of processing industries is of interest to the con-
sumer. Each consumer dollar spent omrfood benefits -
the farmer but the majorify goes to the processor.
Thus inflationary trends in food prices do nét follow
identical ttends in input industries. The situation'for
farmers may bé seen in the “cost-price squeeze” from,
1950 to the early 1970's. During that period, prices of ©
inputs as we]l as market prices of food increased
substantially, .whereas farm -prices for raw food
commedities fell. The cost of concentration’ in the
agribusiness sector-has been calculated by the Fed-
eral Trade Commission {Tablé 15). It 13 foad indus-

tries, these changes were estimated at over $2 billion .

in 1972. On the input side, overcharges in farm .
machinery have been estimated at an annual quarter

billion dollars {U.S. Senate, 1974).

- Food price increases are sometimes considered to

be of little importance because, it.is argued, on the

average Americans spend a much smaller proportion

of their income on food than do people of other na-

tions. For example, average figures show that

Americans spend only 15 percent of their incoms on

food, whereas English spend 27 percent. French 31 .

Jpercent, and Russians 53 percent (URPE. 1973). But

- average figures are nijsleading. Since the top five
percent of the U. S. population receivés twenty per- .

cent of all income. whereas the bottom eighty per-
cent receives 55 percent, in reality most families

must spend much more than 15 percent of their in- .

ceme on food {Table 16). .
Betweer- the large food provision'industries and
the consumer lies another group of economic instjtu-

-

oo
{

tions, food Tetailers. Nationally, the top four and top

eight firm concentrations_of retail grocers were 20.1

[
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TABLE 4. CONCENTRATION IN AGRICULTURAL INPUT ASD PROCESSN('(NDUSTRIES. 1967

Industrial . ¢
Code
{SIC)

" ™WSRuct Class

L3

Percent of Total Sales

Top Four firms Top Eight Firms

py

Poultry feed, including supplements
Livestock feed. including supplements
2871 Fertilizers )
28790
chemicals .
Farm machinery ¢+ _ <
. * Wheel trictors and attachments
_Harvesting mac inery )

3522
35221
35223

. Processing:

2011
20118
2015 .
20221

Meat packing plants

Canned meat (except pet fpod)
Ponltry dressing plants ™ -
Natural cheese -
Processed c

Condensed evaporated milk
Fldid milk and related products
Canned baby foods- - _ ¢
Canned fruits and vegetables
Whedt flour, except flour mixes
Cereal breakfast foods

Bread and bread type rolls
Refined cane sugar -
Refined beet sugar ]
Chocolate and cocoa products
Margarine

3
39
52

Agricultural pesticides and other agricultural

56
56
98
82

38
82
23
44
47
a7
29
98
35
53
94
Q 3
‘83
06
87
72

Source: U. S. Bureau of the Census (1967). . -y
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TABLE 15. MONOPOLY OVERCHARGES BN

Market Concentration
(¥966—Top Four Firms)

* Monppdly Overcharge
* $ Million (1972) ,*

e

- 40 - s 4839 |

60 . 256.7

90 ' : 247.8

65 Lo 198.0
50° . 191.9
40 R ,143.6
40-50 ) ‘94.4
45 ' 88.5
55 88.3.
40-50 -, 84.9
40 . 71.5

80 \ . 71.2
70 A 57.3:

- Fodersl Trads Commigsion data, quioted by Hightower (1975:64-85). Teken by permission from Eat Your Heart Out B Jim
Publishers. Inc.

.@lﬂ?ﬁbyﬂmli!ghlom. Und.byptrminionomewn

A

and 28.2 percent in 1970-USDA, 1972b:96). National
values again are misleeding, because concen-
trstion may be much greater. Typical values of met-
ropolitan ares dominance by the top four retailers
range frem 51 percent in Binghamton, New York to

88 percent in Little Rock, Arkansas -{Hightower,.

1975:21). Immebile, urban poor may be tied to fewes

- among them

alternativgs—more expensive smailer retailers
the affluent suburbanite. com-
pounding blem of.-low income and higher
proportion 8f income needed for adequate nutrition.
The inability of the American food suppjy-system
to assure adequate dietary quality for 13 million
Americans (U'S. Senate, 1973) reflects both
. %

the fail- °
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LE 16. AMERICAN EXPENDITURES AS A
CENTAGE OF SPENDABLE EARNINGS, 1973

—

- )

- to income; for the poor it fails miserably. The Senate
Select Committee on Nutrition and Human Needs

’

'ure of commodity food programs

¥ : - - fU.S. Senate, 1973) has suggested the distributibn of
: +LowCost.  Moderate Liberal hunger in America on-a county scale of resolution.
Annual Gross Plan Plan - Plan Gounties with one-quarter 6r more of the population
Income (percent)  (percent)  (percent) below poverty income levels and one-third or less of
3.328 62 79 _ ‘ W, . 97 the poor recelvmg food assistance were classed as
5.000- 42 54 Y “Hunger Counties, 1973.” Even counties falling out-
7,280 35 45 " 55 side these dual measures have 'sighificant numbers
10.000 26 o 4. f poor lacking food asstsfance (Figure 8)."” Only
15,000 18 28 half of America’s poor would appear to be fed

. 25,000 12 14 18 . adequately.

- Seurce: Christian Science Monitor. ‘quoted by Hightower
{1975:61) Taken by permission from Eat Your Heart Ofit by Jim
Hightower. © 1975 by Jim Hightower Used]
Crown Publs| Inc .

»
’

, food stam
‘other welfare programs, as well as the food
system itself. For the affluent, the food supply
terr provides commnodities virtually on demand,
with seasonality and variability reflected in minor
price fluctuations that are insignificant with respect

y

by permussion of ,

Having already criticized some aspects of the in-
dustrialized food system, it is appropriate to suggest
some measures by which its performance might be-
assessed, and by which other food supply systems
might be évaluated. The following yardsticks will be
useful for our discussion: land, labor, capital and
energy. ' )

-
-

** An earlier study. Hunger U S A | uses a simlar approath to
suggest patterns of hunger in 1968 (Citizen's Board of Inquiry 15ito
Hunger and kelnutrmbn. 1968} o ’
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Land : )

. Crop yields in the industrialized agricultural sys-
iem have benefited both from a highly developed

. technotogy and from an environment of compara-
tively hjgh productivity as seen from a world
“perspective. Althdugh the U. S. agricultural system

e appears to work miracles (Americarr yields are typf-
cally double world standards—Table 17), farmers
achieve these high vields by an extremely dispropor-

»

5

tionate use of agricultural inputs such as fertilizers
and farm machinery. Using one-fifth of the world’s
ammual fertilizer consumption and plowing its Helds
with over one-quarter of-the world’s tractors. it is
little wonder.that America's agricultural technology
has been sosuccessful in feeding a bit more than five
percent of the world’s population (Table 18).

The industrialized nations occupy some of the
world's most productive agricultural regions. par-

E

Aruitoxt provided by Eic:

RIC

\

: . TABLE 17 AVERAGE CROP YIELDS* FOR BASIC' STAPLE FOODS '
® Area Wheat Rice Maize [corn) - Roots & Tubers® Potatoes
1961-5 1974 1961-5 1974 1961-5 ~ 1974 1961-5 1974 1961-5 1974
Developed Market Economies 174 214 491 558 351 401 18 24 2227 18 37 2275
North Amenca 138 175 4.37 498 417 448 . 2043 2952 2159 26 56
/.u_wem Europe 217 337 503 553 249 418 18 00 2197 1801 2200
Oceania 125 129 617 610 21 358 1557 20 64 15 60 2076
Other 124 128 501 5 84 126 179 17 46 17 20 16 18 1977
Developing \Market Economies 097 117 163 187 114 128 . 790 69 747 885
- Afnca 070 073 128 131 093\ 11 596 517 515 612
Latin America 142 7 149 73 194 123 139 10 45 11 34 719 893
Near East 099 116 341 362 190 242 730 787 1071 1223
Far East 084 118 1 61 187 100 105 763 821 . 706 337
Other 167 083 182 196 T8 210 7 38 823 T 98. 816
Centrally Planned Economies 101 152 274 _¢319 227 2935 976 10 90 ;057 +204°
Asia 088 127 275 319 0 241 285 8 41 952 33 987
Eastern Europe and USSR 106 1 63 248 370 215 307 1113 1276 1113 1276
United States 170 184 437 498 . 417 448 20 95 26 47 2242 27 61
World 121 160 205 236 217 251 " 1008 990 ¢ 1193 1339
* Thousands of kghectare -
* Sweet potatoes ram Cassava taro starchf —oots and tubers other than potatoes v '
Source FAD Production Yecrbook 1974 (FAQ 19753; ’ .
1]
~ . P .
T TABLE 18 \WORLD CONSUMPTION OF AGR!CL’LTURAL\%'PLTS 1973 ,
- Fertilizers- )
L)
Nitrogen Phosphate« Potash . Trectors Population (1974}

. . Number Number - .
~ Area Amount” Percent Ambunt” Percent Amount® Percent fmilhon) Percent {milhon} Percent
Developed Market . . ‘ -,

Economies 17 82 461 1396 676 11 48 555 ° 1178 717 750 192

North America 877 227 508 . 209 4 82 233 199 4 235 60

Western Europe 775 200 612 252 5 56 269 588 358" 165 934

Oceama 021 03 162 67 0.28 14 ° 044 27 4 16" 04

. Other 108 28 113, 47 0 82 40 047 29 134 -34

Developing Myrket - ¢

Economies 785 182 345 142 190 92 140 85 1927 493

Alnca 043 11 031 . 13 019 09 015 09 304 78

- Latin Amenca 180 47 139 57 -0.90 44 072 44 317 81

. Near East 121 .31 054 22 004 e 02 025 15 193 . 49

Far East . 360 - 80 121 50 077 37" 0272 . 16 1109 284

— Other — — - - - — - - 5 01
Centrally Planned " .

y Econom 1379 357 6 85 282 732 354 325 {98 1228 314
Asia*- 407 105 156° 64 058 28 020 12 . 868 222
Eastern Europe s . .

and USSR 971 251 \5 29 218 6.74 326 305 186 360 92
United States 828 214 4.60 190 461 223 438 . 267 212 P 54
World 38 66 1090 24.25 100 0 20 70 1000 18 42 1000 3905 1000
* in anllion metrc tons - .
caiculated by the suthors totals may Dot agree with sums becsuse of rounding error <
Source: FAQ Production Yearbook 1974 FAO, 1975a) .
“ N .
\)‘ 7 28 N 42
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- ticularly with res%g to climatic tonditions. for
growing staple gtain crops. Compared with the

- humid tropi#s. middle latitude areas may have as
much,as thirty percent greater photosynthetic poten-
tial for the summer four-month growing season (Ta-
ble 19). This is because potential pholosynthesis is a

. function of the positive effects of day length and
solar light intensity (during which photosynthetic
produdts accumylate) and the negative effects of
temperature and night length (use of photosynthates
for respiration depends op temperature: long, warm
thesis). This reasoning. documen by Chang (1968;
1970), partially explains the much higher rice yields
in the'U. S. compared with tropical Asia. Only if two
or three crops can be grown per vear on a given land
area can tropical areas outproduce middle latitude
areas '* . )

If industrial technology permits-high vields from
land. ownership of land reso is an imporfant
element 1n understanding the structure of the
American food system® G#nership of land 1s an
economic and political 1ssue Industnalized farm
units.are becoming increasingly larger In 1880 the
average farm size was 134 acres In 1940 it was 135
acres Since then it has risen'8t a much faster rate. so
that in 1969 it was 389 acres In 1969 over 54 per-
cent of Amenica’s farm acreage was in farms of 1000
acres or more-(LUSDA. 1974b:23). Thas, the recent
increase has partly resufted from the émergence of a
numbeY of large units @lifornia is perhaps the most
extreme Case of concentration. partly asa result of its
history of large land wnjts dating back to the Spanrsh

.’nigh@ mean greater respiration {h no photosyn- "

colonial system, byt the phenomena is sufficiently .
widespread to causg concerh in other regions. In’

North Dakota. a 1932 law excluded large nonfarm
Corporatjon investment in basic agricultural produc-
tion..(éifomxa, quridaé and Texas are the major

* Potential ’o’sym}g;sxs for,vafdous time periods are com-

pered in Table- 19 16°the Mediterranean {winter rainfall} areas*

which have thegworld”s highest annual value Measurements are

based on a sta plant andycandB be compared dimectly to

specific crop vields Fer Other than relative terpretation of ch-
/ matic zones see Chang. 1970-

+
< L)
L 4

corporate farming states. with half of their 4800 cor- .

pbrate farms having annual
$100.000 (USDA. 1974b.26).
Concentratien of production in large units paral-
lels their develoggnent. Betweén 1964 and 1970.
farms with over $20,000 in sales increased in domi-
nance from 64 to’76 percent of farm sales, although
they numbered only 21.5 percent of all farms. Con;
centration is particularly notable in several farm
products. Hy the middle 1960's. over two-thirds of
America’s vegetable production was concentrated in
farms wath over $100.000 in sales. as was one-third
of U. S poultry production (USDA, 1974b-26). Even
with farm preducts where concentration is not as
great. such as cash grains. cencentration may appear
elsewhere along the food supply ‘linkage: six com-
panies control over ninety percent of the wholesale
grain market A 1967 study reported that full
economies of scale sn many types of Amencan farm-
ing could be achieved with farm units of modest size
operated by one or two people. with a high degree of
mechanization and with custom fagm services aiding
smaller farms to achieve similar economies JMad-
den. 1967) I¥*1969. farms with sales greater than

sales exceeding

"'$100.000—0 9 percent of all farms—ahsorbed 29

percent of all feed inputs. 11 percent of all fuel in-
puts. 39 percent of all ivestock and poultry bought
on the market. 24 percent of hired inery. 17
percent of all seed. 16 percent of all fertil\zer. and 41
percent of all hired labor (Hightower. 1973)

Labor - )

As technological inputs to farming have increased.
hyman labor has-drastically decieasgd (Table 13},
The modern industnial farmer in the United King-
dom produces from 125 to 800 times as many
calories as he eats b using mechanization and
energy subsidiés (Leac\"1975) So long as energy 1s
cheap, he can produce food ifiexpensively and still
earh a reasonable wage .

There 15 a large dispanty between farm and non- '.

farm incomes 1n.the Unitgd States ($6.400 versus
$9.600 average family incckme in 1969} These fig-

‘

T?AQLE,]Q POTENTIAL NET PHOTOSYNTHESIS OF \‘\'ORLD'(EUMATIC REGIONS

* Potential Photosymthes;d®

3

>

Region (Koppen

Annual
Amount

4 Month 8 Month

natic Notation) . Amount % Cs Amount % Cs % Cs

84 88 92
86 . 92 97
91 95

100 87 91
96 100

. 6.8 71

86 62 .65

Humitd tmp.acal areas (Af. Am]) 29,

Tropical sgvanna areas (Aw) ~ 32

Watrp, moist subtropics [Cfa. Cwa) v EX §

Humid. midlatitude west coasts (Cfb, Cwb) 40
Mediterranean climates (Cs} . 39

Cool cantinental climates {Dfa. Dwa) 38 99
Cold continental climates (Dfb. Dwbj .. 41 107

éh oo

NN N
e

[eABEeANRS BLY B,

o

* Kg m’ for stated period Values attributéd to all periods assumee adequate moisture availability ) -
Source Modified from Chang (197096} Used by permission of the Aanals of the Association of American Geographers
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ures are deceivillg because much of the dispanty
can be attributed to the very lew income levels-of
farm labor. Much of this labor is invisible to urban
Americans. since it is expended far away. on crops
seldom conjuring 1mages of American farming. Farm
laborers pick fruit. clean and bag vegetables in the

" field. spray pesticides. weed. and do other labor in-

tensive operations. By 1972. only 2.8 million work-
ers remained 1n the U S. food production system:
approximately twenty percent of these were black.
+ Puerto Rican. Mexican-American. or Mexican: Of
this numbes. the minority who work all year (131
percent) made an annual average of $3.170. whereas
the overall average wage was only $1.160 per an-
num Government policy aids this process of human
abuse by differentiating between the rights of ag-
ricultural and nonagricultural workers Large num-
bers of the former are excluded from many of the
benefits gf labor legislation Often. farm workers are
not unionized. and migrant workers are not allowed
to bargain collectively for tmproved benefits such as
*unemployment compensation In 1972, federal
minimum wage regulations covered only 535.000 of
these workers (URPE. 1973 70-71.98). Agncultural
workers receive low rates of injury compensatisn. and
in thirty states are granted none at all. even though
agnculture is the third most hazardous industry after
mining and construction. Moreover. they receive
less comprehensive social secunty coverage than
workers in other industrial sectors Also. weak child
labor laws allow about 800.000 children to work dur-

ing school hours (URPE. 1973:70-71) ’
A justification for this lack of power among work-

ers 1n the agneultural production sector advanced in '

"Congress 1s that °

farm commodity prices are detérmined on 3 dayg
to day basis in a highly competitive world market
and nigid bargaining legislation Tight weaken the
ability of U S agniculture to compete in world trade
{U S Senate. 1972 50j

Other factors reinforce thys mythology Fhe trend
with some crops towards “runaway fields” 1s one
. example. Tp avoid incregsed labor costs. corporate
farmers may move their fruit and vegetable produc-
tion to southeast Asia or Latin America (DeMarco
_and Sechler, 1975:80-82) ) -

Our image. then. of the highly productive Amen-
can farming system is tainted by recognition of the
poverty levels of farm laborers. U S. policy encour
ages further development of agricultural technolog$.
some intended further to replace the farm worker.
rather than to improve conditions for this group We
subsidize the exploitation of farm laberers by publi
provision of welfare. migrant hossing. and other
programs which make possible the continued pay-
ment of substandard wages.

Capital
The industrialized farm is a capital intensive en-

terprise. depending on long-term capital availability

30 44

. the farming system (land. labor. energy])

+ for land. buildings, 4nd machinery. and sgort term

capital for operatirig costs between harvesty (Evans
and, Simunek. 1976) Since virtually all ents of
ve mone-
tary value. detailed analyses of farm and crpp budgets
have been prepared to guide farmers in their deci-
sions '* Assuming that money could earn a return by
being invested in alternative endeavors (such as &
bank account. factory. poker game). any investment
n agriculture represents an jnvestment that must
vield a return at least as great as the opportunity cost
of the money. that is. what 1t would earn elsewhere.
This is why we separated the arnual income of the
Pennsylvania farmer cited earlier into rgturn on 1n-
vestment and -payment for labor and gement
When capital must come from private sources.
reasonable return is expected It 1s interesting to note
that 1n the early 1960’s. even assumini§a very modest
{4 1%) return on capital investment. many American
farmers were working for wages as low as 50¢ per
hour. and some. in areas of vaniable crop vields. were
actually losing as much as one dollar for every hour

‘worked (Higbee 1963 167-169)

Many industnalized farms belong to cooperative
orgamzations for supply of inputs or sale of produc-
tion. and others assure markets by contracting their
harvest before production Some data are ‘available
for an analysis of contract farmung. the system
whereby a corporation contracts for use of a farmer’s
land and production resources, gaining the cheap
labor advantages of family farming. without assum-
ing the risk of otvnership or capital investment. The
farmer sells his prodifce to the purchaser or proces-
sor at a price fixed in advance between the two par-
ties Contracts vary greatly in their details and
whether the farmer gains or loses as a result depends
on_ ehvironmental conditions during the harvest,
vear Some of the wayst examples of oppressive con-
tracts are found in the broiler poydtry industry

The grower’s contract is 50 unequal that he has been
compared to the sharecropper 1n both his status and
his poverty The difference in this vision of that in-
famous relationship is that the bossman 1s an absen.
tee landlord with a corporate not a personal iden-
tty whose * big house 15 11 a_panelled boardroom
in far away “inneapolisor New York. Otherwise the
analogy needs no explanation The ‘cropper " is vis-
ited by the ‘field man"~ who supplies lim with the
esgentials to make a crop {in this case baby chicks
feed and technical advicej. the field man collects the
harvest {8 week old chickens) measures the results
{he weighs the cluckens and sets the pncej and de-
cades what the croppers share ought to be The crop-
per may even be forced to buy his supphies (his
brgnler equipment) from the company store The cor-

*The most detailed of these budget calculations are in the Fum
hterprise Data System of the Economx Research Service of
USDA” They have a hugh degree of spatial resoiution and budget
detail. Whole farm budgets are algo prepared b the USDA as well
as by vanous farm organizations and agncultural extension ser-
vices (USDA. 1971 1976 Krenz et al 1976}

#
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porate landlord keeps all the records {US Sen-,
ate Subcommittee on Monopoly. 1972 3702)

Government estimates of the share of L S food pro-
duction produced under contracts irfdicate that for
some commodifies. such as milk and broilers. 95
percent of production is controlled by contracts,
with considerable variation in othes commodities
(U.S. Senate. 1972). Such contracts may exert a
stabilizing effect on food supplies. but they aiso
suggest a further dimension of concentration. con-
trol. and exploitation
The political importance of food forces the gov-
ernment to support agriculture by policy and by sub-
sidy programs. Schultze (1971) estimated that ag-
ricultural subsidiesCost the U S. taxpayer $9 to $10
billion annually Since the 1950°s there has been an
> overall increase in both the numbeg of subsidy pro-
grams and the level of direct payments under them;.
Direct payments included commodity c:ontml;i
grams. land retirement payments. and conservafion
and soil bank payments for land improvements In
. addition there are a number of other subsidies from
the government. including the Smith-Lever (1914)

* and Hatch (1887) Act grants to universities for ag-

ncultural research and extension: tax reductions for
research and development costs. subsidized irriga-
tion water supplies; and government research and
agncult extension roles Price supports and di-
rect payments have disproportionately benefited
large farms. An estimated 53 percent of price support
benefits were received by Class 1 farms 1n 1969, as
well as 29 percent of direct payments. although these
farms. with $40.000 or more 1n annual sales. consti-

= tute only five percent of all farms Benefits for these

large farms has been estimated at over fifty percent of
their total income. but less than one-third the income
of the farm group with lowest income can be attrib-
uted to subsidies (Schultze. 1971) The spatiai dis-
tribution of government agricultural benefits paral-
lels the distribution of farm size. with the modifica-
tion that crops which dominate some areas are not
subject to government support In 1970 the ten
-Targest single payments, totalling $18 3 million.
‘went:to California ($15 milion). Hawaii {$2 3 mil-

lion), and Florida ($1 mullion) {Ramparts, 1971) -

Thet distribution of subsidies may be compared
with government tax receipts ffom the agricultural
sector. Tax revenues obviously need not necessanly
remain intrasectorial in distribution. but the com-
parison is of interest because it reflects another way
in which the government has supported the trend
toward increasing farm size Small farms with low
levels of income generally have a lower percentage
of reported losses for tax purposes than farms with
high incomes. The extreme cases in 1965 were those
with incomes m the $15-20.000 range. of which 63 9
percent reported a profit and were taxed according-
ly. and the group of 766 farms with income greater
than $1.000.000 of which only 14 percent reported a
profit (U S Senate. 1968) Similar inequities in taxa-
tion can occur with property taxes based on assessed

-

values of farm land A 1975 study in Hlinois showed

& systematic bias in farmland assessment Owners of
farmland priced at $200 per acre paid taxes based on
assessments of 38 percent of sale price This tax rate
1s over three times that of farmland with a sale pricé
1n excess of $1.000 per acre The latter was assessed
at only 12 percent of sale price (Successful Farming.
1976)

Large farms also connote greater potential for en-
vironmental pollution. pastly because of cheaper ac-
cessibility tq operating capital and volume discounts
on input commodities Perelman and Shea (1972}
cited data showing lower interest rates on loans for
larger farms. and sizeable volume disceunts on fer-
tilizer (ten percent). insecticides (14 percent}. and
aenal crop dusting (25 percent) for farms of 3200
acres or more )

Energy

The fundamental task of any agricultural
system—to harness solar energy for food
production—is accomplished by using human. ani-
mal. and inanimate energy to channel the flux of
solar energy in desirable ways In chemistry a
catalyst 1s a chemical that facilitates a reaction
Human and other energy forms have asimlar catalyt-
1c role in agriculturg Because energy can be mea-
sured in universal units {calones. joules. BTU's. and
the like). 1t has.become fashionable to measure the
productivity of an agnicultural system in terms of
energy output {of food} compared to total energy in-
puts. an approach that is somewhat ghisleading
Calones of crude o1l energy are not calMes of food
energy. since the former have only a potential catalyt-
ic role. whereas the latter constitute énergy consum-
able by man Why. then. 1s energy analysis umpor-

Jant? ‘
First. energy 1s pervasive in the food supply sys-

- teth The system uses energy to run farm machinery.

to manufacture fertilizer. to ship both agricuitural
inputs and oiputs. to produce .agncultural chemi-
cals. to produce machinery and building
compangnts—the hList js endless. In the United
States. 1Z percent of our overall energy use 1s for
agnculture (Hirst. 1974) Here. then. the food prob-
lem overlaps the ““energy crisis.” and both commdd-
1ty and economic returns for energy inputs are of
Increasing importance In the industnalized nations.
marginal returns for increased investment in
energy-dependent inputs are assessed with increas-
ing care Developing areas. where unit increases in
energy-based inputs could have greater marginal re-
turns in terms of food supply,and human nutritson.
must compete with the developed world 1n the mar-
ketplace for energy inputs

A second factor 1s the interchangeability of land.
labor. capital. and energy. Production otherwise 1n-
creased by expanding land planted to crops may also
be achieved by adding more labor. capital {such as
ingation systems). or energy (particularly as fer-
tilizer) In the Um)ed States. capital and fossi! fwels

t
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replace human labor and land. allowing the Ameri-
can farmer to produce fifty times more maize than
would be possible by hand labor. investing only 22
man-hours per hectare of production compared. for
example. to 1144 man-hours in parts of Mexico
(Pimentel et al.. 1975:755). If energy inputs could be
used to provide dry-season irmigation and fertilizer to
produce an additional crop per year in rural Asia.
Chancellor and Goss (1976) suggest that input of
0.453 x 10% calories of energy could produce the
food needs of one person (0952 x 10* calories per
vear in Asia) without any expansion of land Thus.
approximately three people could be fed with the

. catalytic energy role of one barrel of crude o1l

A final factor is that fossil fuel energy. as a major
agricultural input. 1s a nonrenewable resource To
the extent that food production depends on energy
subsidy. its energy needs must compete in the
economic ‘marketplace with other energy demands.
and as part of the larger energy economy. 1t pAust
eventually face the -prospect of resource depletion
MWe must question the eventual fate of food supply
svstems based on a fossil fuel subsidy .

Estimates of the energv sutfidy to the indus-
trialrzed food system have been®¥8de based on food
production alone and on the whole food supply

svstem **-An example of the calculations possible for.

assessing the energy 1nput and return from agncul-

Uworks o Cervonea an

LY

ture are average values for corn (maize) production
in the United States (Table 20} Considerable techni-
cal detective work must be done to complete these
estimates. since values must be ascertained for the
-energy costs of manufacturing machinery..*produc-
ing pestigides. and running tractors. among others
The use of energy-in corn production is worth pursu-
ing because corn represents a middle level of pro-
duction 'intensity. intermediate. for exdmple. be-
tween vegetables and hay Since 1945 the amount of
energy contributed by labor has declined considera-
bly, reflecting decline in farm labor populations over
the same period. As the corn yield has increased over
the same period so has the demand for all other in-
puts which utilize energy Note the particularly large
increases of fertilizer This 1s to counteract the

monocultural system s negative effect on soil qual- -

ity

In 1939 com was grown in three year rotation cvcles

of corn-oats-Ciover in order 1o regenerate the soil No

fertiiizer was used and 10.000 comn seeds wmere

corn belt states

was 38 bushels per acre B3 1570 however rotation

nad peen lefl by the wais

farmer empicyed 130 (b 5f nitrogen fertilizer Over

25 000 seeds were piantes per acre and yieids wes
90-100 bushe.s per acre rerzu 19738

It 1s also apparent from the table that the energetic

" efficiency (the ratio befween the amount of energy

expended 1n production and the amount received

from the harvest) of corn production is very low and

iae Instead the averzge

u

% 5
Pimente, ¢t 3. (7973 19 Steimnar anT 3'einhar 137§ ‘ .
Hewxhe, 1973 16742 1374 ant SFEA 1975 afe wory purse has declined 1n the peniod considered Thus. 1t was
ing i this regars . . 3.70 1n 1945 and only 2.82 1n 1970
- / -
TASLE-20 ENERGY INPLTS PER ACRE OF CORN PRODUCTION 1945 and 3979
1945 1970
. Rauo
Energy Energy 1970
Equivalent ) Equivalent
Input Units Amount 10? calones: Amount 107 calories; 1945
Labor houts 23 125 9 29 ‘
Machinery Kcal ~» 10 H:) 1800 420 4200
Gasoline gallons 15 543 4 22 "9T 0
Nitrogen pounds 7 588 112 9408
Phosphorus - pounds 7 106 31, 71
Potassium pounds 5 52 &0 68 0 .
Seeds busheis s 017 340 033 63D 185
Imgation Kcal x 107 19 1980 # 350 . 179
Insecticides pounds ] » 0 1 110 x.
Herbicides pounds 0 0 1 110 ~ =
Drying ' Kcal » 10 10, 100 120 1209 12 00
Electncity Kcal » 1P 32 320 310 3100 969
Transportation Kcal » 10? 20 200 70 700 350
Total Input s . — 9255 - 2896 8 ~313
Com Yield bushels 34 3.427 2 81 81648 238
Outputinput ratio - o= 370 - 282 —

The Kcal (kilocalone) is the same as the food calone

Source Prmente et al (1973} 1n Science, Yol 182 November'Z 1973 pp 444-445 Copymght 1973 by the Amencan Association forYhe

Advancement of Science Reprinted by permission of Devid Pimentel and Science

' .
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The example of energy input to corn production is
paralleled by studies of other crops (T able-21) and by
the total energy input for food production in the 3
United States (Table 22). More elabogate machinery,
fertilizer, and direct energy use are important in
the growth of energy subsidy for food production 1n
the U.S. The food provision system. on the other
hand. has used several times more energy than food
production. For example, in 1940, over four times as
much energy was used in food provision as produc-
tion' falling to less than three times as much in 1950
and 1960. but nsing to over three times as much in
1970. The system beyond the farm uses far more
energy. and adds nothing to the amount of food that

-

TABLE 21 ENERGY BFFICIENCIES IN CALIFORNIA
- FOOD PRODUCTION® - :

. ) Energy Output
Energy Input Ratio
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Beans !fmze

. Cauliflower
Pears icanped;
Tomatoegdcanned; "
Broccols (ffozen,
Cauliflower {frozen:

* Farm production wthout processing except as spec;fied
Source Cerninkaet i 1974113}
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OUTPUT INDEX (1957 9= 100]

70
ENERGY 1MPUT (10" CAl—
Figure 3 Energy Inpuj and-Ferm-Outputin the U S Food
System After Steinhgrt and Steinhart {1974 310} Used by
permission of John S Steinhart

is available Overall energy input in relation to af-
ricultural productivity is illustrated in Figure 3.
showing an asymptotic pattern Note the incroas-
ingly marginal returns to increased energy inputs—
as energy ipputs are in there are no longer
correspondingly increases in food outputs. To
the extent that recent histomral trends reflect pro-
ductivity as a function of enetgy, small energy cut-
backs would have little effect on productivity, but
large cutbacks would apparently have a significant
negative effect. Hirst (1974:138) has calculated the
approximate energy use for food production among
food groups in the U.S.. suggesting that 43 percent of
the energy is used for livestock products, 13 percent
for directly consumed starchy staples, and 44 per-
cent for other foods (including ten percent for al-
coholic beverages) Reflecting on our earlier discus-
sion of dietary composition this point must be
underscored—we not only eat high off the hog. but
in doing so we apparently use a significant propor-
tion of our energy Subsidy for agriculture. Figure 10
summanzes the picture for the industrialized ag-
nculture of the-United States. show1ing the amount of
energy subsidy required to produce a unit of food
energy *! For each food calorie a two-calone energy
subsidy produced the food.i* and anbther s1x.or
seven brought the food from the farm to,us.

~

P Thisediscussion'for me 'S nas 350 been parajleled by
s*udies @the state jeve! and for other nations #gx example Cer-
vinka et 3i 11974 have cacuisted that fve percent of the Califor-
ma eneqgy supply s used for agnicultural production Leach

1975 36V amnbutes 46 percent of total Unitbd Kingdom energy
use 0 production and 35 7 percent of that nation s tota! energy
sudget 1o the 900 svstem Comparable figures for the L S are an
estiTated 12 percer: of energy for the food svstem ‘Hurst 1974,
and an implied four percent for food production alone using the
vanables :rr Table 22

¥ Hexchel and Friak "1975 cajculated an energy subsidy of
4944 calones per day o procuce a diet of 3391 calones a ratio of
3 5rather than the “wo . mpi.ed by the Steunhan and Steinhart data

1974 :

o
19

CALORIE INPUT PER FOOD
CALORIE QUTPYT

®

i

970

©

Figure 10 Energy Subsidy of American Agriculture
After Steinhart and Steinhart {11974 311} Used by permis-
sion of John S Steinhan i .
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TABLE 22. “ENERGY USE IN THE U.S. FOOD SYSTEM®

Component 1940 1950 1960 °* 1970
Production:
Fuel (direct use), 70.0 158.0 188.0 232.0
Electricity - 0.7 32.9 46.1 63.8
Fertilizer 124 24.0 41.0 94.0
Agricultural steel . 16 27 1.7 2.0
Farm machinery . 9.0 30.0 52.0 80.0
Tractors - 128 308 ., 11.8 19.3 )
Irrigation 18.0- 25.0 33.3 35.0
S 1245 303.4 373.9 . 526.1
Food processing industry 1470 192.0 224.0 308.0
Food processing machinery ‘ 07 5.0 ' 5.0 6.0
Paper i ’ L' 8.5 17.0 28.0 38.0
Glass containers. 14.0 26.0 31.0 47.0
cans and aluminum 38.0 62.0 86.0 122.0
Transpont {fuel) 496 1020 153.3 246.9
Trucks and trailers (manufacture) ° . 280 49.5° 44.2 74.0
Subtotal - 7 2858 4535 571.5 841.9
Preparation: .
<  Commercial refrigeration and cooking 1210 1500 186 2 263.0
Refrigeration machinery (bome and .
commercial) B 100 250 320 61.0
Home refrigeration and cooking 144.2 2022 276 6 480.0
Subtotal 275.2 377.3 494.8 804.0
Grand total 685.5 1134.2 1440 2 21720

Ovdmshownmlé"m

Source: Steinhart and Steinhart (1974.309) Usad by permiseon of john S. Sternhart
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' Traditional Food Supply Systems

We now have an image of the American food sys-
tem. productive and beneficent in some respects.
wasteful and gluttonous in others. Borrowing a very
effective technique used by Heilbroner (1963, let us
try to envisage the food system of a traditional soci-
ety on the fripges of development, in contrast with

itself, taking away 380 of the 390 acres, since 38
_ other families occupy that land. The buildings goas
well, the barn, the implement garages, the corn crib.
silos, the milk house, the tool shop. In their place
have the eaves of the house and "several mud-

grain stores, a small corral for the oxen. and a
h for the chickens. Most livestock are gone,

there is not sufficient room for them on ten
. Two oxen arid a few chickens remain.

Farm machinery? It too has vanished, replaced by
a small ox-drawn plow, a few odd knivgs, a machete.
mdaﬂnepahofhoes.onewithahand-forgedbl&de.
the other with a blade purchased in a country store.
Obviously the and oil tanks are gone, with
no machines to run. The file of old tax returns and

i

. $armn records is now a tattered notebook with several

important 'dates and tax receipts for a few years past.
The diploma on the wall is now a third grade sgjpol

.

certificate, and there are no files of old farm
magazines.

The farmhouse? Remove the electricity. plumbing,
floors. and all but two rooms. Replace two-by-fours
and brick with poles and mud, windows witg
wooden shutters, the range with a small

* stove. There are no cupboards to be bare, and closets

34

are pegs with & change of work clothes and one good
t for each family member. Hand woven bas-
ketsholdpmduoeintheraﬁatsofthehouse.and
clay pots. filled at the stream a’quarter-mile away,
hoid aday's drinking water supply. The water will be-
clear when the mud settles. Grass thatch or corru-
gated metal provides a roof. and during the rginy
season drinking water will be collected from it. .
You can-guess what has become of the power
mower. television, mixer, clothes washer, and other
“necessities”” of modern life. A battered bicycle. a
transistor radio—these are the real luxuries. No
driveways to shqvel in winter, no air conditioning to
break down in summer. But of course only a primary
school nearby. a dispensary five hiles away. a hospi-
tal 15 miles beyond, all over dirt roads without pub-
lic transport. No grocery stores, shopping centers, or .
food stamps. '
Modest production of cash crops means an annual
cash flow of one hundred dollars, in addition to the
cash value of the food crops (as if that is an adequate
measure of their value!). Of the;undred dollars: ten

-
-
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may go to school fees. ten to taxes. twenty to fer-
tilizer for the cash crop. twenty to laborers at critical
periods during the crop year. twenty to household
necessities like cooking oil, matches. needle and
_ thread. ten to clothing.
Perhaps we belabor the image? Nevertheless. we

must ask ourselves how a traditional system of ag- .

_ riculture functions, using the same frameworks we
discussed previously. By looking at some of the im-
acts of the first salients of “‘development.” we will
also understand the emficing character of a transi-
tional, 'green revolution™ farm. basic to understand-

"ing a third example of a food supply system which
will follow - o

.

F 4
Food Prod uctiqg,

Traditional or preindustnal food supply systems
may be defimed as systems which sproduce foad
without the benefit of fossil fuel subsidy (Duckham
and Masefield. 1970; Ruthenberg. 1971, Grigg.
1974). Our heuristic example is drawn from an area
most familiar to the authors—tropical Africa—but
this region differs substantially from Latin Amenica.
for example. in having fewer traditional cases of
landlord-tenant relations. and from Asia iz not hav-
ing had widespread irngation and its socio-political
concomitants Nevertheless. the conditions we de-
scribe are pan-tropical in distribution

Food production in the traditional systems 1s built
from a store of information—a genetic stock of crops
and livestock. and human information ghat may be
referred to as folk science or ethnoscience. Although
individual differences in ability to know and teach
about the environment occur in traditional society,
there is little specialization with regard td agncul-
tural knowledge. Virtually evervone has a detailed
and intimate familiarity with environment. of an ex-
ceptionally high degree of ecological rationality as
seen from our perspectiVe (Conklin. 1967. Morgan
and Moss. 1970: Knight.1974; Berlin et g} , 1974)
Space is allocated by traditional tenure systems.
many of which are characterized by rights of use
rathéPthan by true ownership. land 1s allocated by
the'community for use. and is redistnbuted by the
community as its membership changes Land and
Cfop rotation, burning. and. in some areas, recycling
of animal wastes provide nutrients In production
systems with land rotation. known as shifting culti-
vation. plantiag is followed by long. wild fallow be-
fore clearing. burning. and recultivation. Natural
ecological succession restores environmental pro-
ductivity. More imensive land use. dependent on
crop rotations and manuring. are characteristit of
areas with, higher densities of population {Boserup.
1965)

Solar energy in the traditional system is chan-
neled. as in the industrial. through crops. but here
the crops are often interplanted in the same field
. Interplanting minimizes weed infestation. pfovides
a less uniform environment for pests and dBeases.

35
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and makes greater use of solar energy and soil nu-
trients. In many tropical areas. the *‘field"" is a micro-
cosm very similar in ecological structure to natural -
biological communities Swccession is controlled by
the field preparation process (by machete and hoe.
perhaps by animal-drawn plow). by weeding and
cultivation as the crops mature. and by mixed crop-'
ping. Mixed crops, traps gnd snares for pnimal pests.
flooding. guarding. companion planting {plants
which resist pests are planted among the cro
are marigolds and onions in the U S.). and other
techaiques provide protection against pests and dis-
“eases. Hatvesting is by hand labor or animal-
powered machinery.

There are a number of spatial and temporal means
for coping with seasonality and variability in a tradi-
tional production system. For seasonality. there are
tradrtional calendars that control the scheduling of
activities The genetically-controlled phenblogy of
crops also helps to match food production to climat-
ic seasonality. Spatial dispersion of activities may
extend the seasonality of crop production by taking
advantage of different envirozments. If temperature
and rainfall patterns are favorable. multicropping (us-
ing the same field for several crops in succession)
provides a temporal sequence of food supply from
the same field: grazing livestock on uncultivable. or
fallow lapd also extends the period of food produc-
tion For pastoralists. seasonality may mean trans-
humance. seasonal migration of livestock that allows
harvesting of solar energy by grazing in a number of
places and environments .

The major response to variability 1n the traditional
system 15 use of what Allan {1965) has termed the
““normal surplus ~* Faced with environmental varia-
bility. traditional farmers in areas with adgquate
land resources typically cultivate more land dr herd
more livestock than would be required to produce
adequate food yields in an average year By cultivat-
ing more land—or cultivating land more intensively
than usually needed—the farmer assures that al-
though vields may be extremely low, enough food
will be harvested evep-i rest years to supply

- the family uritil th¢'next harvest Clearly. this does
not always work. for a new and unexp¥cted threat to
production might elude the normal surplus
mechanmism. For examplg, the normal surplus might
be adequate for occasional drought. but not ocist
invasion. The normal surplus strategy is so named
because during all buf®he poorest years the farm
family produces more food. often much more: than
can be consumed. During the best years. some food is
left to rot in the fields, feasting is common, and suit-

, able foodstuffs are converted to alcoholic beverages
View the latter two. if you like, as a positive reward
for the farmer working more than otherwise might
have been required Africa. the normal surplus
may have been thf fitst commitment to a cash
ecbnomy. since éxfess crops could be marketed once
the economic infrstructure appeared.

In addition to the normal surplus mechanism.

o
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farmers can also cope with variability by spatial dis-
persion of activities. including gcattered fields and
dispersed livestock. An example of the latter is the
tilia exchange of cattle among the Pakot of Kenya..in
which a person’s cattle are dispersed-among the
herds of friends ostensibly as a binding of ‘friend-
ship. but also as a means to prevent disease, drought,

. rustling, or‘other hazards from decimating one’s

herd (Porter. 1965). Several of the seasonality- and
variability-adaptive aspects of traditional food pro-
duction also carry over into food provision.

Food Provision .

Food provision in a traditional society is
simplified by the maintenance of simgular
production-consumption units. Each producing unit
(the family) lives on or near the farm. groducing
most of its own food needs and consuming much of
what it produces \What transportation is necessary is
provided by human porterage or animal energy
Traditiona] markets may™take some food out of the
local commumity or circulate food within it. but
many of the food transfers would be by barter (for
specialized sertices of a carver. physician. or di-
viner). reciprocity (sharing of labor. food. and other
commodities on a reciprocal gift-giving and help-
lending basis). and redistribution through tradi-
tional authorities (with taxation. personal wealth. or
common fields providing food to needy fagnilies. as
well as for common ceremonial occasions) (Polanyi.
1957) Food conversion is stmple. with small-

~amounts fed to hivestock. some food converted to al-
coholic beverages. and sonfe ving through the .

mechanisms described to other consyming units
Dietary custom and etiquette govern food prepara-
tion and ingestion. as in the industrialized world
Food prejadices are common here as well as among
ourselves. and some may have a rational basis (Si-
moons. 1967). For example. adult lactase deficiency
means many of the world's people cannot digest
milk (hence the intriguing title, “One Man’s Milk is
Another Man's Whitewash”—Harris. 1972).

In addition to the normal surplus. storage. migra-
tion., toleration of hungry seasons. redistribution.
and dietary change can all be seen to meet the im-
peratives of seasonality and variability. In the overall
food supply system. the traditional sociely’s
mechanisms for coping with the basic requisites -of
food production, seasonality. and variability are
sentially local in scale. Although the complex f€t-
work of flows and feedbacks that characterize the
industrialized. system are not present. traditional
mechanisms meet many of the fundamental needs
for food supply efficiently and resiliently

Assessment

The characteristics of traditional sygt‘ems include
varying intensities of land use. pafficularly as a func-
tion of population density. and returns to labor are
inversely propprtioﬁll to land-use intensity. Boserup -

%S() | . ’ : _ )

(1965) has suggested that at low populasion den-
sities. traditional agricultural systems can achiéve
high outputs in proportion to labor input by using
land rotation as a major s ural element. As popu-
lation increases:land mus sed more intensively,
and the required weeding and other labor to main-
tain productivity with increasingly shorter fallow
means decreased productivi labor, but increased .
.productivity to land. The ulgmse traditional end of
this evolution is the irrigated. wet rice cultivation in
southeast Asia. where marginal labor inputs may
“ produce just enough food-to sustain the laborer
(Geertz. 1963). As a result 'of this kind of difference
in land use and labor intensity, no single characteri- :
zation of returns to land and labor is- possible.
perhaps with the exception that labor will be
economized wherever possible—no one wants to
_work more or harder than necessary.

Traditional capital is obviously simpler than in-
dustrialized agriculture. often including hand-made
implements. Complex irngation systems are also
capital. as gre terraces and other land improvements:
However. the terms of reference we have used before
are useless in the traditional system. Capital invest-
ments must be efficient energetically. sirrce they rep-
resent human and animgl energy .investment that
must be produced by the sysigem. Energy then is a
relevant measure oL

Studies of traditional food supply systems have
been undertaken from an energetic viewpoint (Table
23) Values range from 5:1 (output: input) among
Ugandan pastoralists to 65:1 among shifting cul-
tivators in Africa. As would be expected. energy re-
turns to enetgy invested must be significantly great .
to maintain the human community. It1s equally im-

_ portant te recognize that these retarns are ac-
complished without fossil fuel subsidy (Rappaport.
1971). '
Technology is indigenous irr the traditional food
supply system. This need not mean that genetic and
- cubural information were developed independently
within the local society. but that whatever the origin
of these elements and whatever their fechnological
products. they have been tested against local social
and ecological environments. and modified and
adapted through time (Janzen. 1973} That the sys-
tem (and the 'society using it) persists is one indica-
tion of its success; anothes is our increasing appreci-
. ation of the complex cultural-ecological dynamics of
such systems. and their resiliency to environmental
stress. .
We wHo are accustomed to industrialized agricul-
ture often view traditional practices with wonder. if
not disdain. Particularly vexing is the apparent in-
ability of India to feed. itself. while its over 200 mil- _~
lion cattle are not cansumed by the Hindu popula-
tion. India’'s sacred cattle are an excellent topic io
help us spe unfamiliar practices in a more favorable
light. Harris 11966) provided considerable insight
into the taboo against beef corsumption when he
argued-that the sacred cattie could be understood as

.
3 g
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TABLE 23. ENERGETIC EFFICIENCY OF TRADITIONAL FOOD PRODUCTION

Energy Output/
s . Place * > Energy Input Ratio

Southern Africa ) ' 7.8
Uganda ’ 5.0
Congo Basin 85.0
-New Guinea 20.3

Society

Kalahari Bushmen’

Dodo Pastoralists

Shifting Cultivators _ .
Tsembaga (shifting cultivators)
India (fraditional)

Rica cultivators
Chinese pessants 1935-37
-Corn cultivation (hoe)
» Cors cultivation {(hoe)
Cassava cultivation (hoe)
Cassava cultivation (hoe)

South Adh . 14.8

14.2-16.5
411
30.6
136
26.9
37.5

Sources: Leach (1975); Pimentel et al (1974)

7 !

“-ecologically rational. He suBgested a symbiotic role
of cattle with man, in’which cattle provide milk,
traction, and dung, plus begf and hides for Hindu
untouchables, Moslems. and Christians. For Hindus,
cattle are critical for supplying labor at seasonal
bottlenecks in the staple grain economy. By ‘using
Crep wastes and uncultivated land, they do net com-
pete with man, and igdirectly provide solar energy

lfdung—two—thirdiofwhichisusedasthe
main of domestic fuel in India) and organic
fertilizer for fields. These observations do not prove
that cattle numbers and products could not be used

- more efficiently, but_they do suggest that behind
seetlningly irrational religious beliefs often lies an
ecological rationality. - \ )

Harris's argument has been developed further
from an energetic viswpoint by Leon (1975). In In-
dia, 29 percent of the ‘matter provided to cattle is
used, 22 percent of the energy, and three percent.of
the protein, in contrast to nipe, seven and five per-
cent in the United States, respectively (Table 24).
Although the small proportion of human food PEY-
vided to cattle in India could be directly consumed,
Indian cattle prow%nfood in excess of the edible
food consumed, in trast to the U.S. where six

" times as much edible food is fed to cattle as is ob-
tained from them. . .

Finally, the traditional system's ecological impact
evolutionary, rather than disruptive in na-

ture. The theory of biological evolution concerns
more than genetic material; it includes the evolution
of interactive systems of living matter and environ-
ment. Thus the functioning and persistence of tradi-
tional systems may be seen as an enduring evolution-
ary product of human activity and environmental
modification. We certainly cannot suggest that over
period, without the Industrial Revolution,
cvennonfouﬂﬁnel;ubsidizedagriculmremaynot

"have earned the accolade of “‘world food probiem.”
However, the industrial revolution, growth of

‘ , and, for present developing areas, the

«  colonial experience have brought a kind of “instant

SO~

stress” to human experience. From the perspective
of our-recent history, we may see the rationality gnd
ecological sensibility of traditional food supply sys-
tems. One of the dilemmas of development is the
maintenance of the *positive’” elements of tradition,
while bringing change elsewhere: a process of ‘‘crea-
tive destruction” (Malassis, 1976). Planners usually
neglect the former and the latter dominates. not ai-
ways creatively. . }

Although our description of tfaditional food sup-
ply systems has been both brief and oversimplified,
our intention was to invoke a feeling of appreciation
for the positive-aspects of these systems: &

- 80 called primitive societies developed
technologies. techniques. and a Store of practical
knowledge of a wide range Of sophistication. by
what must be admitted to be the sgientific method,
and neither their accomplishm#nts and skills nor
those of societies en voie de développement should
be ignored or discounted (Brown and Pariser,
1975:592-593)

When brought into contact with the industrialized

~ world, traditional systems enHure various kinds of

stress which should be mentioned {Szentes, 1971;
Porter and de Souza, 1974):- ‘

(1) Entry into the market economy, occasioned
by taxation, conscription of labor, or the lure
of commodities:

(2) Allocation of produttive resources to that

—-economy, threugh conquest by the colonial
powers and European settlement, or alloca-
tion of indigenous agricultural resources
(land and labor) tp cash crops; »

(3) Accelerated growth of population as a result
of diminished effectiveness of biological and
social controls, including declining rates of
infant mortality, changing incidence of dis-
ease, and decreasgd warfare and social un-
rest; .

(4) Imposition of various land management
practices under colonial control, including




- - TABLE 24. INPUTS-AND USEFUL OUTPUTS FROM U.S. CA'ITLE AND INDIAN CATTLE AND BUFFALO. 1;72

“Xtatter (10" kg)

Energy (10* calories) Protein (10° k§)

";friputs and
__ Outputs

us.

India

‘

Us. India Us. Indig’

Inputs
Edible by man
Inedible by man
Tetal
- Outputs
Work
Milk
» Meat
Manure
Total
Efficiency (%)

119
.22.2
o341

0.68
40.00:
40.68

132-.
. 9.90
0.11
0.87
3.00
9

, 051
0.50
0.07

- 10.81
11.89
29

.
v

e -

16.0 .
25.1°
41.1

38.8
88.0
126.8

1.7
120.5
T 12842

6.50
2.09
2.23

221
333
‘354

-_—

0.88 -
0.1

v 2.06
0.17

5.04
4.40

16.16
2698 _
22

0.99
3

2.23

[

E

[
9.44 '
7 -

Source: Reprinted from ~ Agriculture” A Sacred Cow.” by Bruce Leon. Environment, Vol. 17, No 9.p 38 Copyright © 1975. Scientists”

Institute for Public Information

cash croppilig, prohibitfons on traditio
practices believed to be wasteful (such as,

shifting cultivation), and establishment of

and reserves;
(5) Introduction of alien technology and ideas
with both practical implications (new ag-
ricultural implements) and social implica-

tions (rejection of traditional knowledge and .

culture); and )
(6) Decline of ecological conditions due to
" technological evolution insufficiently rapid
to meet ure o resources; to closing of
such traditional outlets-for man: land stress
as territorial expansion; and to “’careless
technology” which has ignored local en.
vironmental, milieus (Farvar and Milten,
1972). * -
of this wide range of

In spite assaults, many tradi-

>

&

nal  Government and Rockefeller Foqndation;-i'ﬁ 1943,

*and continuing today through an international net-
work of agricultural research centers (Table 25). By
the middle 1970’s, a substantial proportion of wheat
and rice production in developing areas was based
upon high yislding or modern varieties (MV) of
these crops ple, 1974, 1975; Atkinson and

* Kunkel, 1976). The MV's helped to overcome a

number of obstacles to improved crop yields, includ~»

- ing environmental, cultural, and dietary problems

with dissemination of crop varieties developed

" elsewhere; the limited response of traditional var-

" jeties to fertilization; the photoperiodic sensitivity, to.

tional aspects of food supply systems persist with-*

in the “developing” societies. Not only do’ these
ms continue to provide needed food sapplies,
but they have been able to withstand veneering by a
" developing cash economy. Indéed, some observers
feel that small-scal ditional farmers, responding
to opporiunities Miat are socially, economically, and-
ecologieally nal from their perspective, are &
positive element in rural development potentials in
the nonindustrigl world. Others would subscribe to
the view quoted at the beginning of this chapter.
Development—The Green

Revplution
The “green révolution” began in the indus-
trialized countries in the 1920°s and 1930°s with the
breeding of new, high productivity csop. varieties.
Knowledge gained in the middle latitude areas was
thp_h-hformhpmgnmsintmplmlams.be-
ginning with cooperativewesearch by the Mexican

»

day length and the long maturing time which hin-
dered multicropping; and potential lodging (flatten-
ring to the ground) of traditional tall varieties because
of increased head size when fertilized (Brown,
1974:133-134). In the period from 1950 to 1976, grain

“ yields of developing countries i almost
one-third (USDA, 1974a:65). By 1973, appreximately
forty million acres were planted to MY’s of wheat and
rice in these developing areas (Dalrymple, 1975:19).

Recently, the International Rice Research Institute '

, 1975) coordinated a study of 38 villages in rice

ing areas of Asié to examine the extent to which
modern Tice varieties had been agopted by farmers in
areas where inputs and. markets were redsoaably ac-
cessible, but where intensive campaigns to introduce
the medern vagieties had not ocgurred. Also
examined were ecopomic returns.tec farmers,

‘‘changes in income and expenditures, and use of

other items of the MV package—fertilizer, planting

. methods, and chemicals for pest and disgase control.

Although it is erroneous to generalize over a widely
dispersed sample of farm villages, it is useful tp list
some general observations frem this study:

(1) A majority of farmers had tried MV’s, and it
" {s reasonable to assume all farmérs are aware
of them; . . -
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TABLE 25. THE NETWORK OF INTERNATIONAL AGRICULTURAL RESEARCH

. . - - _ Research Interesfs and
) = Institution Location ’Founded Regiontal Coverage
- International Rice Research Institute Los Banos. 1959 Rice—worldwide with emphasis on
(IRRI) Philippines . Asia - o
International Ceater for the Improve- El Batan, 1984  Wheat. maize. barley, triticale— )
_ ment of Maize and Wheat (CIMMYT) - Mexico wofldwide .o . .
« International Center for Tropical Palmira, 1968 ° Beans. cassava, maize.vice, beef— . - s 4
Agriculture (CIAT) Colombija . worldwide for lowland trapics. with -
Latin Amerwq emphasis o
International Institute for Tropical Ibadan. 1969 Root and tuber crops. grain legumes, ° -
Agriculture (IITA) Nigeria : cereals—wonldwide for lowland tropics .
with African emphasis - .
West'Afriqa Rice Development Associ- ~ Monrovia; - » 1971 Rice—West Africa - . .
_ /¢ #tion (WARDA) o Liberia ; - e
* International Potato Center {CIP) Lima, Poru » 1972 Potatoes—wprldwide " . .
Interngtional Crops Research Institute Hyderabad. 71972 Sorghum. millet, legumes—worldwide.
" for the Semi-Arid Tropics (ICRISAT) India unirrigated semi-arid tropics .
International for Plant Genetic FAD..Rofs, 1973 Conservation of plant genetic material—
- Resources )s. - italy . . worldwide ' . -
Ifiternatiopdl- Laboratory for Research Nairobi. 1873 Livestock dissases—Afrita .,
on Diseases (ILRAD) , °  Kenyp, . . ’
International Livestock Certtre for - ©  Addis Ababa. 1974 Livestock production—Africa
. Afica{llCA} © Ethopia : . ) _
International Center for Agncultural Lebanon (planned)” Wheat. barley, legumes. oilseeds. cotton

Research in Dry Areas {ICARDA)

-

"*—worldwide with emphasis

on semi-arid
zones with winter rainfall .

Sources: Wade (1975.587); Jennings (1976 188)

. .

”

(2) The yée of fertilizers, insecticides, herbicides,
and, fractors preceded the introduction of
MVs™n many areas, snd fertilizer use, in

. pamti
farmers be

was practiced by a majority of
MYV technology. A Pakistani

_village is an-example (Figure 11);
(3) Asian rice farmers are not resistant to

change;

although adopters usually did better

than their neighbors even -when they grew

" local

(8)

.

standard of living as experienced by fasmers

who adopted MV's, althaugh only about B

two-thirds of MV farmers reported increased .
profits and one-third increased level of liv-
ing (Table 26); _ .t
Although increases in level of living and in

“ profits were . nat, confined to landowning

farmers with: large holdings, increases were
corcentrated among this group, who also

!
H

" bad more ready access to farm inputs and

varieties, suggesting that they were )
¢redit, and who had typically adopted MV's

“ better farm managers; _ -
" (4) In many cases the MV's did not provide great-
er yields than local varieties, but a shorter

earlier’

W (9) Typical kinds of expenditures by MV farmers

growing season and nonphotoperiodism

include food, clothing, education, housing;

wmeans two Crops per year are produced, with

medical care, bicycles, radios, other
sopne areas growingfive or six crops in two

appliances and agricultural investments
such as tractors dnd wells; T

Many constraintsto increased production of
MV's ‘are those s3soctatéd with . the
package—pest and disease problems; fer- -
tilizer availability: adequate irrigation and * '
drainage; availability of credit: availability of ¥
seed: o . . -
Local varieties are still important, both for
disease resistance and for local foodstuffs: *
MV’s are usually the marketed variety if both
are-grown. but, in at least one government,

- years; : ~ -
.(5) Where MV's made a second rice Crop possi-
) ble, it frequently displaced vegetable and
. - Pylse (legume) crops, with a potential for de-
: creasing the quality of family'diet, depend- .
ing of level of food expenditures: J -
(6) The MV's did not decrgase 1abor i put, "but
Increased labor requirements evef in areaz
.with tractors;. o .
(7) Nevertheless, ‘agricultural laborers seldom .
- experienced-the same chahge in economic

.

(10)

L,

(1)

w

‘"\{‘\ ./ X L 3?33 / - . _ .
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price support gf traditional export varieties

raeant lower accegiance. . ‘
This summary, as well as the detailed stud)y. suggests
very strongly an evolutionary rather than a rev-
olutionary change in association with modern va-
rieties. . R ~ ’

In Java, two villages studied showed a marked
contrast in acceptance of MV's of rice. In the East
Java village. MV acceptance was hjgh (99 percent).
as was population density-(2137 people in 453
. households om170 hectares of farmland). The West

Java village had ulation of 3322 people (958
hquseho‘lds) on% of farmland. but low

acceptance of M areas had access to im-

. proved local varieties before MV availability. MV's -

were  intfoduced to each village in 1968, and first
planting was undertaken by village leaders. In’East
‘Java. acceptance was fapid and ‘remains high.
whereas in West [aumgymtt mfestation.caused severe

fl warieties. In the latter
villaghr 3 varieties: outyielded MV's,
whereas in East Javathe MV had marginally higher
yields, in spite of a marked-increase in fertilizer. use.
Acceptance appe be more related to shorter
mapurity, critical in an area of intensive double
cropping. In East Java, MV's requifed more labor
than local varietieszrimarily as a result of weedling

seqffired by the high fertilizer inputs which encour-
age weed growth. In West Java, harvesting the MV's
took less time, because the sickle rather than the
hand knife was used. In both areas, the rice crop is
very labor intensive (147-276 man-daystha) with
double the labor input typical of Philippine farms
(70-130). for example. Both areas experience ann

rice shortages, and evidence suggests that even in

.
.

.

TABLE 26 INCREASES IN PROFITS AND

the MV-

MODERN [

RICE
'd
A nsecricioe s/ VARETRS

Cumulotive Adopters 4%}

1 1 L 'S

)
m\o:sl . 5 198 .
L. - .
Figur® 11. Adoptien of Improved Farming Practices in
Aroop. Pakistan After IMJ?S.ZM).

-

of East Java. farmers are no better off

. after having accepted MV's (Table 27). The study con-
cludes that, “there is ro sign yet of any ‘green rev-
olution’ in the sample areas” (IRRI. 1975:199: see
also Frapke. 1973).

Civen the present importance of the green revolu-
tion technoldgical package for increasing food
supplies, wef shall look at dimensions of this
technology from the ‘point of view of vulnerability.
“World food ity” commonly refers to problems
of greater concerkration of surplus food production
in limited areas the absence of a cushion of food

. stocks or larid resdfi®s to meet needs created by ex-
traordinary events JUSDA, 1974a:40-47)}. However.
the diffusion of technology from gn industrial base
poses problems that may be more localized—at the
scale of a nation, region. or even farm The concept

-

-

LEVEL ©F LIVING IN SELECTED AREAS WITH MODERN RICE
VARIETIES IN ASIA A .

-9 5
Percentage of Farmers Reporting
By Tenure

By Farm Size®

Growers of Owners

Tenants

4 ha
and
over

. Less -
than

A'll Farms 4 ha

Modern #acieties only
Some rn varieties .
eombined®

Locdl vari
_all farms
-~ Modern varieties only K
Some modetn varieties .
combined®,
Local varieties only -
all farms

59
82 33
73 3
20 1
44 10

33
only

27
<44
38
6
21

42

33

40

6 .
.14

Increase in Rice Profits

50
50
50 ’

50 _
78
85
12 6
32+ 26
Increase in Standard of Living
32 25
43 21
38 22

© 6 2
18 & 8

. 87
75
84 |
62
66

47
T 38
45
17
36

*

s Value for all farmers, who grew any modern vanejies
* Owners only
Source [RRI {1975 354)
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. TABLE 271LENGI7~I OF FAMILY FOOD SHORTAGES IN AN EAST JAVA VILLAGE

@

BEFORE AND AFTER

ACCEPTANCE OF MODERN RICE VARIETIES . | - .
-~ Duration of Food Shortage (months)
No. of Percent Use : (Percent of farmers reporting) '
Year . farmers of MV 0 1 2 3 4
" 19681969 70 a0 - 35 3 20 38 4
+1971/1972 ‘70 92/94 33 5 20 39 3.
. ¥Dry season/wet season. J ‘ - ‘ \
~Source: IRRI (1975:196) ‘. ya \
- 4 v - ‘ >
*r 1] 1 ’ J\_
\ ']

.of vulnerability was developed by Sproutsand Spml;t

(1974). Following their typology. food supply vul- -

nerability may arise from events in either the physical
or social environment, gmnerated by disruption
within the local al )
abroad. We will explore some aspects of new' vul-
nerabilities introduced by the green revolution in re-
ference fo some basic' requisites for a food supply
system. .. .

The use gt imported green revolution techniguies

creates radical changes in the distribotion of techni-
» cal genetic information. Technical informatien
is specialized kndwledge whose 3pplication allows

production procedures. Import-
involves far-redchingchanges in
istribution of knowledge and the process
i tion is disseminated throughout a
society. Such changes are impesed upon societies
with varied charactetistics. Some impacted areas, for
" example the original sites of commercial loita-
tion in MeXxico, remained traditional yntit their
take-over by the Mexican government (de Alcantara,
1973-74). Elsewhere. the study (1975) noted
* that prior to the green swyolhtion in Pakistan, im-
ported commercial infrastructure and many green
revolution innovations were already well-

use of sophistica

- established. Information flow can be seen in interna- °

tional scholarships, the focal role of the agricultural
research network, and training institutes by mul-
#tfoﬁal agribusiness corporations. ‘A spirit of
tism develops among the modern’agents of
change, with risk of losing traditinal knowledge.
Rao (1974) has noted that extension agents fail to
include input in information flow. se that ex-
tension one-way flow, emphasizing farmers who
are identifi:}ly progressive. In addition, other cbsts
are sustain
tion, including foreign exchange losses (patent and
licensing febs. payments for.éxpatriate expertige),
the brain drain to developeicouﬁes. d ffal
« dnapplicability of particular tec logiés for, recip-
ient environments. We judge the loss of local en-
» vironmental knowledge, as well as locgl genetic
material, a vul ilit¥. since these’sources of fu-
ture adaptations ma longer be available. , .
= . The seeds produced each year by food crops con-
tain genetic informatian. In traditional systems

[0 actions originating from -

in acquiring green revolution informa-

"either the individual farmer coldects and storesitlhis.
information or limited local trade occurs. This isys-
tem thus assures that seeds adapted to eachiag-
roecosystem will be available. When tmported seeds
are distributed. other varieties formerly used are #
jected in favor of the high yielding varieties. The,ldss
of genetic variability is felt by some ecologists to
incregse the vulnerability of ph#sical systems ( Jas
mann, 1973). Whether this is the case. such a change

. does alter accessibility to genetic information from q

‘'ubiquitous to a commercial system. ;

Counteracting the loss ofsgenetic information isi

&

—-

. the development of regional. national. and private’} .-

stores of germ plasm. However, such peaks in a na- !
tion’s information surface are very vulrierable to un-

» predictable events. such as environmental hazards,
and to social disruption, such as inadequate funding
or even sabotage. Genetic erosion has been charac.
teristic of Europe and North America for some time
(Miller, 1973; Harlan, 1975). The urgency of the
green revolutiofi problem is that the new varieties
are increasingly being exported to areas which were
the original genetic sites for the major world food
crops. and from which loss«of genetic information
would be particularly unfortunate (Frankel, 1973
Oldfield. 1976). . »

The’ introduction of high response varieties of
seeds has an impact on the provision of land with
several different implications for food system vul-
nerability. The -.importance of . access to
commercially-sold inputs for MV success gives es-
tablished landowners with surplus income an ad-
vantage over smaller farmers, This initial advantage.
is translated partially into new lanti purchases and
increased concentration of land ownership. Since
ownership is already highly concentrated (Griffin,
1972; Rao. 1974), this increased social inequality can
only increase the poten%‘al for vulnetability to social
disruption. In addition, like large farms in the U.S.,
large farms in developing countries have financial
incentives to use potentially hammful levels of ag- .
riculturé] chemi‘ﬂf_&ﬁwe‘r, 1972).

Water is a crifical element for success'of MV's. The
FAO pfbjects\hiat by the year 2000 controlled water
use will increase by 240 percent in the agricultural

Town, 1974401). Institutional problems of °
I gemen}.;:ec.lining ground wrater tables; °
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. silting of reseryoirs and canals. and energy demands
Sor ierigation are all sources of food system vulnera-

bl[l@ ' » .
The revolution brings an.important change
in the patt8n of nutrient control used for agricul-

ture. Manufactured sources are supplying increasing -

shares of nutrient supplements, a transition encour-
agedbytheuseofMVseeds.ThenewseedsFequim
assured ‘quantities .of nutrients in concentrated
amounts and this means use of commercial fertiliz-
ets which until recently were cheap. Such a change
has several implications forfood system<ulnerabil-
ity. First. vulnerability may occur because of price or
supp nges for fertilizer. Yield potentials of
MV’s, y dependent on fertilizer i§pugs. may be
threatened. Secm}gi inequiities in ferti
tion at an intra<#s well as international scale mean
that fertilizérs are not allocated where marginal pro-
ductivity is greatest. The opposite appears true—
the wealthy have access to fertdizers at levels giving
little margipal returns. Third. fertilizer production is
often locatéd outside national boundaries. with re-
sultant vulnerability to political or economic disrup-
tion.

The green revolution technology teplaces tradi
tional methods of weed. pest. and disease control.
" For example, in some rice producing areas. a combi-

’ryion of deep flooding-and fish introductign were
Used as insect cantrols. MV plants are us : short-
stemmed to prevent lodging. thus precluding deep

floodirlg; persistgnt insecticides H;?:ﬁsh‘and di-

minish the avﬁlability of this protein sousce

(Palmer. 1972). Monocultural practices. particularly

region-wide planting of identical crop varieties. imr

pose the th{eat of epidemic-diseases. and the
emergence of Msecticide-tolezant pest, species.

. Agrichemical, residues in the diet also affect the

health of the pdpulation. especially that of agricul-
~ turel workers. Lakshminarayana and Menon {1972)

‘noted that in India the highest agrichemical concen-
trations are in starchy vegetables and cereals, thus
having a greater impact on the poor who consume
. more of these foods.Rao (1974) noted the increased
dangers of pesticides for users with low skill‘levels,
such as those in developing areas. The danger of
exposure to toxic chemicals is greatly affected by the
accuracy with which instructions are followed. pro-
vided ope can read. _—
Returning to the Sprouts’ typology. we can see that
the green revolution brings with its benefits a variety

] &vulnerabilities. Among physical vulnerabilities

those associated with lacal environmental dis-
ruptions of supply linkages for needed inputf and
increasing international dependence on fossfi fuel

_ subsidies in the face of depletion of this resource. In
addition to international social disruption affecting

. - input supply lines, internally the green revolution

_ may exacerbate status distinciions based on educa-
-tion and wealth, with the concomitant risk of in-

creasing internal unrest. :
_Perhaps the most imp(’am aspect of the

er distribu- .

revolution approach is the removal of the multiplic-
ity of traditional means for coping with variability.
*-without gdining the institutional, technological. and
spatial processes that buffer the industrialized ag-
ricultural system against variability. A new set of
dependencies is created for the farmer and consumer
and should those dependencies fail. traditional
smeans may no longer be able to operate. _

The gains of the green revolution are nevertheless
important. First. it has contributed at least to main-
taining food supplies for growing-populations in de-
‘veloping areas. Second. it has demonstrated the re-

ceptivity of traditional farmers to innovation, pro--

vided the necessary institutional elemeqts are pres-

! ent (Crosson. 1975). Third..il has given developing

countries a greater period in which to address popu-
lation problems (Brown. 1974:145). However,
the model of industrialized agriculture implicit in
the green revolution is certainly a questionable splu-
tion to the world food problem
Commvon and Contrasting Elements- .
All food supply systems must overcome spatial
.and temporal tensions between the photos¢nthetic
process. harvest. and consumption. In doing so. all
follow a basic set of requisites. some addressed sim-
ply and others dealt with in a high degree of com-
plex elaboration. Both traditional and industrialized
food supply systems are the result of evolutionary

. Processes, and ipcorporate a vanety of mechanisms

for coping with seasonality and variability to assure
food availability Although the green revolution
farm can be seen as evolutionary in the centext of a
longer perfod of intrusion of industrialized agricul-
tural practices into nonindustrial Areas. all these
practices ar¢ alien in the context of developing
world societies. Producing more food from the farm

does not solve the plethora of other problems of -

development—including distribution of food equi-
tably according to needs. The commutment to inci-
pient industrialized agriculture imposes vulnerabil-
ity to events beyond the control of the developing

nation. ) .

* The green revolution can b seen primarily as an
effort to bring the genetic and fossil fuel subsidized
technolog¥ of the industrial world to develdping

_areas in the hope® of substantially increasing agricul-
turaj6utput per unit ofdand. Although it is desirable
the yield gap between the developed and de-
veloping areas be narrowed to bring féod mere
equitably to the-world’s people (Table 17). it is un-
certain whether the financial resources will be avail-
able. and whether earth resources wfll permit the
developing areas to “‘catch up.” In our view. narrow-
ing the yield gap may require the willingness of in-
dustrial areas to tolerate declining yields.
The green revolution does not appear to have-gea-

erated the numbers of displaced. landless people .

once expected. but. in spite of-a continuedhigh labor
requirement. similar to if not greater than that of
traditional agticulture. 1t has geferated labor prob-

- ’
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N léms. One of these is seasonality of labor.demand

and 8 consequential lack of steady. reliable employ-
ment (Feder. 1973-74) Potential labor exploitation

may result. as well as an impetus toward mecHKaniza- . _

tion of labor bottlenecks. This then leads to the ques-
tion of technologies appropriate in design and scale
to developing areas. and thus to the role of agnbusi-
ness in development. A multinational corporation’s
primary concern is profit (Barnet and Muller. 1975).
and profit wjll be maximized by sale of existing
technologies whose research and development costs
have already been recovered in home markets. Offi-
cials of developing nations. trained as industrialized.
agriculturalists. understandably follow FAO leader-

ship4n' viewing mechanization and use of chemicals,

as indispensable for agricultural development. The
FAO. in turn. draws upon its Indystry Cooperative
Program for advice. The ICP has 100 multinational
agribusiness firms who have joined with FAO to ac-
celerate development cooperatively (DeMarco-and

Sechler. 1975:75-77) The pressures toward an in-.

dustrialized prototype for agricultural development
are obvious. .

For all food supply systems. spatial organization is
a fundamental approach toward meeting tHe various
requisites we have listed. Indeed. 1t is spatial organi-
zation that creates the fact of a world food system.
and therefore a world food problem” Let us begm at
- on& end of the scale. For the individual farin. mi-
<»Crospatial organization ofghe field is an important
element 1n harvesting solar energy resources. and in

traditional agriculture it has been a major element 1n -

meeting succession and protection imperatives
Also. the organization of the farming unmit affects its

. productivity. Traditional farmers ‘manage their eas- -

ily accessible dooryard gardens ‘more intensively
than distant fieldsCFor industrialized farms. effi-
ciency of operations and equipment performance is
affected by farm layout: as in tradutional agriculture.
spatial dispersion of activitie€ may function as a de-
vice for buffering the system against variability
When we move up the scale from the farm. we
leave many traditional systems behind. although
some. like Asian paddy cultivation. depended upon
elaborate 'social. political. and resource manage-
ment. It igin the industrialized 4nd green revolution
food systems. however. where spatial organization is
indispehsable- at regional. national, and interna-
tionalgiéales. Flows of agricultural inputs to the
farm. And flows of commodities from the farm and
eventually to the consumer constitute a mafbr ele-
ment in a society’s basal metabolism. A multiplicity
of linkages for any one kind of flow. and the capabii-
ity of tapping a wide ggatial network of rescurces,
give industrialized agritulture protection_against

variability that is absent from green revolution situa- -

tions. We shguld not be deceived by thestability that
comes from this spatial redundancysih industrial

agriCulture—ultimately we degend upon fossil fuel
" subsidies. and when the well runs df¥. the system
will no longer be energized .

+ B
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What is the world food system? It is the combina-
tion of material. erergy. an®’information flows that
dissemipate the impacts of actions that occur in parts
of the foodsupply systems we have discussed Prices

are perhaps a most obvious example. food prices in

developing countries are linked to world energy. fer-
tilizer. and fogd prices without regard to the produc-
tive capacity of the country itself (Chancellor and
Goss. 1976:215). Suppose a @Buntry imports half it§
fertitizer supply. farmers provide twenfy percent of
food needs by growing green revolution cropé. and
half the nation’s families live on farms. Consider a
doubling of imported fertilizer prices. Limited
foreign exchange means fertilizer imports must be
halved and green revolution farmers bid up the
price ofJocal fertilizer. imiting its availability to
others. Marketable crop surpluses drop. particularly
if farm families consume ‘their normal needs and
market only what is excess Market shortages induce
buying of food supplies in anticipation of price in-
creases (hoarding). which further imits supplies and
drives prices upward ?* People with low income are
forced to starvation level diets. requiring the govern-
ment to import and sell food at artificially low inter-
nal prices. These purchases Limit new energy re.
source and fertilizer plant developmeny. because
they exhaust foreign exchange reserves. Thu® the
opportunity to equilibrate the original pnce pertur-
bation internally 1s prohibited Such an example
demonstrates that with agricultural. development
based on foreign technology. energy, and material
inputs. world markets and prices effectively pene-
trate a country, an obvious vulnerability.

Since the industnalized nations effectively tap
most of the world's natural resource markets and
conftol the provision of industrialized agncultural
inputs. the world food system is 1n fact created by
that group of nations. Not only are the major
surpluses of agricultural commodities controlled by
developed nations. but so too is the food production
capacity of developing nations. The latter must shop

" n industnal marketplaces for agricultural inﬁg\
ner

and competé with the developed nations for e
resources The substance of the world food system.
like the industrialized food supply system. 1s becom-
ing increasingly concentrated. both politically and
in the emerging role of multinational corporations
operating 1n developing areas- R

The role of the multinational corporation as world
distribu®®r 1s most dramatic in the area of food Ag-
nbusiness 1s now buying or renting more and more
arable land Decisions on what to plapt and where to
distribute the harvest are made with the balance
sheet in mind Thus #t1s profitable in poor countries

' This- 18 a good example of a self-fulfilling prophecs Pesple

expect food price increases some buy large’quantities based on

that assumption further shortages occur driving prices upward
thus the assumption of price incTeases s proved troe, when such
increases may have been created for accelerated) by early puving
and hoarding




to use land for exp;)rtable luxuries even'whule'the
people are suffering severe malnutrition because 1t
does not grow enough grain {Barnet. 19756}

The developed nations have assumed 'some
humanistic responsibility for addressing the world
£Pod problem:,

.. we . proclaim a bold objective—that within a
decade no child will go to bed hungrwthat no family

‘will fear for its next day's bread, and that no human

being's future and capacities will be stunted by mal-

nutrition (Secretary of State Henry Kissinger o the
, World Food Conference. 1974) - ,

Such a commitment must be more than rhetoric A
pledge toward solutiorr of the world food problem by
the industrial nations is proper and correct: increas*
ingly we are the world food problem.

P
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M1 SOLUTIONS '

" Perhaps it wotSadetter to

ize and acknow]-

cecognize
edgfouhﬁg!u}yﬂwﬂ\eradofmnkindmﬂpmb- . -
~ably never consume as mueh food as the average ' "

American.

What are the altematives for solving the world

foed problem? For the optimist, science and

technology. paralleled by application of demo-

graphic brakes in developing areas, promise an end to

hunger and famine. Technological optimism some-

i denies even the necessity of abating popula-
“growth« ’

At present {1967] there are about 3 billion men living
op earth. The predictions are that there wall be 6-7
on arqund the year 2000. At this rate of increase.
[ ( the number of 100_billion will be reached in 200<
years. At that time starvation may be a bitter memory
-~ only. but today many. many persons go hungry m a
woddwhewthetechnw“v'aysandmeamwpm-
“eqithus are available (deWwit. 1967:320)

Forthepessim;stthefummholdsthepmmiseofan
increasing gap between hungry popyulations and the

ability of the world to feed them. To some observers, -

the world's population has already exceeded the

's_carrying capacity (Whittaker and Likens.
:g. To others. we face the dilemma of providing
food aid as a temporary palliative, only later to wit-
ness more massive starvation among even larger
population numbers:

There can be no moral obligation to do the imposs:-
ble At some pomnt. we 1n the United States are
going to find that we cannot provide for the world
any more than we can police it our position is
this: The sovereign right of each nation to-control its
own reproduction creates the reciprpcal responsibil-
ity to care for its own people - . we must.not permit
our aid to underwrite the failure of some nations te
take care of their own {advertisement b} The En-
viroamental Fund, 1976).

‘Tlieahgrnaﬁvostheharethoseoftriage—to help
those nations where technological development is
likely to be accompanied by population control, and

‘1o abandon the world's “basket cases,” those who

., woudd swamp the lifeboat. -
~ To help us understand .the major directions that
“solutions to the world: food problem might follow, it
will be useful to categorize a number o contrasting
vlewpoints. Earlier we conceived of various defini-
tiens of the.world food problem ‘from a spg
Esvcuve. This grouping was particularly usefi
discussing food supply systems in industrialized.
traditional, and transitional settings. We noted a

s .
29 :

L R Brown {1974:44)

wide range of problems and potential solutions in
eachsetting.b?ow.mvﬂ]ltakethesamekindsof
pmblemsdeﬁnitionsandcasttheminadiﬁaent
way, treating them topically rather- than spatially.

) ﬁgure 12 suggests problem clusters seen from a top-

ical viewpoint, including views of the world food,
problem as fundamentally an economic, technologi-

»cal, environmental. demographic. or moral dilemma.

Among economic problem definitions are questions
of supply and demand imbalance: technology in-
cludes the need Yor research and ‘development of
hew genetic materials and production technologies:
environment includes problems of ecological degra-
dation and environmental change: demography
deals with the question of human numbers; and
morality or equity includes the problem of ua)
access to resources. dietary extremes. and une?up
damental structure of the world economic system.
Fgr any analysis, the problem is typically con-
ceived from oné or more viewpoints on its causes,
followed by solutions to these causal factors. We
view solutions in three broad groupings: those focus-

“ing on technology, population. and moral equity._@

general. technological solutions are those which aim"
to enhance industrialized agriculture at home and
Propagate it in developing areas. along with the
socioeconomic concomitants required to diffuse
technological innovations. The demographic cluster
focuses ultimately on populafion numbers. for even
the most optimistic teghnologists nevertheless con-
cede that the earth is a spaceship. with some upper
limit on human numbers. Clearly no analyst would
be so naive as to assume that abated population
growth alone will solve the world food problem, but
few sblutions omit an implied, if not explicit. popu-
lation component. The equity cluster is a bundle of
solutions that are essentially political. requiring
commitment to a fundamental reordering of food
supply systems at all scales, accompanied in large
ineasure byea similar reordering of world economic
processes. Implicit in these solution clusters are al-
ternative futures, ranging from an integrated world
food system of high technological refinement to a
reassertion of local adaption and initiative. accom-
panied by equitable access to world resources. Be.
tween these lle two forms of inequality and

: diﬂaentiation—dualigy and triage. Duality implies

<
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Figure 12
many of the possible analytical paths that may be followed

marked local differences in food production’
technology. social status. and wealth: tniage implies
the same dimensions among rather than within na-
tions. the perpetuation of the “haves” and “‘have-
nots.” of the superrich and the hopelessly poor.

In this section. we first want.to suggest that the
considerable disagreement as to the nature of the
problem and its solutions reflects positively on op-
portunitiés for solving the problem' Then. we wll
discuss briefly the three solution clusters. finally
concluding that whereas duality and triage are prob-
able futire courses for mankind. this need not occur
if equitable and humane commitments are made by
the citizens of industnalized nations

The Adaptive Man-Environment System

In the context of this paper an adapiive system
refers to the ability of human society to interact with
its environment to produce food. An adaptive system
has several fundamental characteristics. First. it
must be linked to its environment, in this case by
flows of matter and energy. It must be able to extract
information from environment, and to create new
structures and behaviors in response to environmen-
tal changes. These changts may come from within
(innovation) or without (diffusion). Then. process-
esofselectianmusxe)dst,eitherinsocietyoiin
environment. to test potential new behaviors. Fi-
ngl}y.ammorymuste:dsttopmservesuooessﬁll
ions for future use (Buckley. 1968).
biological mechanism of evolution is one
example of tht adaptive systems framework, where
new behaviors (mutations) apparently are randomly

without regard to environmental adaptiv-
ity. Genetic structure remembers changes that have
survived selection mechanisms, and reproduces

....."b

ADAPTATION

Problems. Solutions. and Imphicit Putures o Views of the World Food Problem Arrows suggest some among

¢

them 1n the process of eultural adaptation. while not
denying the possibility of an “out-of-the-blue’” act of
creativity. the creative process is guided by informa-
tion flow from environment Knowledge and the en-
culturation of children are means by which cultural
memory is preserved Thus both genetic and cultural
adaptation are possible 1n interaction with environ-
ment (Figure 13). and both are relevant to this dis- .
cussion. Genetic adaptation 1s an important element
in providing new crop and livestock varieties to
meet imperatives of food supply. whereas cultural
adaptation may be seen from a wider perspective as a
process by which mankind solves its problems.
How does cultural adaptation occur’ One useful
perspective on that process is to think of certais fil-
ters through which new ideas pass Cultural filters
measure social acceptabijty as well as test new ideas
with respect to existing rledge. Economic filters
test the wability of a new ddea from an economic
viewpoint: most obviously 1n monetary returns 0
investment but, in broad terms. as a measure of de-_
sired returns in comparison to those from alternative
investments of scarce inputs. Ecological or environ-
mental filters take the test to the real world, and in
that context select for viability (Firey..1960). These
perspectives. however. do not tell us where ideas
come from. nor how they relate to the contempcrary
situation. . -
Many ideas are derived in relationship to ongoing
problems or to salient issues of the moment. Figure
14 schematically suggests a sequence of events that
occurs in society's problem solving sequence {Orm-
rod. 1974). Awareness of the problem comes from a
linkage between society and environment. The crea-
tion of new behaviors includes analysis and eventual
definition of problems. and the search for solutions
that are put forward and culturally screened.!Then.
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Figure 13. Information, Adaptation, and Continuity in a
Man-Environment System. Modified from Bajema
(1972:225) Used by permission of Social Biology

attempts at solution may have several results. with
smﬁdsoluﬁonspr&semd(culhmﬂyemodd).
Pmervodknowledgemmdiﬁonalsocieﬁesumfer-
rédtoasethnmdanca,whemsmmodsocietm

solutions is seldom random, but is frequently chan-
neled by our understanding of cause and effect- We
- accept that events have causes and seek to under-
stand the identity of causes. the mechanisms by
whieh*theyoperate.mdtbepmmtboympr&
sent. For example, searching for a solution to the
problem of increasing crop yield depends on under-
standing what it is that makes plants grow. Plant
growth may be-limited by insufficient water, infertile

soil, competition' from other plants, diseases, or -
paus.lfyoumafarmainsouﬂmeigeria,you -

may understand the use of chemical fertilizers be-
cause your traditions have made you aware that
. “plants grow by taking up substances (“fet”’) from the
aoi_l.Onlytfyoumanamnomjnmyoulikelytp
nﬁdﬂﬂnndfnﬂythawmecropompmducingthe_ir

mercially produced "“fat” for the soil: the ag-
ranomist’s for genetic material with a grester offi-

Figure 14 'Problem Splving 1n the Adaptive Human Sys-
Richard Ormrod

. tem. After Ormrod 9974:231) Used by permussion of

cier;cy of solar energy conversion and fertilizer utili-

tion. |

Three important implications follow from ap
adaptive systems perspective on the world food
problem. First, it is important to recognize the inher-
ently conservative nature of adaptation. Perhaps in
biology you heard the phrase, “ontgg®y recapitu-
lates phylogeny.” This means that the embryonic
development of advanced life forms follows an

- evolutionary-like process, progressing from single

. . _ A
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Md * v
Definiti .
‘ — ‘—4 [ "ﬁ !\\
New ,
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Problom ] {
‘ ) y R {
Wrong N .
' Sokution Solutions Sought
iy
) |  ~
s Propiand
- J j L
< \ ’ /
W“r:\g Solutions Screened
T LS
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\' J ]
: y
Soltions Soce
Preserved - $

cell to increasingly complex forms as it grows in the __

egg or uterus. Genetic evolution builds upon itself,
rathes than tofally ing life, and .accumu-

lates minor. modifications which have permitted. .
. survival in different and changing environments. In

the case of society's adaptation to environment, even
adaptation may suggest too extensiye a change. A
better term might be adjustment, a series of minor
changes that acqumulate over time, but which when
viewed from only two ends of the time spectrum
might appear to be a more radical adaptation. Adap-
tation does occur. however, when dissonance be-
tween society’'s understanding of and behavior in en-
vironment utterly fails, and when survival itself is
threatened. The temporary abandonment of pastoral
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life for urban refugee camps in the West African
Sahel represents this kind of adaptation, at least in
the short run.

The conservative nature of adaptation can be seen
in the process by which the world food problem is
addressed. Most solutions represent a cumulative
tinkering with the status quo, rather than any fun-

damental reordering of the system as it now stands.

Only massive dissonance could alter this pattern. but
for spme obsegvers such dissonance appears at hand.
The second isplication of.thé adaptive systems
framework is the value of a multiplicity of problem
deﬁnition_?_h?lutions. experiments, and eventual
answers. greater the universe of perspectives,
the greater the opportunity for productive solutions
to be found. Rather than experience frustration at the
complexity of the world food problem. we can be
encouraged by the plethora of analyses and ap-
proaches being undertaken. This further implies that
we must avoid two potential reactions—dependency
on a monolithic respiase jo the problem (particu-
larly. putting all the eggs in the industrialized ag-
riculture basket). and feeling a hopelessness that
uses us to continue as in the past. becoming insen-
to the problem itself The conceatration of
oJogy and economic power in the industrial
d in a small number of powerful firms within
it enhance the risk of both reactions
Finally. the adaptive systemaperspective helps us
to link problem definitions. suggested solutions.’and
implicit futures. We can trace one or several solu-
tions proposed in relation to conceptualizations of
_the nature of the problem. as well as the local and
global implications of the solution (Figure 12) For

example. If one views the problem narrowly as excié

cessive population growth 1n nonindustnalize
areas which 1s hopelessly destroying the.ability of
resburces to provide sufficient foodstuffs. triage is an
imphcit (if not an explicit] future should population
control fail to materialize. The greatest impediments
to solving the world food problem may well b&’ill-
conceived definitions of its causes, leading to mis-
directed solutions . )

Technology

Much of the contemporary literature on the world
foad problem focuses on technological approaches
to increasing food production. as well as on the
planning necessary to disseminate technological
breakthroughs and encourage technology dependent
agricultural development (Science. 1975, Scientific

American, 1976), For this reason, we will consider ~

altegnative approaches in greater detail, briefly
suggesting major directions of technological em-
phasis and focal questions ton ing technology
based on agricultural experience if°the industrial
areas. .

A wide range of research directions focuses upon
technology (Table 28) as a solution to-the world food
problem. Many approaches represent a continuation
of emphases already evident in the green revolution.

e ) -
.

including crop- and livestock genetics, farm opera-
tions. and increasing reliance on institutionalized

+ research. A majorempbhasis is on direct and indirect
gnergy subsidies to agriculture Mechanization, ag- -
ricultural chemicals, and irrigation represent the °
substitution of energy for land and labor; mainte-
nance of food stockpiles and commodity food aid to
abate famine are similarly energy dependent. It is .
obvious that it-would be imggisible to produce all «
the world's food’by energy intensive industrialized
agricultural systems. To in energy intensity
substantially is equally prob ical. For example.
it has been estimated that to double the world’s pres-
ently irrigated land would require an energy input

. equal to five percent of the world’s petroleum re-
serves ear (Pimentel et al.. 1975].

Could Industrialized agriculture, through food
stockpiles. meet needs created by production
shortfalls, while intermediate or small-scale energy
subsidized technologies catch up with food re+
quirements? Political and mathematical anaivses of
the necessary grain stocks have been undertaken
(Eaton and Steele. 1976). but problems inhesgnt in
commodity food aid persist There seems te be a
strong view against regular food aid. which is saidto
allow recipient governments to focus on. industrial
_development to the detriment of agncultur{

To continue to allocate free or low cost food to gev-
emments that neglect their owfi rura) areas 15
counterproductive . It symply allows governmenis o
put off the tedious and unglamorous task of helping
their own people help themselves i{Wortman
1976 33;

N

Commodity aid may not solye food supply projplems.
since much food aid 1s sold by the recipient govern-
ment and may not reach all needy persons In add:-
tion. food aid may carry uneconomic “strings” such
X the U S. government's requirement that fifty per-
cent of such shipments must be transported by
American carriers. paid by recipient countries
(Miyamoto. 1973) Program fevenues loaned to pri-
vate firms as part of policies to develop commercial
opportunities may have negative repercussions For
example. American firms have used low interest
government food aid funds to establish poultry 1n-
dustries in Colembia and Seuth Korea. eventually
- diverting crop production from traditional foods.
such as inexpensive dry beans as a protein source. to
needs of the poultry industry (DeMarco and Sechler.
1975.46-50), Put simply. food aid has often been one
dimension of continued economic imperialism’ by .
the industrialized nations
- Technology and technological research are indis-
- pensable for meeting the needs of the world food
problem {Margjn. 1975) Unfortunatelv. technology
is 90 closely entwined 1n larger economic and politi-
cal spheres that it is difficult to select technologies’
appropriate for local ‘agriguitural improvement
which are free from the tentacles of the world energy
economy and the warld political system
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‘F‘ - TABLE 28. TECHNOLOGICAL SOLUTIONS TO THE WORLD FOOD PROBLEM

l-)ood' Production:

Crop genetics

Improved photosynthetic efficiency
Disease resistance ¢ ’
Ferilizer response .
Improved structure for light reception
Improved nitrogen fixation

New bybrid varieties
New domestication
Drought resistance
Improved ntritional

.Animal genetics

Conversion efficiencies

New domesticatign

arm operations

- lmproved pest control

New pesticides and agrichemicals

Aenal apr! cation of pesticides
Improved c.sease control*

Soil management improvemerts
Mechanization

Irrigation

Factory farms

Research .
Technology transfer
Enhanced’international research netwark
Building agricultural research in -
developing areas

’

quality of crops

&
N~

;
I
¥

ion of protein in o1l crop
residues

Single gell protein

Hy fics

Aquaculture

Fishery management

Fish meal
Land resource development and preservation

Arid areas

Humid tropics

Potential land in industrial areas -

Preservation of existing production areas
Food preparation technology

Nutnent fortification

Food synthes:s 2

New processes to utilize existing crops
Food stockpiles

Emergency supplies

Price stabilization
Commodity food aid

Food protection after harvest

Agricultural spectalization

Source Compiled from references in me’oibbog?-

=

-

Population

industry. agriculture. sesources. and pollution. Each

The important role of population in the world food
problem is illustrated by the agricultural portion of
the World 3 computer simulation model (Meadows et
al.. 1974). World3 was created to explore the com-

" plex web of interrelationships among population.

F} -

of the sections of the model is quasi-independent,
, with external connections to other sectors of the
model. The agricultural sector (Figure 15) consists of
several overlapping loops relating agricultural in-
vestments, resources. and food productivity (Randers

’
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and Zahn, 1974). Loop 1 is 8 pegative feedback loop
which adjusts foad output from land in production
to match food needs by the mechanism of investment
in land development (Loop 1 = 1—2—3—4-5—1).
Loop 2 {1—»2—+7+9—5—1) is similar in struct
adjusting food output by agricultural investm
However, such investment implies an ad?yo
loop (3 = 1—+2—+7-+9—8—>4%1}, with positive feed-
back indicating that increased sproductivity ,will
mean increased erosion, requiting further investment
to increase productivity. Loop 4 is also a positive
feedback loop (1—+2—+7—10—11—9—5—1) repre-
senting fertility degradation as a result of pollutants
and other soil destroying processes. Fertility
regeneration is possible in loop 5
{1—>6—12-»11—8—5—1) by alocation of land’to re-
storative processes. Loop 6 (1=>6—7—9—5—1), fi-
nally, suggests that food supplies can be augmented

_ in the short run by bringing fallow land into produc-
tion.

The actual operation of the agricultural segment of
World3 depends on a number of assumptions, éx-
pressed both verbally (Table 29) and mathematically.
In addition, the mathematical equations describing
the system must be calibrated for the “real world.”
The derived dynamics of the agricultural sector of
World3 provide an interesting perspective the
role of population. Among .a number of possible

modes of population-resource interaction are those
illustrated in Figure 16, and the question raised is
which, if any, appears to operate in the agricultural

sector- Tests of World3 included an historical cali- -

bration of the model, and a series of $tandard and op-
tional runs to assess the model's sensitivity to esti-
maton of parameters and technological innovations.

Although’there are many intriguing details at every .

step of the World3 model. we must limit mention
here to two results of these tests. First, virtually any
" combination of calibrations and technological policy
resulted in an overshoot and decline pattern of popu-

lation and resources. The model suggests that the

* critical element that is altered by various parameter
changes is the timing of the overshoot and decline,
with each alternative simply accelorating or putting
off the inevitable. Second, a series of equilibtium
runs indicates that stability is possible. if the basic
comective mesfure—population stabilization—is
taken sufficiently early. Figure 17 is the result of the
rin which assumes cessation of population growth

-in the yegr 2000. .

One can debate whether 2000 is a firm date by
which population growth must end. Indeed whether
a leveling of populatior “is more likely a cause or an
effect of development is questionable (Frederiksen,
1969; Teitelbgum, 1975). Regardless. population
numbers ate a critical element in food system ade-
quacy. Clearly population is crucial now given the
unredressed imbelances in access to resources and
differentials in -fopd productivity. that characterize

- the world food system. Even the most optithistic
view of the success of various éther “‘solutions# to

< vl

" is a decline in the energy intensiveness and resource
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Fi 15.. The Structure of the Agncultural Sector of the
world3 Model. Adapted with permission from Meadows.
Dennis L. William W Behrens 1I1. Donella H. Meadows.
Roger F. Naill. Jorgea Randers. and Erich K. O Zahn.
Dymamucs of Growth in a Finite World. copyright 1974 by
Wright-Allen Press Inc.. Cambridge. Mass 02142.p 269.

the warld food problem must be contingent on even-
tual balancing of popalation and resources. Whether
this will be accomplished on a regienal scale, with
vastly different levels of Jnaterial life, or on a-world
scale, with considerable bquity in quality of life. is a

choice thatla'{gs ahead. : ) o

’ fequity

The third solution \luster is one of equitable
availability of resources Yo support food supply sys-
tems. Two elements dominate this cluster. The first

L ]

demands of industrialized agriculture; the second,
builds upon local initiative for agricultural de-
velopment in nonindustrial areas. Realizing

goals may require more than humanitarian commit-
ment: major segments of the world food system may
have to be removed from the Thechanisms of
economic markets and from the domination of
economics in the formulation of political policy. Re-
lated to this cluster are larger questions of world
economic processes and access to resources and
wealth; examination of food supply provides a brief
glimpse of even broader questions of economic jus-
tice. As children, our mothers chided us for not eat-
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Figure 16. Population Growth and Resources. Four po-
tential relationships between population and resources are

“tllustrated: a) continuous growth; b) sigmoid ar logistic
approach to equilibrium; c) overshoot and oscillation: and
d) overshoot and decline. Adapted with permission from
Meadows, Dennis L., William W. Behrens III, Donella H.
Meadows. Roger F. Naill. jongen Randers. and Erich K. O

Zahn. Dyanmics of Growth in a Finite World, copyright |

1974 by Wright-Alien Press, Inc.. Cambridge. Mass. 02142.
p-8

ing; while children elsewhere were starving. A
mother’s admonition rings frighteningly true.

' Decreasing Resource Demands
by Industrial Agriculture

The principal reason to alter the nature of indus-
trialized agriculture is not, as skeptics have
suggested, to redistribute food te hungry masses.
Rather, the purpose is to make agricultural inputs
accessible where their marginal returns are greater
(and at lower prices); to improve the health of con-
sumers in industrialized nations {by adjustment of
diet quantity and quality to levels of necessity rather

« than gluttony); and to enhance the evolution of pro-
duction technologies less wiilnerable to the kinds of
disruptions cited earlier in discussing" the green
revolution. -

A variety of methods have been suggested for de-
Creasing resource consumption in industrialized
food supply systems (Brown. 1974:110-111; Wittwer,
1975:583). Energy inputs, for example. can be re-
duced by more efficient transportation systems, proc-
essing, and container technology. Irrigation effi-

. ciency can save water and legume rotations can save
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Figure 17  Stability in the Agricultural Sector of World3.
This simulafion assumes leveling of population. industrial
output. and persistent pollution in the year 2000 Note the
trajectory of each variable from 1900 to 2100. Adapted
with permission from Meadows. Dennis L. WilliamW.
Behrens I1l. Donella H. Meadows. Roger F. Naill. Jorgen
Randers. and Erich K O Zahn. Dynamics of Growth in a
Finite Werld. copyright 1974 by Wright-Allen Press, Inc.,
Cambridge. Mass. 02142, p 361.

fertilizer. Two specific examples will suggest that
substantial levels of resource savings are possible
with negligible threats to the provision of food
supplies, and with both humanitarian and economic
benefits. One example is the animal protein depen-
dent diet; the other. use of agrichemicals. «

Animal Versus Plant Protein ;

One of the major means for redycing the resource
demands of industrialized agriculture i®alteration of
the animal based diet toward greater dependency on
plant protein. This does not mean eliminating ani-
mal products from diets. As ruminants, cattle, sheep,
and goats can use foods that cannot be digested by
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TABLE 29.. ASSBMPTIONS OF THE AGRICULTURAL SECTOR OF WORLD3 B

1. Food is Produced from arable land and agricultural inputs (fertilizer. seed. pesticides).

2. Food eutput increases when the arable land area, the land fertility, or the amount of agricultural inputs

are increased.

3. There are decreasing marginal returns to the use of agricultural ixfputs. ,

4. The.amount of potentially arable land is finite, and de
irrigation dams) increase as the.stock bf potentially

most accessible land is used first.

_ 5. Newly developed land enters at the current average land fertility. - ‘
6. Arable land erodes irreversibly on a time scale of centuries when subject to intense cultivation. unless

countermeasures are taken.

7. The stock of arable land is decreased by urban-industrial building activity, the rate of decrease depending

on both population and industrial growth.

8. Total investment in agriculture increases in the long run with increasing industrial output per tapita and
inthgshoﬂmnwhen’fomdmdosobyfoodshonages. i ) .
* 9. Agricultural investment can be used to develop new land or to increase the amount of agricultural inputs
- on present land. Investmeny is allocated on the basis of the relative marginal productivities of the options
measured in_vegetable-equivalent kilograms per dollar-year.
10. The capital intensive use of land can lsad to persistent pollution of the land (high pesticide
concentrations, salinity. heavy-metal poisoning}. . » -
11. Land fertility decreases on-a time scale of decades when the level of ‘persistent pollutants becomes high.
12. Land fertility regenerates itself over decades. and the process can be speeded up by proper land

maintenance. .

shortages.
14. Land yield is reduced by air pollution.

Farmers Yend to maintain soil fertility by the proper use _of capital except when pressured by extreme food

Vs

.

Source: Assembled from Randers and Zahn (1974), in Meedows, et al.. Dynamics of Growth in a Finite World Cambri
Wngiy-Allen Press. Inc. pp. 288-260. Topyright 1974 by Wright-Allen Press. Used by permiesion of D L. Mesdows and

Press. s .

man; including crop residues, forage crops

on land net sujted to other crops. and pasture that is
not cultivable (Hodgson, 1976; Janick et al., 1976).
Forage crops as part of soil restoring rotations in-

. clude nitrogen-fixing legumes. Thus, there are many

cases where animals play an important role in food
supply systems, where they are fully integrated into
an ecologically h:;iﬁl'mtation-system, or where
they indirectly food resgurces that otherwisé
would be lost to man. ) .

What can be reduceq, however, isthe allocation of

feed grains to livestock, replacing that portion of

animal protein intake with vegetable protein, or
slackening protein intake to sufficient rather than
superabundant
wise available to man, or food produced on land that
could produce human food. great inefficiencies
occur that can be gttributed primarily to dietary pre-
dilections rather than to biological necessity. Vari-
ous estimates have been made of the conversion ef-
ficiencles of livestock, as
consumed. by humans (Table 30). The various ef-
ﬂciencjasmnbemnreadilyinmarketpﬂcesfor
food commodities, as well as in dietary advice for the
poor—milk and eggs are much less expensive
sources of animal protein, than meats. Typically.
mest prices range from broilers (leest expensive),
pork, snd beef to lamb. .

“~

B

levels. When fed with foods other- -

ted in the products,

dge, Mass.:
right-Allen

.~

What would be gained by a decrease in the animal
portion of diets? First, land for human food produc-
tion would be idcreased greatly. Forage crop and

. feed grain land would be available for producing
human food. Also, the amount of land needed to
provide protein suppliés would be vastly- decteased
(Table 31).- Lockeretz (1975: 270) suggests that from _
three to six times as much land may be required for
'beef production compared to vegetable protein in

- N

TABLE 30. E LIVESTOCK CONVERSION '
, EFFICIENCIES

, , Conversion Efficiency (%P
Animal ,* Produdt Energy Protein
Cow Milk 17-19 (44) 25-31 (47)
3-8 4-15
Pig Pork . 13-15 9-20
Sheep Lamb 2-6 4-10
‘Chicken Broilers 10-12 18-25
. Eggs 13-18 {20) 20-27 (36}
Goat Milk (25) (44)

* Range of values includes typical values (Janick et al., 1976: Van
Vieck, 1875° Pimentel et al ; Heichel and Frink. 1975) and. in
. potentially feasible values for milk and eggs (Byerly.

1967),

‘= 66 .

~

Velopment costs per hectare (for clearing, roads, /°
arable land decreases: in other words. the best and .
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-~ TABLE 31. COMPARATIVE RESOURCE USE FOR HUMAN PROTEIN SUPPLY ALTERNATIVES - «
’ 1 > >
Region an . Raﬁoofmomceusafmbeefpmdmﬁonmeqmvalentptaemwminwheaﬂsoybeans‘
Production - . - . . * frrigation
' System* U Croplapd® ~ Energy* Water Fertilizer
Texas High Plains
Nonirrigated 3.0 10, N - 8
igated - 21 5 N 19 .
Western Nebraska . . . :
Nonirrigated 5.9 17 - ~ 7 -
© Imigated cropg® 3.2 17 - 22 16 .
. and'pasture . 32 24 45 N 26 ‘
Northern Indiana 4.0 1 - 10 3
Georgia Coastal Plain ’ . i
* Graifi-fed. 3.4 14 - " 10
Pasture-fed 0.3 - 14 PR — 12

. *Each beef production system includes pasture
fod. which uses intensive pasture finishing).

plus feed grain and protemn supplement with feedlot finishing {except Georgia pas;ure-

* 1.0 pound Jean beef versus 1.06 poundswholéwhe'at plus0.23 poupds;oybe;xx‘ Vegetableprot‘nsoumesirrigatedwherefeedsmjm‘

:min'lguod. ‘
18 ¢ Not including pesture. some of which may be cultivdble.
’! ‘lncludulhughutqrﬂmnprweuing

Ssmuladmnmzzowndbypamn&uofun;ou}mlo;scﬂmdwawm'

f

‘most parts of the U.S. Second, water resource use
would also be decreased, with irrigation require-
ments alone being four to 45 times greater for beef
than for other field crops. Bradley (1962) suggésts

* that the tptal water cost of beef is. 25 times that of a
v ah diet, considering -water needs of plants
supporting each system. Fertilizer requirements

could be substantially decreased {one-seventh or
less), as could be overall energy requirements (one-
fifth or less]. In summary, at 1970 U.S. crop yields,
~: one hectare of cropped land could provide the an-
-. nual protein needs of eight (wheat} to 16 (soybeans)
adults, taking into account net- itilizable protein
(Pimerffel et al., 1975.756). -
Several counterarguments are often raised con-
terning the ugjlity of a tial decrease in animal
- consumption. First, it is pointed out that animals use
some foods not available to man. However, an ani-
mal based diet in the industrialized world does rep-
resent a substantial allocation to livestock feed of
both. human ‘foods’ and the--resources to produce
‘these foods. Second, ‘it is argued that food resources
made available by such a change could nét effi-

areas. This argument ignores, however, the decrease
4B resource demands such a change would- bting—a
decreese tn demand for energy, fertilizers, and other
agricultural inputs—thus providing less competition
and perhaps lower prices for these inputs to the de-
veloping areas. Certainly only modest dietary
change couild reestablish the food stockpiles eroded
| during recent years. Furthermore, it is suggested that
cultural, political, and economic obstacles make re-
ducing output in Amerita quite unlikely {Hop-
per, 1976:197). However, there are alternative process-
os to gccomplish this end. One is # marked decrease

ciently orcontinuously be allocated to deyeloping

v 4 2w

in agrichemical use, driving meat product prices to
commensurately higher levels, with increasing abso-
lute differences in price betwsen vegetable and ani-_
mal sources of protein. Alternatively, the govern-
ment could impege a ceiling on meat consumpti n,
with coupon-rationing and price controls i pos

on animal produéts requiring. resources

préduce nutritionally equivalent grains and legumes
(Backstrand and Ingelstam, 1976). Finally, it is ar-
gued that scientific research is improving the ef--
ficieacies of feed conversion, and this, in cgnjunc-
tion with increased use of nonhuman food. réltirces,
will make animal derived foods available with more
attractive.costs and efficiencies than now exist. This
argument, however, also suggests that the sooner po-
tential shuman foods are denied for animal suste-
nance, the more rapidly these innovati will
emerge, if for np other reasol than price incentives
to find innévative meat production technolggies. We
can conclude that what political decisions cannot
now equitably and humanely determine about api-
mal food consumption, the marketplace will eventu-
ally decide, too late perhaps to save squandered re-
sources. : : -

. Agrichemicals'

- Pest eradication. was.a tent theme accom-
panying use of chemical pesticides. In corn produc-

- tion, pesticide use increased thirty times in the last

twenty years, but insect losses tripled. Pest resis-
tance to chemicals, accompanied by high costs and

. environmental contaminatiéh, may change the pat-

to incré'asi‘n'g emphasis on biological controls and ..

tern of pesticide use. Econpmic and environmentsl
consequences of the eradication approach have lead

‘ o \
. .o
‘ .
.
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* pest managemerit. Biological controls include those
kinds of pragtices we mentioged in discussion of
traditional agriculture—encguraging natural ecolog- -
ical balance by the nature of prgduction—or use of
natural parasites of pests. Fopexample. California

" viticulturalists plant evergreen blackberry buShes
near the vineyards as hosts for a wasp that preys on
the grape feafhopper. Pest managemenst includes the

. use of pesticides, but only on a “when needed”
rather than a routine basis. Based on knowledge of
develapment of the pest's life cycle. field inspec-

. tions, and compuyter modelin;, it is possible to pre-
dict when pest outbreaks are fikely. and for farmers °
to receive advisory- messages at that time. Potato
producers in Pennsylvenia. apple orchard owners in
Michigan. and cotton producers in California can
@se integrated pest management systems. Biological-
controls and integrated pest control might break the
Picious circle of inc ed pesticide use accpom- :
panied by rising crop losses as pests develop resis-
tance (Brody. 1976) . . ]

<t is conceivable that American farmers could
elimtinaie the use of chemical fertilizers and pes-
ticides. Chapman {1973). fo™example. suggested
some consequences of regulation and .prohibition of
chemical'use. Among these would pe an increase in

* cultivated land with increaged soil erosion as margh
nal land comes into produftion: higher food prices:

. smaller exportable surpludgs; thanged food appear-
ance as a result of insect.4r bacterial spoilage; and
potential decline in f ts ard other intensive
production units degendent on chemicals A return
to crop rotation raffler than monoculture would oc- ,
cur. as well as a decline in emigration from farming
areas. Farm incomé%ould.ipcrease, a projection that -

. is substantiated by studies of contemporary organic

** farms undertaken by the’ Centes for the Biology of

. “Matural Systems at Washington University (Lock-

“* eretz et al’. 1975). Sixteen organic farms in the-

Midwest were Ryatched with control farms on the
basis of size. soiktype. location. and cropflivestpck
. Although beth farm groups—
organic and inorgamieCwere highly ‘mechani
.the organic farms useth only one-third the-total
energy input of the control farms per unit of produc-
tiqp. The market value per acre was only slightly

« Jlower (eight percent) for the organic farms on an ac-
_reage basis. and the differente between crop value’

and operating costs was virtually identical for the
two groups. because of the lower input costs for the
organic farms. This conclusion suggests that if or-
ganic farming were widespread. and commodity
prices increased accordingly, farm incomes could
indeed inicrease. ¢

"1t is difficull to measure the potential ¥mpact of
pesticide prohibition. It is certainly erroneous tg ex- .

. trapolate from isolated organic farms..amidsf pes-

ticide using neighbors. The neighbers provide an
¢ obvious gpatial buffer decreasing the risk of pests.
diseases. and weeds. Pimentel (1973) argued that
prohibition of pesticide use in the U.S, would cause

D 4
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_& seven percent increase in crop losses. This loss

L 3

would be less than the ‘annual ten percent produc- |
tion surplus. Pesticide prohibition woald raise farm .
product value by one-guarter bt retail food prices
by only nine percent (Pimentel, 1973). since only
one-third to two-fifths of food prices are determined
by farm commodity prices (Chapman, 1973).
‘How could pesticide use be curtailed? One
mechanism is price. At present, the benefit-cost ratio
*for pesticides is about three to one. This means that
every dollar spent to purchase and apply pésticides
yields three dollars increase in crop yield (Pimentel,
19739 If pesticide costs were increased. this
ratio would be less favorable. Among mechanisms
for raising these pricéS would be higher input costs
ticide manufacturing (particularly petroleum
s): .higher costs involved in proving safety of
icides before use: and taxation. Increased prices
t not be sufficient however. because decreased
pésticide use accompanied. by lower production
would raise ‘commodity ‘prices. thus increasing the
potential -benefit-cost ratio. The alternative
mechanisms are government control. such as exerted
by the4.S. Environmental Protection Agency on en-
vironmental contamination abd by the Food and
Drug Administration on chemical residues on food.*
and consumer preference—a demand for organic
foodg, Outright legislated prghibifion would face in-
surmountable political angAndustrial opposition.

A negative change in #heigy intensiveness in in-
dustrialized agriculture is a two-edged, sword. On
the positive side are these potential results’

Impetus to maintain land n farms  © ,

Increased income to farmers

Greater farm-empleyment - i

Decreased ecological and health risk from.chemi-

cal residues. ’ :

Use of natural pest controls

Use of fertility enhancing crop rotations
On the other hand. these would also result

More land in cultivation

Greahgr risk of erosion on margipal land ,

Smaller, crop production

igher food prices "

Less exportable surpluses . ¢
Alone. a simple decrease in energy use m indus-
trialized agriculture—primarily through reduction
in agrichemicals—would reduce significantly de-
mand for fertilizers, pesticides. and hesbicides, with
the potential of making these commodities accessi-
ble at lower prices to developing areas where their
use is appropriate In other words. the means for
production rather than the food itself would be real-
located ) . - .

The joint effects of dietary change and’a decrease -
in energy intensity would be less ecologically dis-
ruptive, since the cropland saved fromt allocatiggyte
feddgrain production would offset decreased y®lds
from agrichemical prohibition. Substantial
economic dislocations would occur. since many
American grain falgers also producu*isvestock prod-

.
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Tucts; agricyltural input industries would be ‘-
verely affected. Even if these two policies were
adopted—a substantidl decrease in -animal-derived"
foods and a significant decline in agrichemjcal
use—planning for cashioning the econpmic impacts

" is'a major umdertaking. in addition to the need for
. planning effective transfers to developing areas of

mobilized resources: . P
There are moral. ethical. environmental. and health
arguments for the nich.tq alter their consumption to
benefit the poor which do not need to be justified by
the assumption that productien possibilities are liin-

- ited, of that food will be more costly and scarce, .
‘unless an effective institutional mechanism 1s estab-
lshed to transfer the sacrifices of the rich—in food.
resources. or income—to the poor an¥ mal-
nourished. such sacnfices are not likely tb be effec-
tive (USDA. 1974a 52)

s Enhancing Local Initiative 1n Developing Areas -.

Increasingly it has been recognized that food sup-
ply systems of the developing areas are ultimately
dependent on small-scale farmers and opportunities
for increasing their productivity Attgetion to the
small farmer as opposed to larg'n-ﬁsa!gsﬁc‘hemes can

" be seen in statements of agricultural philosophy. pol-
icy, and practice Ward (1974:25). for example, has
sugges@ that: - . ‘

TR i upon {the) strategy of backing:the small
men—the half billior small farmers in the develop-

* ing werld—that'the hopes of feeding most of man4
kind in the I6nger term depend. . .

Recent statements of intent by the World Bank
(1976:15-17) parallel very closely new directions 1n
USAID assistance -focusing on improving production
in rural areas. with a strong component 6f equity or

- shared opportynity by significant nusmbers of. rural
poor:

The bank beligves that rural develspment prop-
erly conceived and carried out need not conflict
with the objectives of “higher food production n-

) deed. studies indicate that small farmers are often
. more efficient in the use of farm resources then are
large farmers And though 1t-may take lenger to 1n-
crease food output on small farms than on larger
units—it 1s more difficult. for instance. to devise and
implement development schemes involving large )
numbers of smallholders than those affecting onky a
few large-scale farme he Bank has conc]uded
that. in, the longer run, increases 1n food produclion
of ghe magnitude required to satisfy wérldwnde de-
. mandtanonly be achieved by helping small fatmers
Increase their productivity and output .
In practice. a number of studies have suggested the d
positive. focal role of small-scale farmers in de-

" velopment, such that enhancing their'contributions"

to development planning is increasingly imperative
(Knight. 1974; Morss et gl . 1975; Crosson. 1975).
First; local farmers are often aware of problerfis and
constraints orf productivity Second. amplé ev?ence
\as accumulated to suggest that they respon i-
tively to‘oppprtun'ﬂies that are environmentally,

« " (Y ®,
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. given appropriate,

sities. Third, much
and food crepsin  *~

R achieved by small-scale

farmers. Finally, in tional technologies. poten-

tial new ideas of widdr applicability may be found.

One example of the potential use of traditional -
practices for agricultural development is the recent
spread of water fern cultivation in rice paddzz in
Vietnam and southern China (Galston, 1975). In Thai
Binh province of northern Vietnam. farmers have .
cultured the water fern. each year transplanting the
fern to rice paddies. The fern vegetadively propa-
gates. eventually covering the surfate of the water.*

Rite yields are increased by fifty’to 100 percent due
to nitrogen fixation by a blue-green algae that lives
in pockets on the water fern leaf. The symbiosis of '
the algae and fern is turned by these farmers into a
symbiosis of rice and humans as well Preserving the
fern for the annual inoculation was a well-guarded.
indeed valuable secret. kept even from local women
.who might-marry int6 outside villages The peasants
were pursuaded to share this technology during the
rice shortages of recent decades. and techniques of
“water fern culture are no longer Sr? This L
tiongl technology is proving of gréht value in the
a of fertilizers )

is danger that many traditional technologies
may be lost as “modern™ education and agricultural
practices supplant traditional knowledge and
technology. If we view these traditional practices as
a source of ianovation, 1t 1s clear that they greatly
enhance potentials for local agricultural improve-
ment, as well as multiply the numbers of potential
“solutions" to the world food problem. For example
the Chinese government eneourages traditional pest
control practices along. with modern procedures.
with emphasis on prevention as well as on cure
{Chiang. 197§)

Successful release of the latent potentials of farm-
ers ‘in the developing areas raises practical and
ethical queswons Practically. science and technol-
ogy rmust.ywork coeperatively within local environ-
mentsmin seeking solutions. “Approprate” or-"lter- .
native” technologies may make the technological
progress of the indusfrialized world available aMa
scale relevant to the small holder in developing areas -  ° »

of the gains in producti
developing areas have,

e (Sch“{nalyr. 1973: Dickson. 1974: Wade. 1975b. .. -
Bkel1975

Chid : Makhijani and Poole. 1875) How- .
ever. is it ethically acceptable for dogor nations to
focus gn development and diffusion of technologies .- .
that afe now questioned in the industrialized areas”
Can we justifiably encourage dependgncy oh pe-
troleurh when we continue to squander this resource
for our own food prodiction and “necessities” of - .
life? As Schumacher (1973:28) suggests: - »
It'is glear that the rich are in the process of stnpping
the world of its once-for-all endowment of relatively
.cheap and simple {to-use) fuels

‘The m@nw of green revolution technalogy .
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- . N
. ! . .

\ - g




¥

PO\

s

suggests the desirability of either fundamentally dif-
ferent approaches to agricultural devgfopmentor a
basic restructuring of the.world-eco ¢ system to
assure careful husbanding of ener2;i resources.
Given the improbability of.the latter. the former as-
sumes crucial importance. 4

The Risk of Duality
The ultimate hope of technology is that somehow

the gap between rich and poor will be closed for

most of the world's people. A partial commitment to
solutions that are locally adaptive and equitable—
such as developing local initiative or assuring a
modicum of access to resources—imposes a common

" risk with technologica) solutions that only partially

succeed: increasing duality. and the potential of
-triage. Economic - social. and spatial dualities in de-
veloping +areas ar¢ already “familiar. as are similar
distinctions between the industrialized and develop-
ing areas. From_ the acceptance of duality.
triage is only a shert step down a road toward the
end of our morality. If we have neither the hope nor
the moral commitment that all of humanity shall
have equitable access to world resources and oppor-
tunity for freedom from hunger. we face an increas-
ing probability of triage being seen as inevitable and

therefore acceptable. For some.-triage is a fashion- -

able response to the threat imposed by equity and
justice. ’ .

No short term palliative will redress present in-

L 4

'

equities in the world economic system. 1f prevention
of hunger and famine are of highest priority in what
must be a lengthy and difficult process. this at least
can be accomplished now. with food production
technologies presently available and resources
courageously redirected. Berg (1975:35) has argued ’
persuasively: ' A

3

After all the pohtf%al and economic arguments, deal-
ing with hunger and malnutntion is a moral issue—
that demands a oral response. Why should it be so
difficult to justify? We often hear that national
policies should flow only from self-interest We
somehow have failed to recognize that doing good

. for the sake of doing good 1s self-interest. To most
people. ethical. concerns -are of value. Compassion
and human decency may not lend themselves neatly
to cost-benefit analysis. but the desire for sound
mo<al values. andéhe transfer of those values to fu-

. dure generations. addgitimate rationale for Gov-
ernment action Somehow, affluent societies must

* learn to accept this kind of self-interest as a basis for
-public policy .

Given the facts. adherence to the lifeboat or triage
theories is an intellectual and moral cop-out To the
extegt that there 1s to be hunger and malnutrition. it
v.lfie a direct tonsequence of maldistnibution of
resources among and withut nations. Enlightened
policies and actions could prevent it. and we have no
choice but to try To do otherwise would reflect a
fundamental and gnevous chinge in the characterof "~
man. {Copyright € 1925 by the New York Times
Company Repninted 1sson ) |
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IV. PROSPECTS

- - . there is more involved 1n ‘agricultural operations’
than the production of incomes and# the lowering of
costs: whot is involved ig a society, the health, hap-
piness, and harmony of man, as well as the beauty of .

hus habitat.

In an article prepared prior to the U.N. World.Food
. Conference in 1974, Barbara Ward ¢ ized the
- world food problem as “‘the challenge of justice™
(1974:25). Our analysis has led us to the same con-
clusion: the world food problem is our own creation,
and solutions are available, if the industrialized na- ,
tions are willing to take sufficient moral responsibil-
ity. Let us summarize the argument we have. de-
veloped, share with you what woald appear to us to
be initial steps toward meeting i iate food

needs, and finally suggest elements of a longer-term

"world food policy.

Although there is considerable uncertainty regard-
ing the nature and extent of the world food problem,
hunger, is a contemporary reality. even within the
United States. By the middle 1970’s, much of the
ability of the world food system to buffer fluctua- *

tionsinfoodprodixcﬁonhadbeénemded._withno ,

immediate prospects for other than
in productivity to match population growth, and
substantial risk of famine in the ,absence of food
stockpiles. North i g increasing im-
portance as a food source for g . depending
for production on technology with substantial
economic, energetic. and resource subsidization.
Viewed from the perspective of the basic structural
requisites of any food supply system, purported ef-.
ficiencies of industri food production and pro-
vision are questionable, -particularly as alternatives
to traditional food supply systems jn developing
areas. Greeil revolution technologies assume the
vulnerabilities of industrialized agriculture without
its institutional features to protect agairnst variabili-
ty, having abandoned traditional means for ceping
‘with risk and uncertainty. The world food system is
created by control over agricultural fnputs and food"
commodities exérted by the industrialized nations.
Commitment-to elements of industrialized agricul-
" ture for food production links a developing nation to
the world food system. and thus to the worfld food
problem. . -
Althongh technological solutions are attractive.

the world food problem is essentially moral or ethi- .

<cal rather than economic or technical in character.
Food resources are inequitably distributed within
and among lations. Changes tn diet in the indus-

trialized areas could immediately reestablisl food

e ¥

Q

E. F. Schumacher (1973:111-1'12)

stockpiles/and in-the longer view free resources for
allocation|to developing areas. Similarly, a decrease
in energy intensity in industrialized agriculture
could i the availability of agricultural inputs
for developing areas. Nevertheless, uncertainties of
petroleum supply suggest caution in adoption of in-
dustrialized agriculture as a prototype for develop-
ing areas. even with “appropriate technologies.” As
Franke (1974:88) has obseryed in: Java: :

The techmolagy advocstes the rate-of-profit
theorists. the military dictators. and the farge land-
owners are attempting to produce enough food for
the people of Java. They are failing. Their optitmstic

. plans and programs have created only increased

" human suffering and promise more, of ,game,
Perhaps solutions will come. not from the’develop-
miént experts. but from the small and land-
less laborers of java.

We find it particularly intniguing thatone pre-
scription for survival of the American indugtriali

" agricultural system, based upon reduction of energy

use, calls for smaller, less energy intensive farms;
farm methods based on biological diversity; legumes
to minimize fertilizer requirements; biological pest
controls; solar crop drying: and windmills for irriga-
tion energy (Clark. 1975). A potential convergence of
industrialized agriculture and.developing tfadi-
tional cultivation systems is apparent.

Thus. sohations to the world food problem depend
upon the willingness of the industrialized world to -

- undergo modest “belt-tightening" in response ® its

own enlightened. moral self-ipterest. Given the need
for population growth to stabilize. with respect to-
resources and food production technologies. this .
belt-tightening may be insufficient to solvé popula- =

tion problems. raising a largér *’chicken and egg” ~
proposition concerning™the primacy of population
growth or development, a topic not considered here.

T Among potential policies to solve immediate

hunger and famine problems ase. these:

(1)‘ A voluntary decrease 1n calorie. protein. and
particularly animal derived food consump-

tion in the industrialized areas;
{2) Couva%fn of substantial feed grain crop-

land to Buman fosds and subsequent estab- . |

, lishment of food stockpiles and distribution
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programs financed by industrialized
economies; and .

(3) The explicit assumption by the politica
leaders and citizens of the industrial nations
of moral responsibility for meeting short-
term world food needs.

In the long run. world food problemfs can only be
addressed. in our view. as part of/a fundamental
reordering of world wealth” Among mechanisms of
direct relevance to food supply are these:

{1) Food rationing in industrialized nations.
with particular emphasis on limiting animal
derived food intake'dependent on' resources
‘capable of preducing human food.

(2) Severe limitation on use of agricultural
chemicals in industrial nations by rationing
or taxation:

(3) Substantial energy taxation in %e indds .
trialized areas. with taxation inversely pro-
portional to reserves of each fuel source and
with small tax rebates to cover true energy
consumption necessities by the poor: and

{4) A formal commitment to development
financing by the industrialized nations. each
of which is assessed proportionally to gross

i‘ P—

i

national product and to Indices of consump-
tion of world resources.

Perhaps most important is a policy that cannot be
legislated. a. policy of moral commitment to equita-
ble. humane solutions to the world food problem.
We must recognize that these solutions will have a
profound impact on ourselves as well as on the
world’s poor. Adjusting to these impacts may be one
of the greatest challenges those accustomed to the
material consamption standards of the indus-
trialized world will face. Nevertheless. 2 cdmmit-
ment must be made. As persuasive and as seemingly’
dispassionate as scientific analysis of the situation
might appear. arguments about solutions to the
world food problem will remain inherently
philosophical. moral. and political. To solve the
wonld food problem. we will pay the necessary price.
if only because triage 1s unconscionable. If
economucs should have any bearing upon our deci-
sion. perhaps we could take comfort that moral ac-
tion will be “cheaper’” while energy supplies are still
relatively plentiful -

1 681 on 2 man’s back. choking him and making him

carrv me. and yet assure myself and others that fam

very sorny for him and wish to ease his lot by any
means possible. except getting off his back {Lec

Tolstoy quoted by Chinton 1976}
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