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THE GREEN REVOLUTION: INCOME DISTRIBUTION'AND NUTRITION 

Uma Lele* 

The Problem 

Over the past few decades, the state of nutrition in the developing 

countries has generally worsened. This has been only partly due to the 

failure of food production to grow rapidly. A more significant explanation 

is that large sections of the population still do not have adequate incomes 

to purchase the daily minimum requirements of food, or to acquire a balanced 

diet. The already large income disparities between economic classes have 

widened over the years so that they are now the center of attention in the 

economic plans and political platforms of most low income countries. The
 

election victories, won on slogans of "down with poverty" in countries as far
 

apart as Chile and India, reflect this problem.
 

The extent to which the goal of improved nutrition can be accomplished
 

must, therefore, depend upon fwo factors: (1) The degree to which the growth
 

rate of food production can be accelerated in the near future and (2) the
 

effectiveness with which the increased food production can be transferred
 

into the hands of the poor people. This latter will first require a broad
 

participation of the low income people in the developmental process, so that
 

they can have the purchasing power necessary to increase their food consump

tion. The increased food production and a better income distribution will
 

of course have to be coupled with various nutritional.programs including
 

This paper was presented at the Western Hemisphere Nutrition Congress III
 

held at Bal Harbour, Florida, August 30 to September 2, 1971. The paper 
was prepared while Dr. Lele was associated with Cornell University. She
 
is now- with the World Pnrik.
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education. Education will serve-to inform poor people about nutrition and to 

eradicate the many institutional barriers that come in the way of improving 

diets. Education, however, can only be effective if the poor have access to 

an adequate supply of food and purchasing power. 

The recent technological breakthroughs in agriculture have not yet had
 

a very substantiol impact on ovcrall foocl production. Numerous difficu2;ti.s 

must be overcome before the ner varieties becom-e ),ore vidcspread and yields 

show a consistent increase. The Green Revolution has, nevertheless, been a 

revolution in the concept of growing food. Thbi revolution in the a-proach 

to agricultural development holds an immnense potential for simultaneou-ly 

solving the problems of food prodi: tion adnd incomc distribution. ne develop-

Inent of this potential of course depe:nds on propcr policies. folloeCd on a 

variety of fronts.
 

The Production 'Jront: 
Performance, Problems and Prospects 

The term 'Green Revolution' originated in the context of the changing
 

agricultural scene in Asia. This is where major technological breakthroughs 

occurred in the.sixties. In order to acquire a broad perspective on the agri

cultural sectors of low income countries, it is instructive to examine the 

impact of the new technologies on Asian agriculture. 

Asia produces nearly 90 percent of the world's rice. Although wheat 

relative to this is much less important, both its production and consumptionl 

are highly concentrated in certain regions. Nearly a third of Asian wheat is 

produced on the Indian subcontinent. The significant spread of new varieties 

of both these cereals allows us to. assess their relative impact on Asia's 

agriculture.
 



3.
 

Table 1 below shows the increase in wheat and rice production at the end 

of the sixties, in several Asian countries, over 1960-64, the period prior to 

the introduction of high yielding varieties. Although weather may explain 

the 	variation in yields to some extent, it is evident that the production of
 

Table 1: Contribution of area and yield to production growth 
of rough rice and w-.heat for solected Asian countries, 

1960-64, 1968-69 and 1969-70 

Annual Production Increase ;Change in production 
Country 1960-64 .968-69 in pro- due to change in 

or '69-q0 duction ArA -Yield 

.	 2 3 4=3/2 .5 6. 
Thousand inetric tons 	 Percent 

Ricc 

Durma 4611 476 13 62 38 
Ceylon~j 
India 

972 
53309 

1348 
6oooo 

. 38 
14 

.. .29 
57" 

. 
" 

.'.71 
43 

Indonesia 1.2686 16200... .28 . 61 :39 
Korea, Rep. of - / 4733 4792 1 N.S. .. 
Mal 
Nepal 

a. 
, 2131 

1035 
2410 

,J .,. 22 
13 

68 
154 

... 32 

Pakistan. 16524 ?0065 .. 21 .. . 55 45 
Philippines 3883 5231 35 - 6 1o6 
Thailand 8994 10895: . 21 65... 35 

Asia 146489.. 168193 .15. . 53 47. 

Wheat 

India 10815 20100 86 43 57
 
Paid stan 4052 6477 59 39 61 

Asia 	 32629 44431 36 31 69 

Data for 1969-70 
2J 1961-64 average 

N.S. Not significant 

Source: 1. RAO Production Yearbook
 
2. 	 Rico Policy Conference: Country Papers, The International Rice 

Research Institute, Los Banos, Philippines, May 9-14, 1971. 
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-wheat has increased considerably more than that of rice. Rice has also shoi-m
 

greater variability in average yield increase. It is, however, a moot question 

as to how much of the increase in rice yields is actually due to new varieties 

aad how much is simply due to the increased use of purchased inputs such as 

fertilizer on traditional varieties. Despite the considerable evidence iw:hich 

emphasizes the iiportance of the latter phenr,.emnon, little systematic reseairch 

has so far been conducted to analyze the various s-ources of production in

crcas. (3). 

The relatively poor performance of rice is due to the problems of envi

ronmental control specific to the cultivation of paddy. These problems, how

ever, illustrate the difficulties encountered in the spread of the new vir'i

eties. The imnense diversity in the physical conditions and cultural practices 

of rice is a major problem, While rice -Isgrown in dry cl.mate and witfh 

assured .water through irrigation Jn West Pal. stin, it - s grown in high rain

fall areas in some regions under deep water conditions in still others, and 

on upland areas elsewhere in Asia. Nunerous rice varieties must thus be 

evolved to meet the problems of water control, photo period sensitivity and
 

insect and pest -control, which vary in each of thes. physical conditions. 

Investment in adequate water control through proper,irrigational systems 

will of course take care of a major environmental constraint. The existing 

irrigational facilities extend only to 20 percent of the total area under rice 

in-Asia. Pach of' the irrigation in Asia is in the form of diversion dam systems. 

Therefore even the irrigated areas suffer from floods and droughts and are 

often unsatisfactory in prov-iding proper water control. Water control e2 so 

affects iepris to fertil.zers and.other cash inputs and thus stronzgy influ



A related environmental problem is posed by the high humidity in rice 

growing regions during the main growing season which increases susceptibility 

to pests'"and insects and affects yields. In the dry season, under similar 

.cuLltivatihg conditions, net return and yields per acre of high yielding rice 

varieties are much greater compared with local varieties. In the wet season,
 

the difference in the net return from new and old varieties is much less 

significant. Since the bulk of' the rice crop is grown in the wet season, 

the overall rice production irll increase only when (1) more acreage is
 

brought under new varieties in the vet season, and/or (2) rice acreage in
 

the dry season is expanded. The former requires the development of varieties
 

that would show. a good response in the wet season. The latter would neces

sitate a substantial expansion of irrigation for use in the dry season (7). 

Despite such initial problems, tlhe biological revolution holds an 

ilmnense potential for achieving a truly dynamic and diversified agriculture.
 

The short duration crop varieties have provided an opportunity for multiple
 

cropping of land. Where once a single crop of rice was grown, two or three
 

short duration crops of rice may now be grown. Such intensification of agri

culture provides opportunities for increased employment and hence a broader
 

income distribution, which in turn would aid in improvement of the nutrition
 

of-the poor people. In many cases, multiple cropping has provided oppor

tunities for shifting from a monoculture to a diversified agriculture. If
 

these opportunities are exploited, a better balance in the food basket will
 

result. It is estimated that in India short duration wheat varieties have
 

released 10 million acres of land for the cultivation of soybeans, a food
 

that is rich in protein and alsb provides an additional supply of edible oil.
 

Efforts are also underway to'develop short duration varieties of pulses, also
 



6
 

a major source of protein.' &hort dumtion grain crops .:ill allow more produc

tion of fruit, vegetables, animal and dairy products. Thus mltiple cropping 

of land would mean not only an increased yield of' caLowies per day flrom an acre 

of' land, but also an opportunity to provide a better balance 'in the diet of 

the people in low income countries. 

No donbt there are a 1mo: t of problc;,s i:hicb muzt be "tacCIcdbcfor-e multi

pie uropping becomes wide.rcad enough to have a sub~tm:.a inpact on, the 

total food production. UbeProper water control is of prime importance. 


type of water control required w.ould depend cn the natu-ce of the crops to be
 

grovn and hence on physical conditions.
 

The nnew varieties may also provide better arn
food throuh inm'rovenerit
 

of the intrinsic value of the 
grid, produced. Plant brecd rs have developed
 
a high protein, high 2ysine maize hich, when iubntitutcd for the traditional
 

varieties, will greatly improve the nutrition of the maize con ,-lers. Similar
 

efforts are inderway in breeding other food grains.
 

Efforts are also underway to produce grains that are more palatable to
 

the cu.ture bound, discriminating consumer in low income countries. Consider

able headway has been made in developing varieties with the quality charac
teristics of tihe traditional varieties as well as high yields of the new 

dwarf varieties.
 

Not the least important contribution of the breakthrougbs in plant breed

ing has been the resulting focus of attention on the factors crucial for in

creasing food production. National resources will have to be centered on 

several key factors such as biological, research, i-ater control, input supply, 

etc. if agricultural production is to increase a great deal more rapidly than
 

population.
 



Distribution: A Case for Economic Policies 

Appropriate policies followed to sustain the momentun in the agricul

tural revolution will fulfill only one of the necessary conditions for the 

improvement of nutrition. The second condition is, of coifrse, better distri

bution of this increased and diversified food supply to the lower income 

classes. 

Income and. Nutrition 

Much apprehension existn among nutritionists about the excessive empha

sis placed by economists on increasing incomes as an automatic way of solving 

the nutrition problem. They contend that such an overemphasis on incomes has 

caused a neglect of nutritional proLgri-,ws and seriously affected allocation of 

resources to these prozrams (1). The overermhasis on incomes, if any, may 

3qrtly spring from a confusion caong economists between the phenomenon of 

undernourismuent and malnourishment. However, it mainj.y arises (a) frcm the 

evidence of hunger and malnourishment, both of which are most widespread 

among lower income groups in the developing countries, and (b) from the
 

neglect of distribution problems in the nutritional plans.
 

Sevbral Latin American countries provide dramatic examples of a statis

tical illusion of high average per capita incomes while large proportions of 

their population live at income levels not adequate to allow consumption of 

minimum required calories. This is particularly disturbing since some of 

these countries have been experiencing a high rate of growth of national 

income, uhile at the same time sho,-Ang a high growth rate of unemployment. 

Statistical evidence is overwhelming in its volume and disturbing in the 

consistency with which it rhows rapidly widening income disparities in much of 

the underdeveloped world (11). Over two-thirds of the agricultural population 

in Latin America, i.e., nearly 70 million people receive an average income 



less than $0.00o00 per person. About 35 million people earn a per capita in
come not more than $50 to $60. Also, according availableto data about one

third of the rural labor force in Latin America is unemployed whi le 2 percent 

of the farm families own half the agricultural land. 

The evidence of positive correlation between levels of income and food
 

con.'Ui1, 114,o,t11.:; :
*,id. prd. 9.1C, Wati.onal Sairle Surveys &bow that :in
 

India in 1960.-61., 
 the poorc1t ,5pe.'cent; 4' the rurcl pupulaLion conPI iLd C:;!,1y 

0.6 lbs. of cereal, per capita per with littleday, elrse of other food,,, wflJe 

the richest 5 p.::r cent of the population consumlried 2 lbb. of cereals a day addcd 
to a substantial amount of other foods (9, 10). Evidence also show.s that the 

popudation that is.protein def:cic nt i.S. o Often .. .'lorie 
whereas a conside "able proportion of the population receives adequante protein) 

it st"2CL is d(S.ficient in caloric cons uapti.on (8, 10).
 

1'1hen a quarter to a third of a 
 country's population does not have enough 

income to purchase adequate calories, two alternatives are open to a low income 

country: massive food distribution programs or increasing employment and in

comes of the poor people.
 

The alternative of massive food distribution is politically infeasiblc 

in low income countries unless food production provides at least marginal
 

surpluses at an aggregative level or unless the countries are centrally con

5rolled. With production shortages, the food market cannot be replaced with 

an effective food procurement system without alienating big farmers who pro

luce the marketable surplus, and upon whose support political systems in most 

Low income countries depend. Tis is why in India for several years in the
 

ixties, the rationing of food 
in the poor crop years had to depend largely 

ipon P, 4.80 wheat .iports (5). 

http:uapti.on
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Nor can most low income countries afford massive commercial food 

chronic balance of payments difficulties. A distriimports, given their 

bution program that continuously dEpends on food aid is unworkable because of 

the political pressure for economic selfsufficiency from within the low income
 

(a) the unreliability ofcountries. This has of course been brought about by 

use of food aid programs for political armfood aid programs and by (b) the 

twisting by major food aid givers in the past. 

The alternative of massive food distribution is also unfeasible because 

of the meager financial, adinistrative and physical resources at the dis

onposal of the low income countries and because of the unlimited demands 

there resources for general (levelopmental programs. To argue otbulrise ould 

be absurd. For, if these countries were capable of organizing riaf;sive food 

distribution programs effectively with their limited resources, .their develop.

mental problems would not have been as overwhelming. It must therefore be 

recognized that, despite justification for these programs, massive physical 

strategy.distribution of food can only be a short term emergency 

That providing more calories to masses through direct food distribution 

programs is neither economically nor politically feasible is strongly evident. 

Nor is there a satisfactory justification yet on nutritional grounds for dis

tributional programs that would alleviate special nutritional problems of the 

masses, such as the protein deficiency. A considerable body of evidence 

exists to challenge the position that the much discussed protein gap could be 

eliminated by introduction of unconventional, high protein foods and omino 

acids and rithout solving the problem of calorie deficiency (8). This, thus, 

reinforces our contention that in the long run income distribution is an 

absolutely essential condition for solving the problem of nutrition in the 

low income countries. 
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ProTect. for.T Dproving Incomes 

Possibilities for a broader distribution of income through technological 

changes are numerous. First, if food production increases, it may become 

available to consutwers at lowe.r pr-iccs, thus increasing their rel incomes. 

The new technologies can also benefit cultivators and agricultural laborers 

directly t rogh "-...T of the 

n.ogies and the new inputs thnt . requi1e dO ot te:Lve restrict their 

application to large fcr;;s. Increcwz-cd labor is required in planting, weeding, 

harvesting, threshing rtar mi,,etiug of the adc.tion.gl gi. Daployrcx:t riay 

also be generated indirectly through a spurt in investment in irrigation as 

.ell as in thci expansion of marketing of nev irri utz ond output. 

Little precine information exists on the cc.tent to whi. Cn.)l.oyI!Cjt Dyid 

ineomes of lower income peoo].e have in fact inci'eaed in the agricultural 

sector with the coming of the new technology, 1io.aeer, considerable body 

of evidence ciiggesjts that due to *olitical and institution.il factors farmers 

with irrigated lands and large farms have benefited the most from the new
 

technologies. This phenomenon is much more strongly evident in Latin America 

than in Asia. The evidence shows that three-quarters of the increase in agri

clxItulral production in Mexico betwe n 1950 and :1960 took place on large farms. 

These farmers have traditionally been.the politically and economically power

ful rural elite who control the developmental agencies. They therefore have 

a free access to the short supply of fertilizers, chemicals and improved seeds. 

This is particulaly so because they control the credit hich is so vital for 

the purchase of new inputs. They also have a better capacity to bear the 

risk of innovation. 

Often,the .grectincrease in emloyment for the cultivation of new vari

aties has been proportionately much less than the increase in output resulting 

http:institution.il
http:adc.tion.gl


from cultivation. Thus although absolute incomes of the agricultural labor

ers and small cultivators have increased somewhat, relative income dispari

ties have increased creating much political tension in rural areas. These 

relative income disparities are sometimes further exacerbiated by indiscrim-
I ." '1 

inate governmental policies that have encouraged mechanization at the cost of 

emp. oymnt,. hgair, the e rJi6,raco in Latin America s'owc rfuch grebter dispar

i tier ts '6,o 1 nAsa 

Despite such apparently vndesirable first round effects of the new 

technologies, '[bfly ;till hold considerable potential for accelerating the 

overall rate of growth of employment in a low income if proper developmental 

policies are Pollowed. 

CaunSe s of Low Enqlloymant Growth -F " 

... Ehployinnt generates income and hence provides purchasiig power for' 

co~pn tion of food. .-Ve slow groi.th of enployment iry'loi'r Iiiome countries 

in the past can rather simplistically but succinctly be attributed to three
 

major. constraints: 1. The food constraint, 2. The Upitl cofittraint and 

.3-. The technological constraintv The green revolution )#ovides opprtW1

ties. for expn=Cing the .employ7ia-nt and- incomes of the poor thrdugh influen'cinL 

.ea h.of -these three: factors;-..-: ' 

The.. Food Constraint 

XZf- food supplies to the industrial sector are not adequate enough to 

meet the rising demoand for food of the ncnily en-loyed labor force, food 

prices rise shorpl)y. Thus without a technological breakthrough in agricul

ture, employmMnt axpoasion is not a feasible goal, It is unfeasible econ

omically becau.se of rising wage costs and politically, because of the urban 

unrest it generates through rapidly rising food prices. But with a 

http:becau.se


technologic.al change in the agricultural uector, the increased marketed supply 

of food may reduce food prices and maintain industrial wages. If the techno

logicaI change benefits '1a.gecultivator:s more than onall ones, thlis may ftu

ther reinforce the effect on pricew aid wages. First, little oT the increased 

food production would be consvmed by cultivatorrs iho are already well-off, 

thw.&., ,.U~ius o: . b toohi±'AoLo-icJ,cJ~ng Y:.rke'tec lJ3 c ytity,if ben.-fits 

We "":o if the real intemne of lco-wr ecne .scztt.... ond., c. 

not increase sub.-tantially in the agricultural sector, it will be possible 

to ",,ithdrw Inbox from the A1ricLturQal Sc.;(r, for tUe eXPOuon off otVi'.' 

sectors at wages lower than would other-rise prevail. For after all, lncome 

in a family (lends not on1ly on the v',wae. rate bt lso on tbc nui bor of' p,,- .(e 

anpl oyed. Both of these factors will maintain low vage costa in the nonagri.. 

ctturrAl nxctors; thus facilitating a more redid increae in erloywent in 

thase sectors. 

However, the extent to which such a potential of nevr techmologies is 

exploited rill depend on what economic policies are followed by the govern

ments of low income countries. If increased agricultural production only 

replaces food aid imports, no significant improvement in income may result. 

Xf incroanod proe'lction i" exported or c",,:oi 0.A iI,.rt, roduced ant t.e ro*

multing foreign exchange used for imp2orts of conspicuous contunption items, 

again no significan. iprovement in the economic well-being of the Mrnar,,s can 

occur. This is particularly noticeable in p.everal Latin American countries. 

If' the foreign c,xchange earned is used for the import of capital goodu, em

ployment expansion is determined by the type of industrial investment and 

the nature of technology used in the inveF.ts~rnt, 

http:technologic.al
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The Capital Constraint
 

Labor must be combined with capital to start a production process. 

Capital formation in lo' 'income countries has been 'lowfor several reasons. 

First, the mass of the population earns incomes to6 low to be taxed for pro

ducing capital. Second, due io the political power of the rural-elite, taxes 

on their incomes have been unjustifiably lovi." In India, urban upper income
 

groups pay three times as much in taxes as their rural counterparts. This
 

situation appears muchi worse in much of Latin America.
 

Third, the industrialization policies do not channel small savings of 

the rural elite through 'market forces into productive investment activities,
 

such as into the expansion of, mall scale industries. Often the emphasis has 

been on the development of large public seor industries, while numerous
 

encumibrances in the form of industrial and import licensing and availability 

of credit discouraged development of the smaJ.i scale industry.
 

Fourth, a further transfer of saviiigs away and into the hands of the 

rural elite hac; been taking place in many a low inbome country due to high
 

support prices of agricultural commodities, maintained through political
 

pressure of the rural interest groups. •
 

Only a reversal of these fiscal *aid indttrialization policies -combined 

with the gieen revolution will increase capital formation and thus expand 

employment and: purchasing powee of the poor. The tremendous potential pro

vided by the new agricultural technologies for a broader based and more rapid 

economic growth will otherivrse be dissipated. 

The Technological Constraint
 

The policies which are outlined above have often been further reinforced 

by a highly unequal income distribution. For example, in the Latin American 



countries goods are produced mostly for the consumption of the rich. Thus, 

a capital intensive, low labor using industrial structure has evolved. Such 

industrial exj?ovsion perpetuates the cycle of' low eimloy-nent and low incomes 

"';forthe poor, hence low demand for labor intensive products and a low growth 

of employment.
 

Many developing counries present another iwilustricl structure which is 

quite different. It is low labor using and dominated by heav)y industry, such 

as iron, steel and fertilizer. This tyrpe of industrial structure has been a 

result of the low level of exports and consequent foreign exchange shortages 

:,which have forced these low income countries to reduce imports and produce 

tapitoJ. goods doinestically. 

A consequence of both these industrial structures, althoi.7rh serving dia

metrically different types of demands, is a low growth of c>C1oyxen. The 

green revolution may help increase ei: ployment in either of these situations. 

First, through a more equitable income distribution, it woul-d generate demand 

for goods consumed by poorer people. Because these goods generally tend to 

be more labor using, additional employment may be created. Second, through
 

releasing the foreign exchange restraint, the green revolution may help in

crease tre lunport of 'capital goods and hence the deveJ opmcnt of more lc.bor.

using industries. The low income countries have a comparative advantage in
 

the export of such goods. Expansion of exports %ill further help the growth 

of employment (6). 

Selective Nutrition Programs: 
Improving the Quality of' Diet 

Raising incomos will help solve the problem of undernutrition but may
 

only partially solve the problem of'malnourishmcnt. Malnutrition, unlike
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undernutrition, is a problem that often plagues both the high and the low
 

income classes. The problem of malnutrition cannot be solved effectively for
 

those income groups which are already undernourished. However, diets in low 

income countries vary not only by income classes but also by production ros

sibilities, social classes, religiouc beliefs, and customs and taboos. The 

first tusk must be to evaluate specitL nutritional deficiencies in these 

various types of populations be.fore any satisfactory way can be found to 

improve the quality of their diet. 

Education is the next obvious step. Providing people with adequate 

information regarding their nutritional requirements and regarding the possi

ble sources of these nutrients will do a great deal to iTprove the diet of 

the higher income classes. For poorer people, just the hnowledge of nutri

tion will not be enough since often inost prevalent protein and mineral-rich 

foods are expensive and hence beyond their reach. . ile improving income 

should be one strategy, reducing cost of these nutrients must be another. 

This is where the green revolution has an iimense potential for providing a 

two-pronged attack by improvii* incomes and by providing cheaper and more 

varied food.
 

Many of the added nutrients could also be provided at a very low cost 

.through food additives. A 5 percent addition of soy flour to bread or a
 

bread-making flour can greatly enhance its nutritive value. Lysine added to 

wheat flour greatly adds to its protein quality at very low cost. Similarly, 

vitamin D added to milk and bread improves their quality at little cost. 

Adding iodine to salt is a low cost way of arresting the incidence of goiter.
 

However, all these fortification programs will be effective only when poorer
 

people can be reached through a distributional system. Currently, a vast 



majority of the nutritionally deprived population grows most of its own food 

for domestic consumption and relies little on the market system. Fortifica

tion programs such as the ones mentioned above, therefore, cannot reach: those 

sections of' the population which most need them. ,' 

E ,en among the poor, unborn bobies ad. preschool children need the most 

urgent attention. Because of poor diets they often suffer from inadequate 

physicol and/ogr m.ntal growti, and va-e -Lsceptible to numerous diseases. -,-id 

high mortality rates. The payoff of improving their nutrition is deveJlopnent 

of physically and mentally healthy citizens. T-hi payoff cannot always be 

gauged easily by narrow economic and political yardsticks. A case for giving 

the highest priority to their nutr-tion if; cu:Ly urc',I:',A1a give i he 

very limited resources for nutrition progra'is at the diposal of the develop

ine countries. 

Concluding Remarks'
 

In the preceding pages we argued that increased food production and more 

equal.income distribution are both necessary conditions for improving diets 

in low.income countries. W'e oxamined the ) robl.ems of increasing food pro

duction. We emphasized the great potential that is provided by the techno

logical breakthrough (1).for producing a larger andmore balanced food bas

ket, and (2) for in~uring its equitable distribution. 'We made a strong plea 

for following an economic program that .ill exploit the new technologies in 

a way which encourages broader participation of poor people in the develop

mental process. Further, we made a case for selective nutritional progrwns, 

such as education, fortification, and child and mother feeding* as ways of 

improving the quality of diet.
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