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A PARTIAL SOLUTION TO THE PROBLEM OF PROTEIN MALNUTRITION

By Robert A. Luse

Plant Protein
Improvement
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population - the so-called vulnerable groups - have
a greater need for protein than average, and in many
cases less chance to obtain it. These groups are
young children between the ages of six months (or
after weaning) and five years, pregnant women, and
nursing mothers. Babies, even of malnourished
mothers, receive an adequate supply of protein in
their mothers' milk, but after weaning they may be
fed thin cereal gruels and small portions of what the
other family members eat. As a result of poor protein
supply during his period of rapid body development
and resultant high protein demand, the young child
shows the symptoms of protein malnutrition. In se
vere cases, there occurs the condition known as
kwashiorkor, where the child has little appetite and
fails to gain weight. Vomiting and diarrhea are com
mon and the condition is frequently accompanied by
gastrointestinal infections. The body and limbs may
swell and there may be skin disorders and patchy
bleaching of the hair. Children suffering from
advanced kwashiorkor die if they do not receive pro
per medical treatment. Even those suffering from
mild kwashiorkor are liable to disease and may fail
to attain normal physical and mental development.

It may be safely said that the alleviation of protein
malnutrition is one of the most serious problems fac
ing the less developed countries at the present time.
On the basis of current trends, predictions about fu
ture protein supplies for most parts of the developing
world continue to be pessimistic. Yet there remains
the possibility of improving the quantity and quality
of protein in crop plants as dramatically as grain
yield has been raised in the much heralded "Green
Revolution". The evolution (not revolution) of such
protein improvement would be of inestimable value
to the nutritional well-being of people everywhere.

The Significance of Plant Protein
in the World Diet

Plant sources, particularly the cereals, supply for a
majority of the world 's population two-thirds or
more of their total protein intake. In the less devel-

Introduction

The recent crisis in the U.S. soybean markets and the
world outcry which resulted serve to underscore the
importance of plant protein to the livestock industry
in the developed countries. More important, how
ever, is the daily consumption of plants and plant
products as a source of protein by untold millions of
people who have no money to buy expensive animal
protein. These millions of people, living a precarious
existence on small farms or in overcrowded cities,
seldom rate newspaper headlines. Yet by their num
bers these citizens of the Third World form one of the
most pressing of the world's problems - the problem
of how to provide adequate protein for all people.

The nutritional value of any food is more than just
the sum of the energy units (calories) which it con
tains. Nutritional value also is based on the content
of those compounds necessary for building and main
taining the ' ody, compounds such as vitamins, min
erals and amino acids. Since animals and human
beings cannot synthesize certain amino acids in their
bodies, they depend on other sources, primarily
plants, for these essential amino acids to provide the
building blocks for protein systhesis. It is obvious
that when a person is unable to get enough food to
satisfy his hunger, he suffers from inadequate supply
of both calories and essential amino acids. This is the
very serious problem of protein-calorie undernour
ishment, of which fearful examples are found cur
rently in the drought-stricken areas of Africa and
which occurs continually among the very poor
classes in many countries. Here are seen the grim
symptoms of semi-starvation or marasmus: wasted
limbs, emaciated body, and wizened features. There
is little hope for life unless medical treatment and
adequate food are provided. Yet even people who get
enough to fill their stomachs may suffer from the
equally serious problem of protein malnutrition 
lack of adequate protein and amino acids. Nutri
tionists generally agree that the average person
needs approximately 50-80 grams of protein per day
to meet his minimum requirement for growth, main
tenance of body functions, resistance to disease, and
normal work. But certain groups within the general
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oped countries especially, plants represent the chief,
and at times the only, dietary staple. As a result,
plant protein is very nearly the only protein con
sumed . For example cereals occupy a dominant posi
tion in Indian diets, providing about 80 per cent of
the total calories, 70 per cent of the protein, and 25
per cent of the fat (1967 survey). In other nutritional
surveys taken the same year, it was found that the
mean daily intake per person of protein in India was
60 to 65 grams, 90 per cent of which were furnished
by cereals. But averaged data such as these mask the
fact that there are wide differences in the protein
supply available to individual members of the popu
lation, differences which depend on such factors as
economic status, social class, even position within the
family. The poor person living in the city slum or
rural hovel, the middle child among several in a
lower middle class family - all may have far less
access to protein, especially expensive meat and milk
protein, than the general data indicate.

What can be done to improve the protein supply
for such people, so as to avoid the scourge of protein
malnutrition? Various solutions to the problem of
inadequate levels of protein and/or essential amino
acids in the diet of the poor and of the vulnerable
groups in less developed countries have been pro
posed. These proposals generally rely on supplemen
ting the diet directly by protein derived from fish,
from oil-seed meal such as cotton or soya, from
leaves, or even from microbial cells growing on pe
troleum by-products. Alternatively, those essential
amino acids particularly lacking in the diet (for ex
ample lysine) have been added to food products such
as bread, to enrich the diet. Such approaches to im
prove the diet through processed supplements are
made complicated, and frequently impractical, by
the fact that they involve three factors not usually pre
sent in a developing country:

(1) major capital investment for food processing
plants and distribution outlets,

(2) a transport and marketing system to support cen
tral processing and subsequent distribution, and

(3) a willingness on the part of the consumer to ac
cept new foods which represent a change in dietary
habit.

In a rural area where people live a hand-to-mouth
existence, producing what they eat and eating nearly
only what they produce, the rules of marketing eco
nomics do not apply. A non-commercial, government
supported "free food" program must be set up if pro
cessed supplements are even to be considered.

Another approach for solving the problem of pro
tein malnutrition does exist, however, and it is po
tentially more feasible from an economic and social
point of view. This approach is that of developing
crop varieties having improved protein by which is
meant either higher protein content or higher con-
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tent of certain essential amino acids which normally
limit the nutritional value of the crop, or both. By
means of such in situ improvement in the nutritive
value of the grains and legumes normally eaten by
the people in less developed countries, an immediate
improvement in their diet would occur, without re
course to food processing factories, food distribution
networks, and changes in eating pattern. The farmer
and his family who rely on a small plot of land for
theirfood would particularly benefit from such an im
provement in the protein value of their crop.

Such improvement of plant protein does not re
present merely a small local increase in the protein
supply, however. The nearly 1000 million tons of cer
eals and grain legumes grown in the world each year
represent over 130 million tons of protein. Even an
average increase by two percent in their protein con
tent, or in the protein utilization associated with bet
ter amino acid balance, would represent 26 million
tons of additional protein for the world's food supply.
This is more than the present world production of
protein from all livestock and fisheries sources!

Genetic Improvement of Plant Protein

In 1964 American researchers at Purdue University
announced the discovery of a mutant gene in maize
which profoundly changed the amino acid composi
tion of the endosperm protein so that its nutritive
value was greatly increased. Since the mutated
maize kernel differed from normal kernels by having
a dull, opaque appearance, the mutation was termed
opaque-2. This mutation and a second mutant re
ported by the same workers in 1965 (floury-2) have
given a strong stimulus to the idea of genetically im
proving the nutritional value of major food crops.
The remarkable discovery made by Drs. Nelson,
Mertz, and Bates laid to rest the old concept that
maize was primarily a producer of starch and only
secondarily a producer of protein of low biological
value. As a result, maize is able to take its place as a
high quality food source, promising greater weight
gains when used in livestock feeding and the reduc
tion or elimination of protein malnutrition in those
populations, for example the Indians of Central
America, where maize is the chief source of food.

Actually, both the mutations opaque-2 and floury-2
had been known since the 1920's, when genetic stu
dies had shown that the opaque-2 mutation is inheri
ted as a simple Mendelian recessive, while floury-2
is semi-dominant. The opaque-2 gene is located on
the seventh maize chromosome, the floury-2 gene is
on the fourth chromosome. Although these facts were
known, it remained for the Purdue research team,
using new methods of chemical analysis, to uncover
that the amino acid composition of the proteins in
opaque-2 and floury-2 kernels is vastly superior to
that of normal maize. While both opaque-2 and
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floury-2 are commonly referred to as "high lysine"
maize, not- only lysine, but also the amino acids try
ptophan, histidine, arginine, aspartic acid, and gly
cine are increased. For the nutrition of monogastric
animals, the increase in tryptophan is probably as
important as the increase in lysine, as both of these
amino acids limit the nutritional value of maize. The
enhancement of methionine content in the floury-2
mutant is of value when the diet consists of maize
and legumes, since then methionine tends to be the
first limiting amino acid.

What is the mechanism by which the genes
opaque-2 and floury-2 have effected such changes in
the amino acid composition of the maize kernel?
Considerable research has been done in this field and
it now seems clear that it is not the synthesis of the
amino acids themselves that is changed so much as it
is the synthesis of the storage protein in the seed en
dosperm. By shifting the pattern of synthesis away
from lysine-poor proteins such as the prolamins and
towards lysine-rich proteins such as the albumins
and globulins, there is a resultant change in the
amino acid composition of the collection of proteins
stored in the seed. While there is no significant in
crease in the protein content of the opaque-2 or
floury-2 seed, there is such an improved balance of
amino acids that young rats and swine have grown
about 3.5 times as rapidly when fed on opaque-2
maize as when fed on ordinary maize. The enhanced
nutritional value of opaque-2 maize when used in the
diet of young children has been demonstrated in ex
periments carried out in Central and South America.
The protein in opaque-2 maize had approximately
the same nutritive value as the protein in skim milk!

This dramatic increase in nutritional value in
maize due to the incorporation of the genes opaque-2
and floury-2 has led to a search in other cereals for
genes that result in higher protein content and/or
better amino acid balance. In Nebraska there are
being developed new high protein wheat varieties
with protein content over 18%, as compared with the
normal 14%, and without losses in grain yield per
area. These high-protein lines have an amino acid
composition similar to low-protein lines with respect
to lysine, methionine, and threonine, the three most
limiting amino acids in wheat, so that the higher pro
tein content means a gain in the amount of these
essential amino acids in the grain. In 1968 Swedish
plant breeders discovered a barley variety having
high lysine content in combination with high protein
content and thus called it "Hiproly". This variety had
a 30% increase in lysine as a component of the protein,
together With an increase in protein content of nearly
50% compared with commonly grown barley varie
ties. Nutritional value was enhanced by about 20%.
Unfortunately, the yield of Hiproly is low; still its
high lysine genes have provided a means, through
crossing, of transferring improved nutritional charac-

ter into higher yielding varieties. In like manner, a
program carried out at Purdue University to screen
sorghum varieties for high protein and high lysine
has resulted in the identification of genes which are
laying the groundwork for the improved nutritional
quality of this important crop in the future.

All the [above] genes for high protein or improved
amino acid composition were found by screening
large collections of individual plant strains or varie
ties. Identifying high lysine in maize was extremely
simple after it was first found that the high lysine
was associated with a visible character so that thou
sands of maize kernels could be checked by eye. Gen
erally , however, the high protein or high lysine
characters are not related exactly to any visible char
acter of the grain or parent plant. Therefore the search
for these genes must rely on chemical analyses,
which can be time consuming and expensive. As an
example, the screening program for high protein
sorghum involved over 6000 varieties, required near
ly three years, and cost hundreds of thousands of
dollars.

Such variations in protein or amino acid content
(or for any other plant character) arise through spon
taneous mutations in nature which may accrue dur
ing long periods of time and so gradually change the
nature of a plant species. There is generally a selec
tion pressure against most naturally occurring muta
tions, due to environmental stresses such as low tem
peratures, inadequate soil, moisture, diseases and
pests, to genetic factors such as partial sterility, or
even to man himself, who has been consciously or
unconsciously selecting the cereal grains (maize,
wheat, rice) for the last 9000 years. Occasionally,
however, spontaneous mutations arise which are fa
vorable for the plant (such as disease resistance) or
for man (high grain yield, high protein content), and
these provide the new gene pools which are the basis
of most plant breeding programs today.

Conventional plant breeding relies on the produc
tion in nature of such new gene combination for its
sources of genetic diversity, by which to break
restrictions on such desirable plant characters
as yield, protein content, and disease resistance. Dr.
N. E. Borlaug, wheat breeder at the International
Centerfor Wheat and Maize Improvement in Mexico
(and 1971 Nobel Peace Prize winner) has pointed out
that to make real gains in plant breeding, it ~ill be
necessary to make crosses between genetically dis
tinct parents so as to reach maximum levels of
heterosis ("plant vigor") and yield. In addition, he
emphasizes the need for new crop hybrids, as in
wheat, developed from widely divergent parental
types, which will raise the level of the genetic plateau.

Considerable emphasis is now being given to gene
tic improvement of plants by breeding (long a science
out of the limelight), especially at the international
centers for agricultural research. The Mexico center,
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established by the Rockefeller Foundation in 1946,
has been joined by other centers in the Philippines
(for rice), in Colombia (for crops of the highland tro
pics), in Nigeria (for crops of the humid tropics), in
Peru (for potatoes) and, most recently, in India (for
crops in semi-arid lands). This network of inter
national centers is now financially supported by
many national governments (for example through
the U.S. Agency for International Development), as
well as by the Ford and Rockefeller Foundations.
Each international center has large field-oriented
programs directed to the improvement of various
crops of importance to less developed countries.
There is considerable effort made to take new im
proved varieties out of the experimental plot and in
to the farmers field. This is done by "outreach" pro
grams in other countries and in working cooperative
ly with national crops breeding stations.

The Need for Modern Technology in
Selecting for Better Plant Protein

In the past, most new cereal varieties have been se
lected on the basis of superior characters which con
tribute to grain yield, such as short stiff straw (which
minimizes losses due to lodging) or earliness (which
permits harvest before frosts or monsoons or else
multiple crops per year). It is only recently that in
terest has turned to selection for high protein content
or nutritional quality. However, new methods must
be developed to assist the plant breeder in his task of
selecting high protein lines, high lysine lines, and
even high tryptophan-methionine-cystine lines, from
the thousands of individual plant lines which may be
generated in a large breeding program. There is a par
ticular need for an analytical technique that would
permit the rapid, simple, and inexpensive determin
ation of the content of essential amino acids in the
plant seed - preferably in a manner which would
not prevent the seed from later being germinated
and grown into a plant, to propagate favorable pro
tein characters. At the present time, the chemist can
determine the content of all amino acids in the seed
by column chromatography, but each analysis
requires approximately three hours and the seed is
completely destroyed in hot acid. Alternatively, there
are a number of simple indicative tests which rely on
color reactions but they either are indicative for only
a single amino acid, give semi-quantitative results,
or require considerable time and attention of a tech
nician . A few plant breeding laboratories which
have chemists as part of their research team are ex
ploring other techniques, with the aim of determin
ing quantitatively the content of those two or three
amino acids limiting the nutritive value of a seed.
They use as test material only a small part of the seed
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endosperm, so that the embryo remains intact and
able to germinate. The goal is an automated techni
que, not requiring the full-time attention of an oper
ator and capable of handling several hundred sam
ples each day. Various approaches to the analytical
problem are being taken; a number are being tried
out in the author's laboratories at the International
Institute of Tropical Agricu Iture. Other work is being
done in Europe under the impetus of an international
program sponsored by the International Atomic
Energy Agency and funded in large part by the Fed
eral Republic of Germany. This program, started
while the author was with the Agency in Vienna, is
primarily oriented to nuclear techniques (i.e., those
based on radioisotopes or ionizing radiation), since
these are sensitive to very small amounts of amino
acids and lend themselves to automatic counting
equipment and/ or computer-controlled analyzers.

The availability of new techniques to mass screen
for high protein and nutritive value will not eliminate
the need for the plant breeder to continue careful
selection for other favorable plant characters such
as high yield, positive fertilizer response, earliness,
and disease resistance. Further, it must be re
membered that these activities of the plant breeder
are but a part of agricultural production . Other fac
tors in addition to good seed, such as water, fertili
zers, herbicides and pesticides, must be available for
maximum production of high quality crops. Indeed,
it is now beginning to be recognized that modern
methods of agriculture, when applied in less devel
oped countries, must include not only these factors
of crop production, but also related factors such as
storage facilities, transportation and marketing sys
tems. National governments must be committed to a
policy of price support for quality, not just total yield ,
so that the farmer who brings improved high protein
cereals to the market is rewarded for his contribution
to better nutrition.

The need forthe application of modern technology
to all levels of the agricultural industry - and it is by
far the largest industry in the world - is particularly
critical in less developed countries. National re
sources allocated for farm-level research are still
pitifully small , especially in less developed countries.
In Lation America, only 10-20 cents per farmer are
spent on agricultural research, as compared to $5 in
Western Europe and $46 in the United States. Since
local resources are so meager in just those areas of
greatest need, the international centers and agencies
as well as national bilateral and 'mu Itilateral aid pro
grams can play an especially important role in sup
porting agriculturally-oriented research and techno
logy. The improvement of plant protein quality as
one of the main goals in such research should not be
overlooked. The millions of children suffering from
protein malnutrition serve as mute proof of its need.
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The Potential

of the Green Revolution
for Peru

By Stillman Bradfield

The present agricultural situation in Peru requires
the fullest possible exploitation of the potential of
the recent developments known as the " Green Revo
lution". This revolution has seen plant breeders de
veloping new varieties which grow faster, are dis
ease resistant, and often are more nutritious than
older varieties ; animal breeders developing new
strains to thrive in different climates; agronomists
learning how to manage soils in different parts of the
world . Already new varieties of "miracle rice" have
been introduced to Peru and a special center for the
study of potatoes has been established, but there is
much remain ing to be done. (1)

Although Peru does not appear to have a serious
population problem, when one considers that in 1970
there were 5.7 people per cultivated hectare (2), Peru
in fact has a very high population density. It only ap
pears not to be densely populated since so much of
the land is not settled because it is either too dry, too
steep, too high, or lies beyond access in the jungle.
Peru chronically suffers from a high infant mortality
rate and malnutrition ; and, despite a sizeable propor
tion of its working population in agriculture, approx
imately one quarter of its food supply is imported.
Aggravating this situation is one of the highest rates
of population growth in the world.

Fortunately, work carried out over the past seven
years at the International Rice Research Institute in
the Philippines indicates that it is now possible to
put together the various technological advances as a
complete package. These techniques can then be
utilized by peasant farmers on small plots of land in
the tropics to produce much more food per acre than
can the best commercial farmers in the United
States. In the northern part of the United States, a

good farmer can get from two to four tons of grain
per acre, depending on the crop; yields in the experi
mental fields at the Institute have averaged more
than thirteen tons of food per acre. Technicians from
many countries have been trained at the Institute
and are now applying these techniques in their own
countries.

The Multiple Cropping System
The new technology, called "multiple cropping", is
really a combination of the oldest, most primitive
horticulture practice of growing several species of
plants in the same field at the same time with many
separate new developments. The basic philosophy
behind the experiments is that the tropics have the
greatest amount of solar energy, and if this is fully
utilized with good water control and soil manage
ment, it should be possible to raise four or five crops
per year on a plot of ground instead of the one or two
now being grown. By utilizing the new short-season
varieties of crops, and planting a second crop before
the first is harvested, the farmer can keep the soil
fully utilized year-around.

One of the myths held by many farmers through
out the world is that the soil is like man in that it re
quires a period of rest and recuperation before it can
go on producing. Seven years of continuous multiple
cropping without any evidence of soil depletion indi
cates that soil is more analogous to the machine.
That is, if it is properly cared for, and nutrients used
by one crop are promptly restored by fertilization,
the soil can continue to produce well indefinitely.
Similarly, in those parts of the world able to employ
this technology, farmers will have to change their
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concepts about the seasonality of their work. All
times of the year are times of planting, cultivation
and harvesting, and the farmer's work patterns will
come to resemble those of the urban worker at his
year-around job.

Some Possibilities in Peru
Peru can utilize multiple cropping in some areas of
all three of its major geographic regions. On the
coast, there are some year-around flowing rivers
that are presently underutilized. For example, it is
estimated that the Santa River empties about 90 per
cent of its water into the ocean. This is an enormous
waste of nature's gifts to the region since it means
not only that the productive potential of the water is
lost, but also that the potential of the solar energy
and soil is lost as well. Land lies idle, and people are
underemployed in agriculture in the region. Econo
mic maximization requires that all factors of produc
tion be fully utilized up to the maximum capacity of
the most limiting factor which, on the coast, is water.
As there is no problem with frost, multiple cropping
permits year-around agriculture up to the limits of the
water supply.

In the sierra, the possibilities for multiple cropping
are more limited as irrigation is not always possible
and there are problems of frost. But in the well
irrigated, lower parts of many valleys, multiple crop
ping can be used. In the long run, the jungle region
presents the greatest potential for large-volume pro
duction as it is the region with the most abundant
basic resources of water, solar energy, and land.
When this area becomes more accessible by road,
and agricultural land becomes cleared and available,
multiple cropping will become important there also
if the land is assigned on a small-lot basis. However,
since this region is currently lightly populated, it may
well be that a more mechanized system of relay crop
ping would make the most of the scarcity of labor
for production. Relay cropping is simply the planting
of one crop after the other without interplanting.
Two or three crops per year are possible with this
technique if the crops are well planned to take ad
vantage of the potentials of the different seasons of
the year. For example, in the Yurimaguas region, the
better farmers are now getting two crops of rice per
year, and could probably manage one other short
season crop during the dry season. In the future, it
seems likely that crops which use a lot of water, such
as sugar cane and rice, will be raised mainly in the
jungle area. There the relative abundance of land
and water and the relative scarcity of labor will per
mit large-scale modern operations.

Generally speaking, new ideas should be tried out
first where there is the greatest chance of their hav
ing quick success. The coastal region presents the
best combination of resources for initiating multiple
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cropping. With total dependence on irrigation, ther
are no problems of drainage. With relatively good
transportation, the problems of getting the right sup
plies to the right places on time and of marketing the
produce should be easier. Since most of the cities
are on the coast, the best markets are close at hand.

The Basic Concepts in Multiple Cropping
A basic assumption of multiple cropping is that the
typical small farmer in the tropics would have from
one to three hectares of land for cultivation, and
therefore, a labor-intensive technology is appro
priate. The challenge is to make small-scale farming
yield not only a good living for the farmer, but also a
surplus to meet the nation's need for food.

In order to gain extra time for growing crops, inter
planting is done whenever possible. In Figure I a
bove, the first crop, planted at time 0, will need about
a week to germinate, then a period of two to three
weeks of slow growth (as indicated by section OA of
the curve). Then comes the period of rapid growth,
followed by a tapering off as the plant comes to ma
turity. When this latter period of slow-down begins,
a second crop is interplanted either between the rows
of the first or between the plants, depending on the
crops involved. The second crop can germinate and
begin its growth without much competition with the
first. At time C, crop 1 is harvested and crop 2 is free
of competition and ready for its period of fastest
growth. By overlapping the growth curves of several
crops, it is possible to gain up to 85 additional days
of growing time per year, depending on the crops in
volved in the sequence. So, instead of raising food
365 days a year, the farmer is actually raising food
for as many as 450 days per calendar year.

Crops must be selected with care to make sure that
they will be compatible in the interplanting se
quence. The crops selected must also be suitable for
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the differing amounts of water available in various
seasons. Similarly, crops should have a variety of
growing times to fit into different times available
throughout the year even though the general princi
ple is to select the fastest-growing varieties of each
crop. The demands of the market and the needs of
the family diet are additional factors to be taken into
account.

If the best commercial farmers need heavy levels
of fertilization to maximize yields on one crop per
year in the temperate zone, it stands to reason that
farmers in the tropics using multiple cropping will
have to apply about five times as much fertilizer dur
ing the year to get five good crops without depleting
the soil. They will have to watch for pests and be
ready to apply pesticides. Irrigation and drainage
also constitute year-around considerations for the
farmer of the tropics.

By dividing his land into small strips and keeping
a variety of plants growing at all times, the farmer
will find that, to take advantage of the productive
power of the soil, sun, and water to grow plants, he
will have to keep fully employed. Multiple cropping
thus avoids what was previously accepted by econo
mists as an unavoidable waste of manpower.

Considering the small amount of land involved and
the poverty of the farmer at present, is it really feasible
to mechanize part of his work? It has been found
that a small garden tractor along with hand spray
ers, planters, and similar tools constitute the opti
mum use of machinery. The justification for this
mechanization is that although the farmer is work
ing only two hectares, by producing five crops per
year he is farming the equivalent of ten hectares of
single-crop farming. Larger tractors are not possible
because of the interplanting system. Moreover, there

is no need for larger machinery since, after the initial
plowing and preparation of the land, the continuous
use of the land eliminates the need for further plow
ing. A small, light machine for cultivating is all that
is needed.

The system described below is one developed at
the International Rice Research Institute for mon
soon Asia. Given both the heavy rainy season and the
demand for rice, all rotations begin with rice. Each
hectare is divided into four fields with different ro
tations following the rice crop. In Figure II, the crop
ping sequence for each field within the one-hectare
block is shown. The simplest rotation is shown in
field #4, where sorghum is planted after the rice is
harvested. Three crops of sorghum are harvested
from the same root stock before it is time to plant
rice again. Note that this rotation is really relay crop
ping, rather than interplanting. Rice is directly seed
ed rather than raised in a seed bed and transplanted
by hand later, as this avoids a great deal of hard la
bor with no real sacrifice in yields. In the other rota
tions, the sweet potato vines have to be taken off be
fore the next crop is planted, since they spread out
and cover the entire field. There are several advan- .
tages to growing a given crop at different times of
the year: the farm family is provided with a varied
diet and a constant supply of fresh food; some crops
can be stored long periods and others, such as soy
beans and corn , can be eaten as fresh vegetables or
dried for storage; a safety factor is provided in the
event of loss due to climatic changes, pests, or un
favorable market situations.

Table I below documents the results of one of
the rotations shown. By interplanting when
ever possible, the total number of crop-growing days
during the calendar year was raised to 445. The till-

FIG URE /I ANNUAL SEQUENCE OF CROPS ON EACH FIELD

DATE OF PLANTING :

DATE OF HARVESTING:

Ju JI Au 0 N D Ja M Ap May In

BLOCK A I I I
FIELD NO.

RICE-'

SW. POTATO

RICE-'

SW. POTATO

RICE-'

RICE-' SORGHUM -2 RICE-2

SORGHUM-' SORGHUM - 3

BLOCK B (ONE HECTARE) IS AN EXACT DUPLICATE OF BLOCK A (ONE HECTARE)
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TABLE I TYPICAL CROPPING CALENDAR

DATE O f NO. Of TILI.AGE O PERATI G AV. YIELDS TON/ H ECTARE 1972 GROSS INCO ME
CROP PLA TI NG HARVEST DAYS SKETCH ES CRO P BY-PRODUCT PR ICE PE R HECTARE

1. Rice June l Sepl.30 120 ~ 5.00 5.00 $ 91 .95/ Tol1 $ 535.63

2. Sw. Po lalO 5ep. 1 Dec. 24 114 ~ 25.00 20.00 $ 45.97/ To l1 $1 .149.42

3. 50ybea l1 (Dry) Dec. 27 Ma f. 17 85 ~ 2.50 $114.94/ Tol1 $ 2B7.35

4. Sw. Corn Mar . 1 MayS 60 ~ 40 .000 ears 15.00 $ 13.79/ To l1 $ 919.54

5. Soybeans May 1 July 60 ~ 6.000 KG . 6.00 $137.93/ Tol1 $ 827.58
(Vegetablel IG reen Podsl

Total 445 TOTA L $3 .719.54

age operations sketches show how the soil is shifted
back and forth in the field by making ridges for one
crop and troughs for another. The prices for the
crops (with the exception of soybeans) are those paid
to farmers in the field in the Santa Valley in 1972.
Agronomists from the Ministry of Agriculture esti
mated the value of the soybean crop. The price for
corn is that per ear (checlo) of maize rather than
sweet corn, since sweet corn is not raised in Peru on
any significant scale. Notice that no value has been
ass igned to forage by-products and cull sweet pota
toes which are fed to animals, nor to the animals
produced, nor to the fertilizer value of animal man
ure. With a two-hectare farm, 90 tons of forage,
which is also harvested throughout the year, can sup
port a significant animal project. Thus, although the
income figures appear to be fantastically high, they
really understate the value of total production. For, if
one considers only the value of the crop production
at current Peruvian prices, a man with a two-hectare
farm could earn a gross income of $7,439.08 per year,
or $620.69 per month.

Advantages of Multiple Cropping to Farmers
From the viewpoint of the farm family, multiple
cropping presents a number of advantages over cur
rent agricultural practices. The very high income no
ted above is only one of these. Other advantages in
clude maximizing the production-potential of the
farmer and the resources at his disposal throughout
the year to generate a steady flow of fresh food to his
table, forage for his animals, and cash income. By
using such nutritious crops as soy beans and the new
high protein opaque-2 maize, the diet of his family
is greatl y improved. By diversifying his production
throughout the year, the farmer protects himself
against disastrous changes in climatic conditions,
pests, or unfavorable market situations. What the
family cannot eat and the market cannot absorb at
reasonable prices can be fed to animals. The farmer
thus has options and is not completely at the mercy
of market forces for a single product at one market
period per year. Because he can raise five crops per
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year on two hectares, he is really farming the equi
valent of ten hectares of monocrop agriculture - a
fact which helps counter-balance the scarcity of irri
gated land on the coast.

Advantages ForThe Nation
The advantages of multiple cropping to the nation
are also numerous and important. When this system
comes to be applied on a meaningful scale in Peru,
the need to import food will disappear and the
foreign exchange involved can be used to promote
development in other sectors. Consumers in the cities
derive the same benefits of fresh foods throughout
the year that the farm family enjoys, and excess pro
duction can be processed for storage or shipment to
more distant markets. We would expect that when
production increases significantly, prices will fall ,
reducing farm income from the very high figures
cited above. This will lower food costs and reduce
the proportion of the city-dweller's budget spent on
food, allowing him to spend more on other things.
This, in turn, will increase the demand for nonfood
items and stimulate development in other sectors of
the economy. To the extent that farm income also
rises above present levels, farmers too will constitute
a stimulus to other sectors because of their increased
purchasing power. Moreover.. a farmer's new needs
will require increased production of all of the inputs
needed for multiple cropping. For example, each far
mer is going to require a small garden tractor of his
own, as well as spraying equipment and other tools,
fertilizers, and improved seeds in vastly increased
quantities - all of wh ich will add new jobs to the eco
nomy. The same sort of thing can be imagined with
the number of jobs which will be created to take care
of the greatly increased production of agricultural
products. One of the most important potential advan
tages of this system of agriculture from the national
point of view is that it enables the largest number of
people to support themselves at a decent level of liv
ing on the least amount of land. To the extent that
farm income is allowed to remain competitive with
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that of urban workers, more people should be willing
to remain on the land rather than migrate to the
cities.

Some Forseeable Problems
There are some serious problems standing in the way
of a rapid and successful application of this new
technology to any area accustomed to other systems.
The fact that there are truly revolutionary benefits to
be gained from the technology does not mean that
the benefits can be easily achieved. How much bene
fit is derived depends to a great extent on the social
setting. As Emmanuel Mesthene notes, "Technology
may be the motor of all progress, but institutional
sluggishness will most often turn out to be a very ef
fective brake. " (3) In addition to problems relating
to developing the necessary social setting for this
new technology, there also are other considerations.

The results cited in the table above are those
achieved under experimental conditions by an expert
possessing all the necessary knowledge, equipment,
and supplies. The knowledge needed to apply the
new technology successfully is considerably greater
than that possessed by the average peasant at the
present time. In fact, few agronomists now possess
the knowledge to exploit the technology fully . One of
the first steps in bringing this technology to Peru is to
send Peruvian agronomists to those centers at which
the technology is currently being developed. The
nearest is the Centro de Investic;:aciones de la Agricul
tural Tropical in Cali, Colombia. When the first
group of trainees returns to Peru, experimental
fields can be set up in the various regions and field
trials and large-scale training of agronomists can be
gin. Before urging farmers to tryout techniques, all
of the necessary equipment and supplies must be
available. This alone will require careful planning
and organization by experts in various fields. Simi
larly, marketing problems will have to be anticipated
and organizations established to deal with them.
Given the small scale of the individual operation on
the farm, some sort of cooperative agency, private
or public, will probably have to be established to deal
with these problems, as the farmer's attention will
have to be devoted solely to production .

The intensive nature of the farm work itself indi
cates that secure tenure of some sort is needed to
provide the farmer with the necessary incentive to
take excellent care of his land and to invest heavily in
maintaining soil fertility. It is difficult to see how
farm operations could be carried out other than on
an individual basis, since much of the labor is by
hand and varies a great deal because of the many
crops at varying stages of growth at anyone time.
The individual farmer needs to make decisions and
carry them out at the right time if he is to take advan
tage of multiple cropping .

In addition to the technological and organizational
problems involved in introducing multiple cropping,
there are some serious social decisions to be made.
For example, even with a highly successful increase
in production , we could not expect that the society
would suddenly permit the poorest group in the pop
ulation to convert itself into one of the upper groups
with incomes comparable to those of university
graduates. How much of the gains from the new
technology will go to the farmer? How much to the
government in taxes? How much to the consumer
in the form of lower prices? The farmer certainly
will have to be allowed to keep enough of the gains
to pay for increased costs, increased labor time, in
creased knowledge, and have incentive pay to
change his present behavior. In working out the for
mula for this decision, planners will also have to re
member that in many parts of the country the tech
nology cannot be applied. What will happen to far
mers in those regions when prices for their products
fall as production rises, but their productivity re
mains the same? Present plans call for opening
22,000 hectares of new land to irrigation in the Santa
Valley. Using multiple cropping, this new land could
support 10,000-11 ,000 farm families, or 60,000-70,000
people on the farms, with a sizable marketable sur
plus. But what will happen to the farmer in Macate?
There is no way known that he can compete.

Introducing multiple cropping will bring serious dis
locations for many people . But does this mean that
it should not be introduced? There is no way that it
can be effectively kept out, since even if Peru does
not take advantage of it directly, other countries al
ready are utilizing multiple cropping, and prices for
agricultural products on the world market will fall to
the point where Peruvian producers cannot compete.
Then the pressure to import cheap food from abroad
will become irresistible . So some people will be hurt,
others will gain a great deal, but the nation as a
whole will be much better off if multiple cropping is
introduced as soon as possible.

Notes:
(1) The author isan anlhropoligist at Ka lamazoo College, Kalamazoo,
Michiga n , in Peru Sept.-Dec. 1972 as consultant to the United Nations.
All data on multiple cropping cited in thi sarti cle come from two papers
by Ri chard Bradfield .and personal conversation. " Mechanized Maxi~um
Croppin g Systems for th e Sma ll Farmsof the Rice Belt ofTrop,cal ASia,
in Agr icultural Mechaniza tion in South East Asia , Sp rin g 1971 : " Multiple
Croppin g: A Step Toward M ore and Belter Food for the Tropica l Ri ce Belt
of Asia" (unpublished). Olher material on multiple cropping I epo rt son
the resea rch by Ri chard Bradfie ld include, Carroll F. Stree ter, " Help for the
World'sSmal l Farmers," publi shed by Th e Rockefeller Foundation. A
condensa ti on of th isarticle appea red in Rea dersDigest, O ct. 1972, p. 217
ca lled ," Multiple Cropping: Hope for Hungry Asia. "
(2) Boletin Informati vo of Ce ntro para 31 Estudio de Problao ion y Besa rrol lo.
September 1970. p. 29.
(3) Mesthene. Emmanuel G. , TECHNOLOGICAL CHANGE 1970, Mentor,
New York.
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Grain Storage in Dahomey
A Contribution

to the Green Revolution
By H. Thomas Francis

Mustapha Ammousolou is a small peasant farmer
living in the Sakete Sous-Prefecture of southern Da
homey. One of the more important of his goals in life
-like that of most poor people - is to provide food
for his family and, when he has the opportunity, to
do what he can to raise their standard of living. He is
a simple farming man with no formal education, but
wise in the traditions of local agriculture passed
down for generations.

Mustapha is faced with many problems as he
works to bring in his harvests and prepare the
ground for next season's sowing. His land is getting
poorer from overuse - and new land, traditionally
available just a few minutes walk from his house, is
becoming harder and harder to find because of the
pressure of a steadily rising population . .He knows
that if he is to raise his standard of living he must
change his traditional methods. He must try new and
different crops; he must follow the advice of others
already working with the techniques of the modern
agricultural sector; he must start to plant in line and
follow spacing recommendations for the distance
between his plants; and he must start to use fertili
zers, insecticides, and many other things. In short,
Mustapha must become a follower of the new revolu
tion already sweeping much of the world, the Green
Revolution.

Luckily Mustapha is blessed with a good dose of
common sense, and when modern techniques are
reasonably presented, he can accept their superior
ity. However, the transition to improved farming is
not easy because all changes involve elements of
risk, and Mustapha has precious little that he can af
ford to risk. New techniques represent to him a great
unknown and unproven world. Will the new hybrid
seed corn stand up to the season's minimal amount
of rainfall? Will the extra labor involved in seeding
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in line really produce much higher yields? (Musta
pha has had to forego planting an extra half hectare
of beans because of this added demand on his time.)

Normally the answers would be yes; the modern
techniques are, in fact, improvements. But it must be
admitted that the guarantees an agricultural exten
sion worker can give for any given technique in any
given season are few. The risks are very real. There
has been too little applied research done and condi
tions change too much over relatively short dis
tances. So one of the first priorities of the Green Re
volution is to provide people like Mustapha with a
nest egg of investment funds, big enough to support
the increased cost of many of the newer techniques,
and big enough to provide a cushion against the in
evitable failures that occur when people try new
things.

Happily, my work with the Peace Corps as a Volun
teer assigned to the Grain Storage Program of the
Dahomey Agricultural Service is with a program that
can provide just such an investment fund - at the
level of the individual small farmer. Our program al
lows a farmer to earn for himself at a minimal risk
enough cash income so he will be able to introduce
other modern techniques on his farm. It is in this
work that I have come to be friends with Mustapha
and to understand some of his problems.

Corn is the basic food crop of southern Dahomey,
eaten in one form or another by almost everyone at
almost every meal. Corn, like all cereal crops, is sus
ceptible to attack by three old pests: rodents, insects,
and fungi . In my area loss from these pests can be
from 20 to 60 per cent of the harvest. If this loss can
be prevented at a reasonable cost, then the effect is
the same as that of each farmer's having an addition
al similar area under cultivation.
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Corn is traditionally stored in Dahomey in palm
thatch gra nari es, rebuilt every year or so from
locally avai lable materials. Because the palm thatch
does not form a so lid wall , insects and rodents have
ready access to the corn. Traditional farmers are very
aware of this, and sell their crop soon after the har
vest so that the loss bcomes someone else's problem.
Because most farmers harvest during roughly the
same periods, at certai n times of the year there is an
overabundance of corn in the markets, the price falls
very low, and the farmers do not get much cash re
turn for their labors. (A farmer normally does not
sell that portion of his crop that will be eaten by his
family between one harvest and the next, but instead
stores that portion in his granary.) Throughout much
of the rest of the year corn is mu ch more expensive
in th e markets, and anyone who wants to buy corn
pays dearly.

Our answer to these problems of the individual
farmer has been the development of an inexpensive
and essentially reliable grain storage system. It con
sists of three parts: a silo for the actual storage of the
corn , a simple dryer to bring the moisture content of
the grain down to such a level that it can be stored in
a sealed container without danger of rotting or fun
ga l attack, and a roof to protect the installation from
the elements. The system is built almost entirely with
loca lly-available materials, requires construction skills
already available in Dahomey, and is relatively inex
pensive. And most important, it has the advantage of
being a modification of a process already practiced
by local peasant farmers with their traditional gran
aries. Thus its introduction is not tremendously dif
ficult.

The silo is a cement structure fashioned like an
oversized wine barrel except that the staves are ac
tually made of cement bricks. These silos can be built
to store from two to five metric tons of corn and have
dimensions ranging from one-and-a-half meters to
two meters in diameter - and one to two meters in
height. (A good yield for corn in this part of Dahomey
is anything much over one ton per hectare, and an
individual farmer might plant from two to seven hec
tares with the aid of members of his family.) The
silos are built on pillars to prevent the migration of
ground moisture into the structure, and may be
painted on the outside with coal tar to aid in sealing
the cement.

A silo that has been properly used will store more
than 95 per cent of the grain in good condition for a
year or more. Its cost is between 7,000 and 10,000
francs CFA ($33 to $46) or, measured in earning capa
city, less than half of the cash income a farmer can
reasonably expect to get from the sale of two hec
tares of corn when corn prices are at their lowest.
Thus it is evident that a farmer who can store corn in
his silo until the price in the market has at least
doubled can pay for the silo, have his normal before-

silo cash income, and a profit besides. And every
year thereafter he doubles or triples the level of his
before-storage income.

The dryer is essential to the storage process and al
so brings additional benefits. In southern Dahomey,
corn from the most important of the two growing
seasons matures in late summer. However, during
this time there are intermittent rains and a farmer
has to leave his corn unharvested in the fields for a
month or more after the corn has stopped developing
so that it may dry enough in the sun to prevent im
mediate attack by fungi and rot. Insects infest the
corn, laying eggs that will later develop into the
pests that eat a fair portion of the crop. Also, if the
season is too wet, the corn may germinate before it
has been harvested, causing an almost total loss.
With a simple dryer (originally developed at the Uni
versity of Ibadan in Nigeria) the corn can be har
vested as soon as it is ripe and then dried artificially
with the heat of a wood 'fire. Thus further loss is pre
vented and the corn is ready to rest in the sealed en
vironment of the silo without the danger of fungal
attack during the storage period. The dryer is also
made with locally available materials at a cost of
5,000 francs CFA ($23).

The third essential element, the roof, can be cheap
ly made in local fashion from small trees and palm
branch thatching or straw.

It is our hope that this grain storage system of silos
and dryers will be readily adopted by many small
farmers such as Mustapha (Mustapha has a two-ton
si lo and was well pleased with the results of his first
yea r of storage). The Peace Corps and the Dahomey
Agricultural Service are trying to surmount the last
obstacle facing construction of units on a large scale.
The people who have the most to gain from storage
are also for the most part some of the poorest of Da
homey's farmers. Many of these men have difficulty
finding enough ready cash to pay for the limited
quantity of materials that are necessary. The Agri
cultural Service is therefore establishing a credit sys
tem under which these farmers will be able to bor
row up to 45,000 francs CFA ($210) to pay for the ma
terials and the skilled labor necessary to build the
installation. This loan will then be paid back over a
five-year period at a nominal interest rate. Thus we
hope that we can make available to small farmers
the means for getting higher cash income so that
they in turn can invest in other improvements in
their farming methods.

This is an example of but one arm of the Green Re
volution in Dahomey. It is based on the belief that
extensive research, the development of miracle seeds
and cheap sources of fertilizer, and other changes can
be useful only if they are made available to peasant
farmers. But it recognizes also that only with proper
grain storage can the farmers take advantage of
these other developments.
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Environmental Considerations
of the Green Revolution

By H. Lewis Batts, Jr.

-

Over the past twenty-five to thirty years, a series of
agri cultural changes have been effected. Collective
ly, they have been called the Green Revolution. Much
has been written about them, especially the changes
involving the creation of new, high-yield genetic va
rieties of cereal grains (rice, wheat, barley, corn) and
legumes (beans, peas) and the subsequent cropping
of them over large parts of the hungry world . How
ever, relatively little - and that only recently - has
been written about long-range environmental and
other side-effects of these revolutionary changes in
agriculture. This is not because they were unpredic
table ; apparently they were out of the sphere of
knowledge or concern of those making the decisions.

Neither the problem expressed (feeding the ex
panding human masses) nor the solution proposed
(the Green Revolution) is so simple as has been de
fined by the proponents of the methods and the other
attributes of the Green Revolution. As the predicted
results fail to materialize, and as the problem to be
solved seems greater as a consequence of the at
tempted solution, the expected success of the Green
Revolution can be said to be more a hope than a
reality.

The Green Revolution must be considered as only a
fragment of the whole solution - the whole solution
being made up of social , political, economic, cultural ,
and biological aspects because the whole problem is
made up of them also. Simultaneous considerations
and solutions must come from all these if we are to
find workable solutions. Furthermore, it is evident
that the problem of feeding the expanding human
masses is not the real problem; therefore, means de
vised merely to feed people can not solve the real pro
blem, which is how to assure a reasonably comfor
table, meaningfu I existence for them.

Although I consider the social , economic, cultural,
and political aspects of the Green Revolution to be
valid environmental considerations, I shall make
only brief references to them, for perspective, be
cause other articles in this publication have them as
their primary interest. Therefore, the more obvious,
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directly biological, environmental aspects will be
emphasized here.

The Green Revolution as practiced thus far seems
to be another in the lengthening series of human ec
ological blunders - attempting to solve terribly com
plicated problems involving inextricably interrelated
factors by isolating one small portion of a problem
and expecting to equate it with the whole. That ex
pectation is no more valid than that of learning what
life is by killing and dissecting a frog. Helpful, cer
tainly, but it is useful knowledge only in the proper
perspective of the whole. The consequences of ignor
ing natural ecolog ical interrelationships, even of
cau se and effect , can be as certain as the conse
quences of ignoring, for example, the natural interre
lationship we call gravity. Ignoring it may merely
produce results more suddenly than ignoring equally
definite, but less obvious ecological interrelation
ships - less obvious perhaps only because the effect
may be so far removed in time and/ or space from the
cause.

The Green Revolution has been highly touted pub
licly as the solution to the problem of feeding the ra
pidly increasing numbers of hungry people. This
false hope may be its greatest danger. Responsible,
knowledgeable people have referred to this agricul
tural revolution variously as: " The hopes of eventual
plenty"; a means by which to " buy us time in which
to control population"; " a joke - cruel hoax"; " delay
ing the inevitability of widespread famine and ...
magnifying the catastrophic consequences . .. ." One
author said that " its name will be disaster if it arrives
ahead of a Population Control Revolution. " When
one realizes that the population of India experiences
a net increase of 1,000,000 people every four weeks,
one begins to understand such a comment. Others
believe that the range of intent of its proponents is
from the adequate feeding of the total human popu
lation to the wiping out of " small farmers and replac
ing them with efficient agribusinessmen who will be
heavily dependent upon industrial products and
world markets."



Although so-called miracle grains have been de
veloped and have been responsible for significant,
even dramatic increases in production of food on a
relatively large scale in some regions, various biolo
gical (as well as other) problems could threaten the
entire effort. (Incidentally, the nutrient quality of
these high-yield grains is not necessarily higher. In
some it is actually lower.)

It is important to recognize that the technology in
volved with raising miracle grains is as essential to
the increased yield as are the grains themselves. In
fact, without the special tillage and larger amounts
of water, fertilizer, and pesticides than needed for
the ordinary varieties of grains, the miracle grains
yield less than do the ordinary grains.

Ecologically speaking, reliance upon a relatively
few varieties or kinds of anything, such as the mira
cle grains, for our food is courting disaster on a cata
strophic level. Modern agriculture practices mono
culture, the growing of large areas of a single plant
species or variety. Reducing the total diversity to a
few varieties invites epidemic disease and pest out
breaks. The usual response is application of chemi
cals, fungicides, miticides, insecticides, etc. This, al
though momentarily "solving" the problem, usually
(actually) compounds the problem by also killing the
natural enemies of the target pest, thus creating fur
ther dependence upon more, or stronger, or perhaps
different chemicals. In the U.S., for example, the per
centage of crop losses to insects has remained about
the same for more than twenty years despite the
enormous increase in the use of pesticides.

A greater need for chemical pesticides develops in
part because in the selective breeding to produce the
high-yield varieties, the natural chemical defenses of
the plants are frequently bred out - only one of the
many weaknesses that may result. Resistance to dis
ease may be lost also. If, as is being done in the Green
Revolution, vast areas are planted to a single variety
of plant, it should be expected that a single rust or
virus or insect could destroy the entire crop - as
nearly happened to the corn crop in the U.S. last year
- perhaps causing much greater hardship or starva
tion than without the Green Revolution. Might this
effort produce results similar to the infamous potato
famine in Ireland but on a world-wide scale? Com
pounding the problem further is the replacement of
more ordinary, more stable varieties of grains by the
miracle strains, thus eliminating the possibility of re
turning to the ordinary ones if desired, and taking
them out of production for as little time as one grow
ing season could lose them forever.

It is often difficult to discover the susceptibility of
new strains to fungi, insects, and pathogens until the
new strains are planted in large-scale quantities, an
ecological quirk of more than simple density
dependency! Protection of grain in transport and in
storage seems to require the use of toxic chemicals

also; the real effects on people who eat it are not
known.

Of course one of the main concerns over the use of
chemicals to control pests is the ability of pests to de
velop resistance to them. The Food Agriculture Or
ganization of the U.N. reports that "all present
chemical approaches to insect pest control are
doomed to failure because insect populations are
versatile enough to develop resistance through evo
lutionary adaptation to the new chemical parameter
we impose on their environments. DDT has already
become ineffective against more than 200 insect spe
cies." It is estimated that at least 230 species are al
ready resistant to one or more insecticides.

It is encouraging, however, that effective alterna
tives to total chemical control, such as sterilization
of male insects or integrated use of certain specific
chemical pesticides with biological controls are grad
ually being developed as a result of public pressure
on the agricultural decision makers.

Some herbicides being used destroy bacteria sym
biotic with legumes, kill other nontarget plants, pro
duce birth defects in mammals (people?), kill fish
and crustacea, encourage survival of grasshoppers,
kill water plants essential to fish , etc.

Not only are more pesticides needed for the high
yield grains and legumes, but more fresh water is
needed and there is a limit to the amount available as
runoff from land areas each year; also there appears
to be an exponentially increasing annual demand for
that relatively fixed supply. Obtaining water from
other sources requires various degrees of sophistica
ted technology from that of tube wells, pumps, and
transmission lines to desalination plants. Further
more, in increasing numbers of areas where artificial
irrigation is being practiced, the soil is being eroded
away or salt is building up, making it unusable for
food crops. It has been estimated that more land has
been turned into desert by irrigation than has been
reclaimed by it. Some consideration should be given
to the estimate that 70-90% of Asian farmers have no
irrigation water and no money or credit for it, for
fertilizers, or for pesticides.

Water is frequently the limiting factor to food pro
duction by either too little or too much. Even that
supplied by irrigation is often lost by runoff or by
seepage below root level, and this wasted water usu
ally carries with it fertilizers and pesticides, polluting
as they go. Irrigation also favors diseases and plant
pests. Furthermore, in India, irrigation water is
pumped from tube wells electrically; during the
greatest need for pumped water (drought), electricity
is also in least supply.

Fertilizers especially in quantities required by the
miracle grains, pose another serious threat to our en
vironment. The excess washes into streams and
lakes, promoting excessive growth of algae and other
plants, thus killing fish by exhausting oxygen
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through decay. Fish, of course, are critical sources of
protein in many parts of the world where food is now
so scarce. Fertilizers also seep into ground water sup
plies. Plants grown with artificial fertilizers often are
more susceptible to disease or insect damage. Ferti
lizers also upset the highly complex soil ecosystems,
probably reducing fertility in the long run. However,
there is little hope that such needed quantities can
be produced and delivered where needed in time to
be effective in feeding the hordes of people expected.
For example, it is estimated that if India applied fer
tilizer as intensively as the Netherlands, India alone
would need about 50% of the total present world out
put of fertilizer - and the Netherlands is unable to
feed herself now. It has also been estimated that to
produce twice the amount of food, to feed twice the
present population (expected in 30 years), six times
as much fertilizer as is available today will be re
quired. There aren't sufficient known mineral
reserves to meet this need even if other obstacles
could be overcome.

Other biological problems:
Assuming that a grain developed and successfully

cropped in one area of the world will be successful
in another is not ecologically sound. For example, a
faster-growing variety of rice (130 days vs . 170
days), successful in some areas, matures during the
rainy season in I ndia. Therefore , it can't be sun
dried, as can present strains that mature after the
rainy season and, therefore, requires costly and
largely unobtainable drying machinery. Another ex
ample: new shorter varieties of rice developed for
use in typhoon areas successfully withstand the
winds but drown in the rain there and elsewhere;
cattle in India refuse to eat the short, thick stalks,
and the chalky taste of the grain is not acceptable to
many of the people, either. Furthermore, the intro
duced strains may be subject to attack by pests and
diseases not previously known to be pests or diseases
on the ordinary strains used there.

It has become apparent that the Green Revolution
is not the panacea hoped for nor claimed. Even the
most avid proponents have begun to qualify their
earlier claims and to maneuver to shift blame for its
failures . For example, Norman E. Borlaug, the pro
claimed " father" of the Green Revolution, who in
1965 claimed that it was likely that "man can feed the
world's mushrooming human population for the next
100-200 years," in 1969 shortened his estimated time
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to "two or three decades. " Dr. Borlaug has more re
cently begun to suggest that "a rmchair environmen
talists" may possibly be dooming millions to starva
tion by advocating a ban on agricultural uses of DDT,
even though the overwhelming preponderance of
scientific evidence is to the contrary. When evalua
ting such statements as his, it should be remembered
that Dr. Borlaug received the Nobel Prize for his con
tributions to world peace and not for contributions
to science.

In perspective, attempts at feeding people ade
quately must be accompanied by effective popula
tion control, efficient use of energy, and efficient re
cycling of wastes. The development of technological
programs such as the Green Revolution appears to
offer limited temporary success at best and disas
trous failure at worst . Staggering remaining ques
tions must be answered: Is it reasonable to believe
that by 1985 the unbelievably massive amounts of
water, fertilizer, and pesticides that will be needed
to produce double the amount of food produced to
day to feed double the population today will not
completely ruin our environment? Is it reasonable to
attempt to revolutionize the entire agricultural pro
cess in order to adapt to a few man-made varieties of
grains rather than to attempt to produce high
quality, high-yield varieties that can be raised using
the existing, well-established agricultural pro
cesses? So long as we take a simplistic approach to
incredibly complex problems, we should not be sur
prised that results are different, even opposite, from
those desired and planned. Can any conceivable in
crease in food supply keep up with the current pop
ulation growth rate over the long term?

As with many environmental matters, the intense
concern over the Green Revolution is induced not so
much by what is known as by what is not known
about the consequences of so drastic an upset in na
tural ecological systems. Evidence points to the
strong possibility, even probability, that food short
ages, public health problems, and other human ills
will result from the manipulations of this simplistic
approach. Management of human populations must
be within our food production capabilities in the eco
logical sense as well as the economic sense. Whether
we like it or not, admit it or not, we must evaluate,
choose, and set limits to what we do. As human ani
mals, we are confined with all other living things to
the unalterable constraints of existing natural systems.




