THE ENERGY ANALYSIS OF FOOD PRODUCTION SYSTEMS AND THE ROLE OF

ANIMAL PRODUCTION: A REVIEW?!/

Resumen

Este trabajo comienza con ua breve descripeion de los principales insumos de
los sistemas de produccion de alimentos v discute su disponibilided en el fituro. A
este pauorang se opone una descripeion de las perspectivas en o demanda mundial de
alimentos Se enfatiza inds la calidad que le cantidad de alimentos necesarios para satis-
Jacer los requerinientos de las proximas décadas

Se compara  los distintos sistemas de produceion de alimentos desde el puito
de vista energético Asit surgen los sistemay de produccion de granos como los mds
eficientes v los sistemas de produccion animal como los menos eficientes. Se distingue
entre los sistemas de produccion animal que no usan alivientos utilizables por el hom-
bre {forrgie) v aquellos gue consumen recursos, como los granos, que de otra manera
serian wtilizables por el hombre v por lo tanto compiten con 6l Se cuantifica esa com-
petencia, v se resalta el papel del ganado como convertidor de forraje de baja calidad en
protevia consunible por ol ombre

Se compara distintas 1écnicas de utilizacion de los pastizales, que soin la principal
Juente de este recurso de baju calidad. Fl agregado de energia de subsidio en forma de
fertilizantes, herbicidas, semillas y otros determing un aumento en la produccion pero
una disntinucion en la eficiencia Finahmente se compara la energia utilizada en la pro-
duceion de alimentos con el consuno total de energia tanto en paises en desarrollo
como e aquellos desarrollados. Se conciuye que en el futuro proximo las técnicas de
produccion de alimentos mds eficientes en of wso de la energia de subsidios van a ser
las mds rentables econdmicamente Probublemente se dependerd en gran medida de la
produccion de los pastizales naturales y serd necesario desarroliar formas de aprove-
charlos gue sean cficientes en of uso de la energia

Ok SALA*

Introduction

he lTood production system, whether national

or worldwide, consists of several systems. such

as the animal production system or the grain
production system  Lach has distinctive features
regarding its inputs and products with respect to
other food production systems

The objective of this pzper is fo describe the
characteristics of the production system from an
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enerpy viewpoint and fo define the role of animal
production This paper will briefly survey the
characteristics and perspectives of the major inpuis
and outputs of the food production system in the
world It will compare the efficiency of different
systems and will estimate the role of animal produc-
tiont snd Hs different components in a {uture which
presents serious constraints. Finally, the possibility
of different runge utilization techniques will be
evaluated in fight of the vutlook for resource avail-
ability .

Inputs of the food production system
From the viewpoint held in this paper, energy

(including ferilizer, machinery. fuel and others), land
and labor will be considered the prime resources used
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for crop and animal production  These factors are
interrefated and ¢ach can he partly substituted for
the others. For example. eneigy can be used to
reduce the labor input, and viceversa. The fand area
needed fo produce a certain amount of tood can be
reduced by increasing the intensity of land manage-
ment through various energy inputs such as fertilizer
and tragtors This approach can he reversed also

Both arabic land and fossil encrgy reserves are
finite resources Estimates of fossil enerpgy reserves,
mainly petroleum, vary among different suthors
Pimentel er a! {135) mentioned that the known
reserves of petroleum have been estimated to be
86 912 billion liters. which can be converted to
66 053 billion liters of fuel assuming 76 percent
efficiency. The time these reserves will last depends
dircetly on the rate of usage Cook {2) peinted out
that at the present rate of usage there is only a 50-
year supply of gas and a 75-year supply of oil Pimen-
tel er al (15) stated that the known waorld reserves
of petroleum and naturzl gas uze expected (0 be more
than hall depleted within the next 25 years. Their
projection 1ook into account the demand imposed
by the increasing world population.

Nor does land, the other finite resource, face
very optimistic {uture. About threc quarters ol all
human food comes {rom the world s croplund  Only
11 percent of the lund surface is arable and naturally
suitable for crop production. Although reclamation
techniques every year put new areas under cultivation
by means of drainage or irrigation, land lost to high-
ways, urbapization and erosion processes greatly
offset those efforts. kach year more than one million
hectares of argble cropland are fost to highways, urba-
nization and other special uses (16} This loss is
partially offset by the addition of 0 5 miltion hectares
of newly developed cropland per yeur; thus the an-
nual net loss is 0.5 miliion hectares of arable crop-
land Since 1945, the total luss to highways, urbaniza.
tion and other special uses in the United States alone
was ghout 18 million hectares (16)

The other major source of cropland loss has been
erosion Large arcas have been impaired end are no
longer suitable for crop production, while others, still
under production, have been degraded and lost
productivity . According to Handler (5), during the
last 200 years, at least one third of the topseil on
United States croplands has been lost. On the basis of
crosion surveys and various soil surveys, he estimated
that in 1935 erosion had aiready ruined approxi-
mately 4G million hectares for practical cultivation,
and that 40 million additional hectares had lost from
one-half to alt their topsoil. Thus 80 million hectares
in the United States were ruined or seriously deteri-

orated by soil erosion before 1940 Musto (10}
estimated that 40 million hectares are subjected to
different degrees of erosion in Argenting Water ero-
sion accounts for half of the affected ares. and the
figure grows at a rate of 160 000 hectares per year
Soil is not oniy lost, but also formed. According to
Pimentel et al {16),3 7 tons of topsoil are formed
per hectare per year, but the average annual toss of
topsoil from agricuitural land is estimated at 30
tons per hectare. Fhis resubted in what he estimat-
ed as an annual gross trans{er of 5 billien tons of soil
to sireams, with a corresponding serious impact on
the habitat of those streams The potential for
producing food has been reduced 10 to 15 per-
cent in 80 million hectares of United States crop-
kands, according with the same author Panigatti
{13} reported a 25 percent decrease in crop produc-
tien in 30 percent of the best farmlands of Argenti-
na Higher inputs of fossil energy are needed to offset
the soil erosion foss on croplands.

Labor is the third resource used in the focd pro-
duction system The world’s popuiation is now 4
biliion. and is estimated to reach 106 billion for the
vear 2000 (19) A report of the National Academy
of Science of the United States {11) has projected 7
hillion for the same year Reduction in death rates
through effective public health measures, without
a concurrent reduction of birthrates, is considered
one of the prime causes of the rapid increase in popu-
lation numbers According to these data, labor will
not be z scarce resource in the near future, and
except in the highly developed countries. this re-
source will have a low opportunity cost.

Qutlook for food demand

Obviously. the rapid growth in the human popula-
tion is resulting in an increased demand for food Pi-
mentel er ¢f {15) estimated that hall a billion people
are at present protein-calorie malnourished At least
a twofoid increase in feod wili be needed to feed this
rapidly expanding world population by the yeasr
2000 Protein and calorie shortages in much of the
world’s population are resulting in poor growth and
development and increased disease, particularly
among children. Protein and calorie malnutrition are
interrelated, because if the body has a calorie deficit,
it will convert pretein into calories: but the reverse
does not oceur Protein has a very important roife in
human nutrition and is expected to be the first food
substance to experience shortages (9). That means
that the food production system should be analyzed
not oaly from the viewpoint of the amount of
product, but also in terms of the quality of produc-
tion
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Quality of animal-based food products

Protein in the diet must contain 2 minimal amount
of eacl of the eight essential amino acids to meet the
minumum daily needs ol the human body. For this
reuson. animal proteins are ol higher quality than
plant proteins beeause they are composed of rela-
tively large amounts of the eight essential amine acids
required by man Lofgren and Speckmuann {8) point-
ed out that animal protein is higher in nutritionul
quality than plant protein, because the assortment
and amount of emino acids in animal protein more
closely mateh the needs of the human body  bggs.
milk and meat. lor example, provide all the essential
amino acids in a single source of protein tood

Vegelible proteins are ol poorer quulity than

wnimal because most are deficient in one or two of

the essential amino acids By selecting combinations
of cereuls and other vepetable lood sources and
consuming large quaintities, aduits can obtzin sul-
lictent quantities of the essential amine acids to meet
the daily needs of the body However, other nu-
trients, such as vitamin By and some of the essential
trace minerals, may be lacking in a vegetarian diet
Pimentel er @/ (19} stated that. currently. calcium
and jron represent [wo nutrienls whose consump-
tion frequently fazlls below the recommended daily
aliowance Dairy products represent one of the mujor
sources of caleium in the human diet He also stsled
that reduced consumption of dairy products could
have deleterious eflecis on the caicium status ol the
population  Similarly. animai products account for
37 percent of the iron available for consumption
{19} Animal sources of iron ure generally at least
twice us available as plant sources

Comparative analysis of different food production
systems

Energy. land and labor needs are known to vary
significantly according to the kind of crop cultivaled
ar animal produced  The amount and yuality of the
product also wvary widely. Efficiency indices are
constructed as the output/input ratio of the system
Inputs and outipuis of dilferent components of the
same systemn may be measured and different units
utilized  As a consequence, several dillerent efli-
ciency indices can be found in {he literature

Steinhart snd Steinhart (26) reported data on the
enerpy inputs to different food production systems
for one calorie ol [ved vutput The input the authors
considercd is the energy subsidy. Aceording to Odum
{12} this energy subsidy includes the energy utilized
in the process as fuel. electricity, fertilizer, rrigation.
tractors, ele., but does not include the solar energy

involved in photosynthesis and responsible for main-
taining the narrow range of lemperatures which
aHlows life on the earth. Figures for secondary pro-
ducers do not include the energy of their feed. Food
production systems which involve secondary pro-
ducers usually require a larger enerpy subsidy They
need between 1 and 20 calories for producing |
calorie of foed Among the least eflicient are feed-
lot beel and distant fishing. On the other end ure
range-fed beel. low intensity egp production and
mitk production using prass-fed cows, which require
less than 5 calories per calorie of subsidy On the
ather hand. systems which take place at the trophic
level of primary producers are more efficient, and the
cnergy content of the product is usuaily higher than
the energy subsidy for producing it Steinhart and
Steinhart {20} demonstrated how  sensitive ouy
present foed production sysiem may be to a fossi
energy shortage.

Duvid Pimentel is one of the aathors who have
made nugor contributions to analyzing the efficiency
of different food production sysiems He centered his
work on the clficiency of producing protein loods,
because he believed that their response to various
environmental conditions was representative ol all
foods contributing to the food supply. Pimentel
in his book Food, Enerpy and Society (18) analyzed
erergy use in livestock production. He reported that
cug and brofler production was the most efficient
converter when only energy and land were consider-
ed Broilers are also extremely elflicient in labor use
When only forage is availuble, then egy, broiler and
pork production are elimimted and only milk, beel
and lamb wre viable systems Of these three. milk
production is the most efficient converter, because
foruge can be used. und relutively small amounts ol
energy. land and labor are needed for production
Livestock is less efficiont than grain, legumes, fruits
or vepelables (19} Of these, grains und legumes such
as sovbeans are produced more eificiently than [ruits
and vegetables

The role of animal production

Two species compete only when iheir ccologicul
niches overlap. In other words. they have similar
reguirements lor a specific resource which is a limit-
ing factor for both species. The competition concept
may be applicd to animals and man Animals may be
fed with resources unstitable for human consumption
or suitable Tor it In the first cuse, animais and man
do not compete: in the second they du, because the
resources which de not go (o animals would increase
the availability of resources for the human popula-
tfion
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Pimentel and Pimentet (i9) reported the present
status of such competition They said that on a
worldwide basis, about 25 percent of the protein
consumed, or 30 million tons, was animal protein
They estimated that more than 60 percent of this
livestock protein came from animals fed with grasses
and forage that could not be utilized by man. The
remainder came from livestock fed with protein suit-
able for huwman consumption  Specifically, the
50 million tons of plant and animal protein suitable
for man and used for animal feed vield only an
estimated 13 million tons of livestock protein This
means that in addition to large amounts of forage,
4 kg ol dry plant protein suitable lor human con-
sumption is converted into i kg of animal protein.
Obviousty this plant to animal protein conversion is
relatively inefficient when compared with direct
consumption of plant protein by humans.

In highly industrialized countries where diets are
high in animal pretein, intensive livestock production
systems are maintained to supply large quantities of
animal products Buasic to maintaining these systems
is the use ol large amounts of cereal grains which,
thaough useful to animals. are also nutritious human
food 1In the United States, an estimated | 300 kg of
grain is produced per person per year (21) Of this,
man eats only 110 kg, white the remaining 1 190 kg
are fed to livestock Put another way. in addition
to lorage consumed, an estimated 26 mitlion tons of
plant and animal profein quite suitable for human
consumption are fed to animals, which in tumn
produce 6 million tons of animal protein A relatively
large amount of this plant protein comes from various
grains and legumes. As a resuit, on the average. for
every 5 kg of plant and fish protein fed to animals,
only 1 kg ol animal protein is produced

Taking into account the constraints on the avail-
ability of fossit energy and land, as well as the future
of food demand in the world. as described above, it
can be expected that animals fed with resources suit-
able for human consumption will decrease drastically
One ol the major roles ol animal production wili be
to convert roughage or feed high in cellulose into
needed food and fiber for human sustenance, despite
their low efficiency in converting dictary energy into
such products as meat or milk {4). This celiulosic feed
is plentiful throughout the world and has no alternate
use for food, other than through transformation by
herbivores. Forage from pasture land and forest
runge is fed to ruminant animals because they can
convert forage cellulose into utilizable nutrients
through microbial fermentation Total plant protein
praduced on pasture and forest range in the United
States is 1.4 times the total grain protein production.
Current  vield from pasture and rangeland is
534 kg per hectare (19), while the energy input per

Kilogrum of protein is 2.6 Mcal. This is nearly one-
quarter of the fossil energy input expended in
producing grain protein

High protein foods are essential for human diets,
and the amino acid balance necessary for good nutri-
tion is not found in most of the cereal grains There-
fore, man cannot take the step of abandening meat
sources altogether. As a consequence, the major role
of animal production will be to produce high protein
foods utilizing forest range or pastures. This can be
complemented with wastes, including byproducts of
harvesting o processing food crops, o1 byproducts of
processing animal products Moore (9) siressed the
importance of using urea and byproducts inedible to
humans o produce palatable proteins for humans
He stated that even though these byproducts were
fow in protein, they provided energy necded in the
production of animal proteins. One of the most
important byproducts is dried sugar beet pulp from
sugar beet extract. Approximately 169 000 tons are
consumed annually by livestock in the United States
in the meat packing industry, inedible portions of
carcasses, including meat scraps, intestines and blood,
are exposed to high temperatures and rendered into
tivestock feed Urea. a nonprotein nitrogen source
which humans cannot utilize in their diets, can be
coaverted to animal protein by ruminants. It is being
used extensively for dairy and beef cattle

Analysis of livestock production alternatives

Taking into account the resource constraints and
the ulternative uses of cereal grains and legumes,
several proposals have been made for converting
from a system under which livestock are fed both
grain and grass to one under which they are fed grass
alone. These analyses are also critical for those
countries which presently raise tivestock on range-
lands and are considering the alternative ol feedlot
systems. Pimentel ef i, (193 made several projections
and znalyzed three different alternatives for livestock
production in the United States,

The first alternative called for eliminating grain as
livestock feed, using only grass on present pasture
tands and grazing of forest range. They believed that
animal production under this system would include
primarily dairy, beef and sheep. The total amount of
animal protein produced under this system would be
about 2 9 million tons, or slightly moie than half the
animal protein currently produced. The inputs for
this system of grass-fed livestock would be reduced
as foliows: land & percent, labor 34 pereent, and
fossil encrpgy 59 percent This system would relcase
most of the grain currently fed to livestock, or 135
million tons of giain.
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Another aliernative called {or improvement in the
forest range currently grazed by dairy and beel cattle
aid sheep Through better management inputs, the
yield of animal protein would increase 7 percent, still
significantly less than carrent production Compgred
with the current grain-grass system. the total resource
inputs for the “improved grass only”™ woutld be reduc-
ed as loliows: land 8§ pervent. labor 18 percent and
energy 7 percent

The third alternative was to improve forest range
and uge 10 million hectares of fund for corn and
sorghum silage. Total milk, beel and sheep protein
producticn under these conditions is cubculated Lo
be 4.4 million tons. comparcd with current total
production of 5.4 million tons. Compared with the
current system. the resource inputs for the “improved
prass and silage system” decline by 5 percent for
land and 8§ percent for labor LEnergy use. however,
rises about 13 percent above the current level The
increased energy inpul, in a time ol scarce energy
and high prices, make this system inappropriate
D Pimentel believed that if there werc a change
toward a system using only grass, some grain re-
sources and byproducts would continue to be devot-
ed to egg, broiler and pork production Egg protein
is better nutritionally than any other protein avail-
able, and it is relatively efficient to produce. Present
land input for ege production is less than [ percent of
that for all protein sources, and the energy inpul is
only about | percent of that for the total livestock
production system. Broiler and pork production
would also be continued because of their efficiency
and capacity for utilizing byproducts and wastes

Other authors took another approach 1o the
problemt of animal production systems and their
energy cosis Instead of using the worldwide scale
adopted by D Pimentel, they compared actual animal

production systemns requiring different amounis of

resources. and looked at the efficiencies of meal or
protein production

Cook ef al (3} analyzed different catile feeding
and grazing systems including yearlong total confine-
ment, partisl confinement feeding, and conventional
range grazing They determined the cultural and
digestibie energy expended to produce a kilocalorie
of dressed-carcass meat from weaner calves and the
protein consumed to produce a pound of red-meal
protein. They reported that the vearlong range
prazing system with a winter supplement required
considerable less cultural energy than other systems
Range livestock produced about 1 Keal of dressed-
carcass meat lor cach 5 Kceal of cultural energy
Partial confinement, with cows corralled and fed for
5 months during the winter and grazed on the range
during the spring and summer. produced I Keal of
dressed-carcass meat [rom weaned calves for an ap-

proximate cost of 8 to 9 Keal of cultural energy.
Total continement required about 15 Keal of cultural
energy for each Kcal of dressed meat, or about three
times as much cultural energy 1o produce | Keal of
edible meat from weaned calves. compared to range
production

Digestible energy conversion {rom feed or forage
to meat of weaned calves was measured, showing that
total conlinemen} was the most eflicient. The range
group produced the Jowest return of food energy in
dressed call meat per unit of digestible energy
consumed, largely because some of the energy was
utilized in foraging The ratio of digestible protein
in the diet to meat protein produced was analvzed
and the range group showed the lowest ratio; this
group therelore produced more edible meat protein
from weaned calves per unit of digestible protein
consumed. Confined groups were the least efficient
systems with respect to protein conversion

Another approach was taken by Cauhépé et al
(1} They anmalyzed range utilization in the Salado
River Basin, Province of Buenos Aires. Argentina
They distinguished four different production systems,
which they called: improved [, improved 2,
improved 3 and traditional In the improved 1 system,
the range had been reploced with fertilized pastures
and showed u stocking rate of two cows per hectare
and an 83 perceat to 95 percent call crop Annual
secondary production was estimated at 300 kg live
weight per hectare per year. The improved 2 system
did not include fertilization. Pastures were resown
more {requently, and primary productivity was lower
Annual production was estimated at 200 kg live
weight per hectare per yeur. The improved 3 system
was based on fertilized native grasslands with a
primary production of 2 400 kg of dry maiter per
lectare per year Animal production was estimated
at 96 kg live weight per hectare per vear. Finally,
the traditional system was based on native grasslands,
with a stocking rate of 0.6 cows per hectare and a
75% call crop Calf weight at weaning time was
155 kg Secondary production was estimated at
70 kg live weight per hecture per year

The authors caleulated the cultural energy utilized
for epch system in management, fertilization, herbi-
vides, fzbor, machinery, etc They also calculated
the energy content of the output of the different
systems, which ranged from 500 Mcal ha™ yr™' for
the highest technological input, to 115 Mcal ha™
yvit for the traditional system The amount of
subsidy received by ecach system showed similar
trends  However the efficiency of the energy
subsidy use showed exactly the opposite pattern.
The traditionat system, receiving the smaller subsidy,
had the highest efficiency because its low produc-
fivity was offset by the small amounts of energy
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inputs needed for taking care ol the herd and for
veterinary care Using one Mcal of subsidy the
traditional system produced 96 Mcal of beel, while
the improved 1 system produced just 0.78 Mcal Only
the traditional system and the improved 3 system had
efficiencies higher than 1. while the other two requir-
ed subsidies higher than their products.

Klopatek and Risser (7} found a similar pattern in
ann energy analysis of rangelands and improved
pastures on different sites in Oklahoma, United
States  They :eported a linear decrease in the
efficiency of subsidies with an increase in production
Their rangelands in all cases received higher subsidies
and their efficiencies were always lower than those
reported by Cauhépé et 2l (1) The :zngeland with
the highest efficiency in the Oklahoma study produc-
ed only 0.15 units per unit of subsidy.

Relative importance of the energy flow through the
food production system

Agricultural production is responsible for only 2.9
percent of totat United States energy use (6) In
contrast, the food system consumes 16 5 percent of
all United States energy used Manufucturing and
processing use 48 percent, preparation requires
7.1 percent and distribution accounts lor 17 per-
cent. The absolute numbers for production, however,
are large: 30 billion liters ol petroleum fuels and
22 billion KWH of electricity. Total energy input is
equivalent to 52 billion liters of gasoline. Other
authors such as Steinhart and Steinhart (20} and
Pimentel (18), have emphasized that in developed
countries, the relative amount of energy which
goes inte food production is small. On the other
hand, in developing countries the energy used for
producing food accounts for as much as 60 percent
of the total cnergy utilized, because they spend less
encrgy in transportation, heating, ete. Therefore,
small improvements in the efficiency of the food
production system will have a larger impact on the
energy budget of developing countries than of devel
oped countries

If the economic structure remains at it is today,
the utilization of a resource will depend largely on its
price The trend in cattle production in the United
States during the past two decades has been for the
utilization of forage to decrease and the use of feed
grain to increase because of the relatively low price
of grain. Fossil energy is expected to become scarce
and its price to soar. The energy input to farms and
ranches will be more expensive, and some of the
present technigues will no longer be economically
feasible  With these changes, both developing

countries and developed countries will need (o
possess energy-efficient lechniques for producing
food

Present prices of different inputs to the food pro-
duction system are not sirictly related to their ener-
gy content. In other words, the relation beiween
energy content and price usually is quite poor. Prices
depend mostly on economic varizbles such as supply
and demand. This means that production systems
which are not feasible from the energy viewpoint
may be feusible economically As prices rise, espe-
ciully for fossil cnergy, systems which utilize less
of this resource  will be very advantageous. CW,
Cook (4) stuted that expenditures of fossii fuel in the
future will undoubtedly be closely corrclated with
the price

In conciusion, it is probable that in the near future
we will rely heavily on rangelands as a scurce of
protein for humans. Tt will be necessary to maximize
their production. but the subsidies most often used to
incregse  production will be scarce and expensive
Therefore, considerable effort will need to be devoted
to developing energy-efficient techniques for range-
land utilization. Most of the research required to
develop these techniques has its own timing. 1t is the
responsibility of the scientific community to begin
their projects now, before decision makers ask for
new technologies, so that the new demands can be
met

Summary

This puper begins with a brief description of the
major  inpuis for food production systems and
discusses their availability in the future This picture
is contrasted with a description of the outlook for
world food demand  Stress is placed more on the
quality than on the quantity of the food needed to
meet the needs of coming decades

Different [vod production systems are compared
from the energy standpoint. Grain production
systems emerge as the most efficient, and animaul pro-
duction systems us the least efficient. A distinction is
muade between animal production systems that use
food inputs not useful to human beings {forage) and
those that use resources, such as cercals, that other-
wise would be edible by humans and therefore
compete with human nutrition This competition is
yuantified, stressing the role of cattle as @ mechanism
for converting low quality forage into proteins for
human consumption

Different technigues for using pasturelands, the
major source of these low quality resources, are
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compared. The addition ol energy subsidies in the
form of fertilizer, herbicides. seeds, cte can increase
production but reduce efficiency . Finally, cnergy
used for food production is compared with tolsl
energy consumption in the developed and devel-
oping countries. The paper concludes that in the near
future. the more energy-efficient food production
techniques wili be the most prolitable. The popula-
tion will probably depend significantly on the pro-
duction of natural pasturelands. and it will be neces-
sary 1o develop enerpy-ellicient ways ol using them

Literature cited

1 CAUHEPE, M. LEON, RIC: SALA, Ok
SORIANO. A 1982 (ex sequo). Pastizales
naturates ¥ pasturas cultivadas. dos sistemas
complementarios y no opuestos. Revisla
Facultad de Agronomia 3:1-1 1.

(RS

COOK., CW 1976. Cuitural energy in range meat
and  fiber production Tournal of Range
Management 29:168-271

1 COOK, CW.; DENHAM. AH.: BARTLETT,
£T; CHILD, RD 1976, Efficiency of
converting nutrients and cultural energy in
various {eeding and grazing svstems Journal
of Range Management 29:186-191

4 COOK. CW 1979 Meat production potential on
rangelands. Journal of Soil and Water Con-
servation. 79:168-171

5 HANDLER, P 1970, Biology and the future of
man Oxford University Press, New York
217p

6. HOBSON, B. 1978 Energy budget calculations
for Colorado crops. Colorado State Univer-
sity, Departament of Economics. Manuscript

7 KLOPATEK, I M. RISSER, PG 1982 Enerpy
anajysis  of Oklahoma  rangelands  and
improved pastures. Journal of Range Man-
agement. 35:637-643

8 LOGFREN, P A, SPECKMANN, EW 1979
Importance of animal products in the human
diet  Journal of Bairy Science 62:1 019-
1025,

9 MOORE, L A; PUTNAM,. P A BAYLEY,ND
1967. Ruminant livestock: their role in the
world protein deficit Agricultural Science
Review 2:1-7

10. MUSTO, 1 C 1984 Degradacidn y conservacidn
del suelo en la Argenting . Conferencia Nacio-
nal, Erosidn y Conservacién del suelo y det
agua  Academia Nacional de Agronomis y
Veterinaria, INTA pp. 127-147

i1 NATIONAL ACADEMY OF SCIENCES 1971
Rapid population growth. Johns Hopkins
Press Baltimore, Vol |

12 ODUM, EP 1975 FEcology. Holt, Rinelart and
Winston. p. 244

13. PANIGATTI, J L 1984 Conservacion del suelo
en la Region Pampeana hiimeda. Conleren-
cia Nacional, Erosidn y Conservacion dei
suclo v del agus, Academis Nucional de
Agronomta y Veterinaria, INTA pp 65-71

14, PIMENTEL, D HURD, L E; BELLOTIL AC,;
FORSTER,M.J.; OKA, LN, SHOLES, O D
WHITMAN, R:J. 1973 Food production
and the energy crisis Science 182:443-450

15 PIMENTEL, D; DRITSCHILO, W, KRUMMEL,
J o KUTZMAN, F. 1975 Energy and land
constraints  in {ood protein  production
Science 190:754-761

16. PIMENTEL, D; TERHUNE, EC.; DYSON, R;
ROCHEREAU. S.: SAMIS, R SMITH, E A
DENMAN, D.; REIFSCHNEIDER, D
SHEPARD, M. 1976 Luand degradation:
effects on food and energy resources
Science 194:149-155

17 PIMENTEL, D OLTENACU, P.A; NESHEIM,
M.C, KRUMMEL, F; ALLEN, M3,
CHICK, S. 1978 Grass-fed livestock produc-
tion system. energy and land resource con-
strains . Manuscript

18 PIMENTEL, D; PIMENTEL., M 1980 Food,
energy and society John Witey und Sons.
New York. 165 p

19 PIMENTEL. D OLTENACU, P A ; NESHEIM,
MC: KRUMMEL, J: ALLEN, MS;
CHICK. § 1980. The potential for grass-
fed livestock: resource constraints Science
207:843-848

200 STEINHART. FS.: STEINHART. € 1974
Energy use in the U.S. food system. Science
184:307-315

21 USDA. Agricultural statistics 1976 U 5. Depart-

ment of Agriculture. U S Guvernment Print-
ing Office, Washington, DC

Turrialba Vol. 36, No. 1, 1986, pp. 91-97



98 TURRIALBA: VOL 36, NUM. | TRIMESTRL ENERO-MARZO {986

Resena de libros

MORALES, 1 F El mosaico comimn del {rijol: Meto-
dologia de investigacion y técnicas de control
Edicion revisada Centro Internacional de Agricui-
tura Tropical, Cali, Colombia 1984 26 p

Es muy conocida la sbundante informacion cien-
tifica que genera, y a su vez fa gran labor de extension
y divulgacion que realiza, el Centro Internacional de
Agricultura Tropical ~CIAT-. Particularmesnte en fri-
jol comin, una parte de esta informacion ha legado
directamente al cientifico y ual agricultor a través de
cursos de adiestramicnto que se realizan a nivel de
parcels experimental. laboratorio y campo  Bujo
este sistema de transmisidn de tecnclogra. la dival-
gacion de métodos de investigacion se hace mds efec-
liva cuando se ha identificado las necesidades v sc ha
preparado ¢l recurso humano; tal ¢s ol caso de ests
publicacion acerea del mosaico comin en  frijul
{BOCMV), enlermedad prioritariz en los programas
actuales de mejoramiento genético

La obra s uny cdicion revisads que incluye infor-
macian muy reciente sobre metodologia de investi-
pacion y téenicas de control. dentro del sistema de
geperacidn continua de informuacion

En fa purte de identificacion dei virus, la obra des-
cribe en detalle los diferentes métodos conocidos, asi

comuo los materiales y cquipos necessrios, ¢ incluye
buenas ilustraciones para identiticar lus inclusiones
del BCMV en i célula infectada, observada con ni-
croscopio de fuz. Por la forma clara y concisa como
estd escrito el procedimicnto, podria ser un buen
ejemplo de lectura para estudisnies de posgrado vy,
por supuesio, una puiz metodoldgica para virdlogos

En cuanto al mejoramicnto genético, con base en
alpuny informacion que ya existia, se describe la
metodelogia desarroilada de inoculacion y evaluseion
para detectar el mayor nikimero de plantas susceptibles
a la cepa o cepas de BMCV.

Un aspecto muy importante y que estd descrilo en
forma clary en el texto es ln interpretacion de los
resultados obtenidos en la evaluacion de progenies,
por lo cusl podria ser ejemplo muy diddctico pura
ser utilizado por los estudiantes de Agronomia

A pesar de gue fa mayoria de los programas nacio-
nales han comenzado a atilizar cultivares con resisten-
cig a BMCV . el uso todavia de mucho material suscep-
tible hace indispenssbie un control estricto, tanto so-
bre la calidad fHosanitaria de la semilla como del in-
secto vector, para lo cual se describe en detalle la me-
todologia para realizar el contrel integrado . El follete
esta dirigide sobre todo a los cientificos que trabajan
en fritol, pero puede ser muy Gtil para fa enseflanza
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