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FOOD PRODUCING TECHNOLOGIES-AT HOME AND
ABROAD

U.S. research and technology have developed an
agriculture which is capital-management-and-energy
intensive. There is emphasis on laborsaving technology.
This may not be what the rest of the world wants. It may
not continue to be the best for us. Unemployment,
inflation, and food needs are global issues. Partial
resolution of these problems may come from
food-producing technologies that are labor intensive with

roduction maintained at high levels, and with minimal
input of capital, management, and the nonrenewable
resources of land, water and energy. Such technologies
must also be nonpolitical.

Thus far we have given little attention to research and
development in these areas, but they do exist. A good
example is the production of hybrid cotton in India where
tens of thousands of workers are required to hand pollinate
the flowers, but vields are doubled.? Ultralow-volume
knapsack sprayers for pest control in agriculturally
developing countries; the production of short statured
wheat varieties in Pakistan and Punjab of India; multiple
cropping systems in the tropics; and reduced tillage and
surface interseeding of crops in temperate zones are other
accomplishments.

A prime example of a food producing system that is labor
intensive, high producing and with a minimum of
resource, capital and management input is the home food
garden® Vegetable and fruit crops are seldom included in
world food statistics. Yet they can, and do, contribute
significantly to food supplies. The science and art of food
production in home gardens should be exploited.
Production is at the site of use. Wastes and by-products
can be utilized as fertilizer. Energy expenditures from
fossil fuels are minimized. Marketing, packaging, and
transport problems are eliminated. High produciton and
top quality are possible. Home gardening can be the most
intensive food production system on earth. Vegtables
(beans, peas, potatoes, cucurbits, root crops, tomatoes,
onions, crucifers, and sweet corn) are principle sources of
calories, proteins, vitamins, and minerals for hundreds of

millions of people.
FOOD SOURCES

A consideration of the world food problem must include
thought as to what food is to be provided for whom. If the
world’s population is to be fed, what will it be fed with? It
will likely be that which people are familiar with.

When it comes to human nutrition there are issues of
flavor, appearance, and acceptability. Someone is going to
have to eat what is produced. Dietary habits of people are
not changed easily or quickly. The primary effort in food
production for the immediate future must be directed
toward conventional food crops, not the unconventional:
Conventional food and feed crops serve as the primary
food sources for both people and the livestock products
consumed by man'°Chief among the food crops are rice,
wheat, maize, soybeans, millet, barley, oats, rye,
sorghum, field beans, chick peas, pigeon peas, peanuts,
cassava, potatoes, sweet potatoes, sugar beets,
sugarcane, coconuts and bananas. Fruits and vegetables,
processed and fresh, ad personal enrichment and joy in
eating and provide essential dietary nutrients. Hay and
pastures provide most of the feed units for cattle and
sheep.11

There is now the strong suggestion that the world’s food
problem is not one of protein deficiency but caloric
adequacy. If sufficient calories are provided through
conventional food crops, and the biological values of tlg1e
proteins of these same crops are genetically upgraded,
there should be no protein problem. Eighty percent of the
people in India are vegetarians-they don’t eat meat. The
dietary merits of a vegetarian diet based on new improved
cereal grains alone account for 60 percent of the calories
and S0 percent of the protein now consumed by the human

race. 13
STABILITY OF PRODUCTION

Variabilities in the yields of food crops and livestock
production from year to year and area to area are principle
causes of food shortages and surpluses. Weather is the
most determinant factor in food crop productivity.
Production stability at high levels can be achieved only as
environmental stresses are minimized. Season to season
weather variations are of much greater significance than
any identifiable long-term climatic changes.

The year 1975 was a classic example, India, with
favorable climate and rainfall produced an all-time record
crop of 115 million tons of food grains. The USSR by
contrast, had a dismal failure with an estimated 135
million tons of grain compared with a projected hope of
210. Not since the days of Khrushchev have the Soviets
had such an agricultural disaster. Meanwhile, the USA
produced a record corn and wheat crop in 1975. A drought
in the U.S. corn belt during 1974 resulted in production
that was more than 20 percent off in yields per acre of
corn, wheat, soybeans, and sorghum.

Decreased vulnerability of crops to weather uncertainties
must be sought. Stability of food production at high levels
should be a global research imperative. It could be
improved by nitrogen self-sufficiency; identification of
aspects of photosynthesis which limit CO2 input;
innovative water management; an understanding of the
mechanisms of senescence; improved pest management
systems; and for both crops and livestock the ability to
predict extreme weather events at crucial times.

Little research has been done to optimize the use of
limited water resources in crop production. Over one half
billion people live in the semiarid tropics. These are areas
frequented by violent and unpredictable storms. The goals
are the development of improved water management
practices, and crop varieties less vulnerable to the
weather. An international agricultural research center has
been established for this purpose. 14

There are current anxieties as to the price of food and its
adequacy. The impact of weather, and a rising population
of increasing affluency coupled by a depletion of world
stocks of grain have precipitated an instability, volatility,
unpredictability, in the price of corn, wheat, soybeans,
rice, sugar, beans, potatoes, beef and pork never before
experienced.

Only farmers produce food. They will do it only if there
are economic and other incentives. Farmers in the United
States and throughout the world now face numerous and
ever mounting numbers of economic, social, political, and
environmental constraints and disincentives to food
production.

The principle of free enterprise must prevail in American
agriculture. The family farm is the most efficient food
producing system the world has ever known. Corporate
agriculture, in spite of the great visibility recently attached
to it, has not met with resounding success in the USA, nor
has it worked abroad. The Soviets with their state and
collective agricultural enterprises have tried for 40 years to
develop an efficient food producing system. Free

" enterprise with opportunity for profit is nonexistent in the

USSR. Producing food is more than a factory operation. In
addition, the Soviet Union has vast agricultural areas that
are marginally too cold or too dry for stable crop
roduction at high levels. The Soviets cannot consistently
eed themselves.
FOOD PRODUCTION RESEARCH

If food production is important, it’s not reflected by
current investments in research. The 1977 projected
federal research and development budget assigned to the
United States Department of Agriculture is approximately
$0.5 billion. This is not on par or even close to that
currently projected for defense ($9.5 billion), energy ($3
billion), space($3.5 billion), or health, education, and
welfare ($2.5 billion).
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A recent National Research Council report states that
crop surpluses, political pressures from commodity
groups, budgetary reductions, and emphasis on
immediately applicable information have resulted in a
formerly substantial basic research effort in the
USDA-Agricultural Research Service and the State
Agricultural Experiment Stations, to virtually disappear.
‘‘Fundamental research undergirding food production has
languished for two decades.’”” 15

As a nation and as an agricultural food and nutritional
research community, we have been guilty of gross neglect
in the very areas that hold the keys to crop and livestock
productivity. The United States is no longer the leader in
fundamental research on some of the biological processes
that control the productivity of renewable resources.

Our agricultural technology system has been designed to
suppport research at both ends of the applied-basic
research spectrum, but not in the middle. This was the
stimulus for the Michigan State University Agricultural
Experiment Station with its applied-mission oriented
background to join forces with the basic research scientists
of the Charles F. Kettering Foundation in sponsoring an
International Conference on Food Crop Productivity,
October 20-24, 1975 at Harbor Springs, Michigan. The
Proceedings of this conference relate to six biological
process areas that control and limit food crop production.
The focus for many new technologies should be mission
oriented basic research. 16

NEW TECHNOLOGIES-CROP PRODUCTION

The resource base can change with time and new
technology. Expanded efforts for greater photosynthetic
efficiency, biological nitrogen fixation and unconventional
approaches to plant breeding would literally add to the
resources of the earth. Photosynthetic carbon dioxide
fixation and biological nitrogen fixation are the two most
important biochemical processes on earth. Photosynthesis
is the source of all carbohydrates and calories consumed
by man and the fossil fuels he is now exploiting. Biological
nitrogen fixation provides the raw products for protein
synthesis. These processes are nonpolluting. They are
renewable. No limits can be ascribed as to what might be
accomplished. Acquired technologies would be global in
their impact and nonpolitical. These three mission
oriented basic research areas are interrelated.
Photosynthesis and nitrogen fixation are interdependent
processes. Research on one complements the other. More
carbon flow is essential if biological nitrogen fixation is to
be enhanced. Moreover, since new techniques for genetic
manipulation have worldwide application in the
development of new and improved plants, research in all
three areas should be coordinated. Results of such
research investment have global interest and application
and are nonpolitical. Details concerning most promising
approaches in each of these three areas have been
described. 17

Photosynthesis. Food production involves effective
utilization of land and water. But it is more than that. It’s a
series of strategies in crop management and design to
most effectively farm the sun. Plants differ dramatically in
their photosynthetic efficiencies. Most crops capture only
one percent of the energy from the sunlight that
illuminates their leaves. The most efficient producers are
sugarcane, corn, sorghum, and pearl millet. Other crops
such as rice, wheat, soybeans, field beans, peas, potatoes
and cotton respire twice as fast when exposed to sinlight
and burn up to half the carbohydrates they produce. Not so
with sugarcane, corn, sorghum and millet. They have little
if any photorespiration. Ribulose diphosphate carboxylase
controls photorespiration. A key to feeding the world
resides with the control or regulation of a single enzyme.
Biochemists and plant scientists are working feverishly,
both genetically and chemically, to accomplish the task.
Meanwhile, better light receiving systems for many crops
are being created. Plant architecture can be changed.

Repositioning of the flag leaf above the panicle of new rice
varieties is a classical example of achievement. New plant
shapes can be quickly created. e )

The atmospheric concentration of carbon dioxide remains
the most important variable determining the rate of
photosynthesis in food crops. All respond. Remarkable
effects occur when the normal level of 300 ppm is raised to
1000. A six-fold increase in bi%logical nitrogen fixation for
soybeans has been achieved'®While CO2 enrichment is
now commonplace with greenhouse-grown crops, its use
has not been actively pursued as a means of maximizing
the production of food crops in the field. Massive
quantities of CO2 are now being flared into the
atmosphere, and large geological reserves are being
discovered in current explorations for natural gas and oil.

Biological Nitrogen Fixation. The focus has been on
legumes. They are major food crops and include soybeans,
field beans, groad beans, mung beans, peanuts, chick
peas and pigeon peas. Agricultural legumes in the United
States annually fix about 12 million tons of atmospheric
nitrogen per year. This is greater than the amount applied
as fertilizer. Worldwide, biological nitrogen fixation b
agricultural and nonagricultural species fix over 2
million tons of nitrogen for crop production. This contrasts
with the world supply of approximately 40 million tons of
nitrogen fertilizer, fixed chemically. The magnitude of
biological nitrogen fixation under field conditions can be
measured by the acetylene reduction technique. The
stimulus for research on biological nitrogen fixation is the
rising cost of nitrogen fertilizer, its low recovery by plants,
and the massive fossil fuel (natural gas) unput required for
chemical fixation. 19

Opportunities for optimization lie in improvement of
nirtogen fixation by legumes, the extension of this
capability to additional plants, the discovery and use of
new nitrogen-fixing organisms, and finding new chemical
mechanisms of nitrogen fixation. There are three known
sources of biologically fixed nitrogen in the rice paddies of
Southeast Asia-bacteria that are rhizosphere associated,
the free-living azotobacter, and the blue-green algae.
Cropping systems involving interplantings of legumes and
cereal grains are emerging in Southeast Asia and
elsewhere as new labor intensive, high-producing food
systems with a minimum of resource input and the
potential for year around production. 20

New Techniques in Plant Breeding. Many remarkable
achievements have been made in the creation of new
plants. These include hybrid corn, sorghum, and millet.
The development of hybrid corn is the most spectacular of
all scientific achievements in American agriculture.
Increases in productivity have been truly remarkable. The
creation and introduction of short statured, nonlodging,
photoperiodically day neutral, high yielding rice and wheat
varieties have resulted in a Green Revolution. Hybrid
wheat is becoming a reality. Most all commercial hybrids
until now are hard, red winter types adapted to the winter
wheat regions of Texas, Oklahoma, and Kansas. There has
also been great progress with fruits and vegetables. This
includes dwarf and spur-tyge apples, hybrid coconuts,
hybrid onions, carrots, cabbage, spinach, melons, and
parthenocarpic seedless cucumbers.21 22 23

We are now moving beyond the horizons of conventional
plant breeding. Included are the in vitro techniques for
asexual approaches and broad crosses between crop
species. Vegetative cells can now be crossed. The fused
cells are then cultured for organ differentiation. New

lants are then created from crosses that otherwise would

e incompatible. Haploids can be produced by culturing
pollen grains or anthers.

Wide or Broad Hybridization is listed under the heading
of ‘‘radical research’ in the report of the International
Maize ? d Wheat Improvement Center (CIMMYT) in
Mexico®Quantum leaps in crop productivity will require
some form of radical research. Wide hybridization is one of
them. The production of specific, generic and even hybrids
between plants of different families may be possible.
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Barriers to wide crossing appear to be biochemical. The
use of immunosuppressant chemicals to possibly
circumvent this limitation is an emerging technology.
Chemical control of genetic' processes, particularly
barriers to crossability between species and genera may be
a key to rearranging genes and the synthesis and building
of new crop species. The development of triticale, a
synthetic species derived form a cross of wheat and rye is
one success story. Triticale is superior to either parent in
productivity, adaptability, and nutritional value. A much
wider range of genetic variability, with less genetic
vulnerability, than presently exists in food crop species
will be necessary to allow plant breeders to continue crop
improvement programs for the next 25-30 years. Species
can be ‘‘endangered’’ by man but they can also be

created.: 25 T g
Chemical Regulators. Interest for the first time in history

has moved beyond the parameters of horticulture.
Chemical regulation of rooting of cuttings; setting of fruit
and control of flowering: flower sex expression; vegetative
growth; senescence; and fruit shape, size, color, and
ripening has thus far been confined largely to
ornamentals, fruits and vegetables. The focus now is on
the agronomic and major food crops. Leading agricultural
chemical industries are interested.

There now appear to be breakthroughs for enhancement
of yields of two important crops-sugarcane and corn.
Seven thousand hectares of sugarcane were treated with a
variety of chemical ripeners in Hawaii in 1975. Sugarcane
ripeners are herbicides used at low doses. They are
applied several weeks before harvest. Vegetative growth is
slowed and carbohydrates (sucrose) accumulate. The
resultant increase in productivity of sugar from sugarcane
approximates 2 tons per hectare per year. 26

Related to the chemical ripeners for sugarcane is 4,6
dinitro-o-sec-butyl phenol (DNBP) for corn. It, along with a
wetting agent, is applied as a foliar spray when the
unemerged tassels are about 1/2-inch in length. Again, as
with sugarcane ripeners, the vegetative growth of corn is
slightly interrupted and metabolites are shifted earlier to
the reproductive parts. The results are earlier pollination,
more ears per plant, larger ears, and a 5-10 percent
increase in grain yield. Some hybrids are very responsive.
Again, DNBP is an herbicide applied as plant sprays at low
dosages and at critical stages in crop development. 27

Crop Protection and Pest Management. Annual losses
from pest (insects, weeds, diseases, nematodes, rodents,
etc.) in the United States are enormous. They approach
1/4-1/3 of the total harvest. 28

Approximately one billion pounds of chemical pesticides
are used annually. They still provide the foundation (over
90 percent) of contemporary pest control practice. New
strategies for pest management offer promise. These
include insect viruses and bacteria and chemicals (juvenile
hormones) that interfere with reproductive cycles. Egg
and larvae parasites, pheromones, and resistant varieties
may be alternatives. The hope is for reduction in cost with
fewer environmental and health hazards.29

Heretofore. biological methods for control of weeds have
been successful only on individual species. Al'~lapathy is
an emerging technology. It is defined as mutual harm,
where chemicals released by one plant species inhibit the
growth of another. Allelopathy provides the opportunity to
control weeds by genetically incorporating such chemical
factors into desirable food crops. It has been documented
for the cucumber, rye, and oats. 30 31

Nutrient Absorption and Fertilizer Utiliztion. There is'
inadequate knowledge concerning nutrient absorption and
its control of crop productivity. Improved efficiency in
fertilizer uptake is a major challenge ahead. Only 50
percent of the applied nitrogen and less then 35 percent of
the phosphorus and potassium are recovered by the crop.
Losses of nitrogen are even greater in the tropics with
recovery averaging only 25-35 percent. Several new and
high priority technologies are emerging to reduce these
enormous losses. Greater efficiency in fertilizer uptake can
be achieved through the use of improved cultivars with

enhanced capacities of ion uptake. Modulation of
nitrification and denitrification also offer promise.
Recovery and efficiency for nitrogen fertilizer can be
improved by sulfur-coated urea and treated with
nitrification inhibitors. One such inhibitor is known as
“*nitropyrin’’ (2-chloro-6-(trichloromethyl) pyridine). Ni-
tropyrin is a highly specific bactericide which is toxic to
Nitrosomonas bacteria. It reduces but does not eliminate
the population of this organism. The reduction of
nitrification lasts from six weeks up to three months. This
nitrification inhibitor is under extensive trial in the tropics
and for rice production in Southeast Asia. 32 33 34 35

Another promising means of improving nitrogen uptake
efficiency in India is use of a product of the Neem tree.
This tree produces a seed, the pulp of which is used, after
the oil is extracted. It is mixed with the nitrogen fertilizer.
There are identifiable bacteriocidal properties in the Neem
tree product. Most nitrogen fertilizer for crops in India and
Southeast Asia is in the form of urea.

Foliar absorption of nutrients, with both beneficial and
harmful aspects, has taken on new significance. Little
credence, however, has been heretofore attached to the
process by authorities on nutrient uptake, although the
author and his colleagues have published extensively on
the potential role of non-root absorption in meeting the
mineral nutrient requirements of food crops. The role of
plant foliage in absorption of carbon dioxide has already
been emphasized. The gradual lowering of the pH in
atmospheric precipitation in the eastern part of the United
States is having an effect on the soil as well as what is
absorbed by the leaves of plants. Sulfur is seldom applied
to the soil as a fertilizer because adequate quantities are
absorbed directly from the atmosphere by aerial plant
parts. Many other gaseous liquid and particulate materials
are removed by plant foliage from the atmosphere. Some
are beneficial, but more often they are air pollutants and
harmful. Air quality standards in the United States have
given little attention to the effects on renewable resource
productivity. 36 37

There is a remarkable report on foliar fertilization of
soybeans. Yields have been increased by 10 to 20 bushels
per acre. The results are all the more remarkable because
the yield increases were obtained from a production base
that was already high and derived from the best in
conventional practices. The gain was in harvestable seeds,
not in increase in seed size. The ratios of nitrogen,
phosphorus, potassium and sulfur in the foliar spray are
the same as in the seed. Phosphate is applied as
polyphosphate, and nitrogen as urea. The first spray is
applied when beans can be felt in the pods of the upper
four nodes. Two to three sprays are then applied 10-14
days apart. The leaves must be active and green. Nineteen
gallons of solution containing 25 pounds of nitrogen, 6
pounds of P20S, 9 pounds of K20 and 1.5 pounds of sulfur
and applied either by ground or air equipment in each of
three applications. These results with a major crop,
confirm the long reported added efficiency of uptake
associated with %oliar applications of nutrients to many
horticultural crops, sugarcane and pineapple; and
micronutrients for major food crops. Foliar applications
have been declared the most efficient method of fertilizer
placement. Future yield barriers may well be broken by
utilizing the absorptive capacities of leaves at crucial
stages of plant development. The rising cost of
nonrenewable fertilizers should be an added stimulus for
the further development of this technology. 38 39

NEW TECHNOLOGIES-RESOURCE UTILIZATION
Land Resources and Utilization. Food production
capacity reserves are delineated by land, water, energy,
fertilizer, chemicals, capital, credit, machinery, manage-
ment and technology. Food production is a renewable

resource but requires nonrenewable resource unputs.
Land comes first. The productivity of land may be
improved as well as depleted by cropping. To meet
domestic and world food needs we have brought into
production during the past three years approximately 12
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million new hectares-at a cost. What cost resources would
it take to bring and additional 12 million hectares into crop
production? Agricultural research directors ought to be as
concerned about preservation of the land base crop and
livestock production as for new yield or productivity
practices. A 10 percent increase in the yield of corn or
wheat, or preservation of the land base by an equal
ercentage for its production at the same level, gives an
identical result in the amount of grain produced. The
resource input and flexibility in the use of the land
resource, however, is quite different. Also, as we drive our
land resource base harder, different kinds of problems
emerge. We need to review the options in food security,
prices, world trade, energy, and employment for society at
different levels (quantity and quality)of a land base. 40
Irriversibility of land use for food production is becoming
a national disaster. During the past 20 years, 11 million
hectares have been converted into urban areas and
highways. At the same time, the quality of our arable land
is being slowly degraded by excess tillage and soil erosion.
Losses in the United States are about 3.6 billion metric
tons of top soil annually, equivalent to 31 metric tons é)er
hectare. These soil losses are accompanied by degraded
water quality, fertilizer and organic matter losses, and the
silting of rivers and harbors. 41
No more than 25 percent of our farm lands are under
approved conservation practices. It is not now profitable
and there is little incentive for individual farmers to apply
conservation practices. This must be changed.

There is one exception-reduced tillage. The no-till
systems of soil management conserve soil, water, organic
matter, fuel, labor, machinery and fertilizer. One of the
secrets of the no-till economy is a seed drill that distrubs
only enough soil in the stubble or sod from one crop to
make an opening for the seed of the next crop. A still
newer innovation is interseeding-sowing the seed of a
second crop such as soybeans before the first one such as
wheat is harvested. The concept involves complete
elimination of tillage. Competing weeds are controlled
with herbicides, not cultivation.

For the U.S. corn belt, no-till has proven the most
effective management practice ever developed for the
control of wind and water erosion. Zero tillage can be seen
throughout the United States for corn, soybeans and sugar
beets. It is effective for asparagus. No-tillage farming has
spread to more than three million hectares in the United
States. Minimum tillage technologies now embrace more
than 18 million hectares in the U.S. It is projected that
more than half of America’s cropland will be farmed
without plowing in thirty years. Much additional land can
now be used for crop production formerly not considered
suitable. It is now used for small grains in Britain, rice in
Southeast Asia, and provides an improved system of land
management for highly erodible and difficult-to-manage
tropical soils. Entire issues of professional and trade
journals are devoted to the topic. The advantages of
reduced tillage which come through most clearly to the
producer are the (a) saving of time, (b) reduction of costs,
(c) greater land utilization, (d) quick turn around time from
one crop to the next, and (e) taking advantage of short
spells of good planting weather. 42

Water Resources and Utilization. It is estimated that in
the United States 90 percent of all water that is withdrawn
from streams and ground water storage for use is
consumed in irrigated agriculture. Eighty-one percent of
the sugar beets, 70 percent of the fruits and vegetables, 40
percent of the cotton and sorghum, 30 percent of the
alfaifa, 25 percent of the barley and 10 percent of the corn
and wheat produced in the United States is from land that
is irrigated. In view of the predominate use of water in
food producing systems it is somewhat ironical that the
1975 Staff Draft Report of the National Commission on
Water Quality does not address itself to water quality for
agriculture. All other aspects of water quality
(‘*fishability,”” ‘‘swimability,”’ leisure, human health,
etc.) are, however, given thorough treatment. 43

Irrigated land generally is the most productive, up to 30

percent ot the tood for mankind is produced on about 15
ercent of the irrigated cultivated land of the globe.
rrigated acreages in the Peoples’ Republic of China, the
USSR and India exceed those in the U.S. Agriculture,
other than dryland grazing and dryland farming, would be
nonexistent in the western USA without irrigation.

Agriculture suffers from some degree of water deficiency
over the entire %lobe. Drought is one of the major factors
contributing to food shortages and instability of supplies.
While billions of dollars have been expended for
development of new land resources through irrigation,
little attention has been directed toward increasing
efficiency of water usage by crops and new technologies
for water management. Efficiency in usage of irrigation
water varies from a low of 30-40 percent in the United
States to more than 80 percent in Isreal. The amount of
water required to produce a unit of food is also a variable.
In the Hawaiian Islands only 18-20 inches of rainfall is
required annually for pineapple but for sugarcane it is
90-100 inches per year.

An improved system of water management is trickle or
drip irrigation. It had it origin 25 years ago in the
greenhouses of western Europe. Only in the 1970s,
however, has it been introduced for production of high
value crops in the field. It is irrigating the crop not the soil.
Quantities of water required to start young orchards in the
desert may be reduced to 1/20th of conventional sprinkling
systems. For sugarcane, corn and sorghum, nutrients may
be added through the system and the lines may be buried
12-18 inches deep to discourage weed growth.

Drip irrigation is being installed in the sugarcane
plantations of Hawaii at the rate of 5,000 hectares per
year. All new plantings are equipped with the drip system.
The total estimated cost of $1,500 per hectare is amortized
in one year as a result of savings in lavor. Drip irrigation
will eventually be installed in all sugar plantations of
Hawaii (50,000 hectares) that are currently irrigated. This
water conserving-labor saving technology needs careful
evaluation for other major foog crops as well as high value
fruits and vegetables.

Energy Resources and Product Utilization. The
improtance of energy options with land, water, and labor
in food systems has beem emphasized. While food
production is more than energy and protein, the two are
closely related. Use of agricultural by-products and
hydrolysis of waste cellulose could add enormously to our
food and fuel sources. Economic viability will determine
the rapidity with which such technologies are developed.

Meanwhile, studies of energy inputs into alternative
agricultural production techniques for the major food crops
and their products, should be pursued on a national and
global scale. Improved food processing efficiency could
reduce energy use by 35 percent, waste and effluent by 80
percent, and increase processing yields by 5-20 percent.
Total losses between harvest and comsumption could be
reduced by 30-50 percent. 44 45 46

NEW TECHNOLOGIES-LIVESTOCK PRODUCTION

Domestic animals produce meat, milk, and eggs from
nutrients derived from crops, forages and by-products that
have less value elsewhere. The magnitude of the current
contribution of animal products to the U.S. food supply is
significant. They produce 2/3 of the protein, 1/3 of the
energy, 1/2 of the fat, 4/5 of the calcium and 2/3 of the
phosphorus consumed by man. 47

Make Ruminants Less Competitive With Man for Protein
and Energy. Cattle (beef and dairy), sheep and goats can
grow and produce primarily from plant foods that cannot
be consumed by man, but are converted to useful products
(meat, milk, hides, wool). The rumen stomach is
essentially a fermentation vat. Nonprotein nitrogen
sources (anhydrous ammonia, ammonia solutions, urea)
can be added to whole chopped corn plants and other
forages in the field or at the silo. If done at the proper
stage of maturity sufficient energy and nitrogen is
provided for finishing beef cattle and all but the very high
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producing dairy cows. Only 12-15 percent of the nation’s
corn crop is currently harvested as silage. A vast new
energy resource could be put to use. Forages now
constitute about 3/4 of the feed units consumed by
ruminants (beef cattle, dairy cows, sheep, goats). This
could be raised to an even higher level with an effort
directed toward improved management of range lands and
pastures coupled with the development of superior grasses
and legumes, and improved harvest technologies. Targets
of opportunity in these areas have been outlined. 48

Ruminant livestock do not have to compete with man for
energy or for protein. Large quantities of grain have been
fed to livestock in the past only because it was in surplus
and it was economically feasible to do so. Forages can be
produced on vast areas of land that globally exceed by
two-fold that suitable for cultivated crops. Only ruminant
animals can convert these forages to human food. One of
the greatest research challenges is to increase the
efficiency of this conversion. The ultimate goal may be
control of rumen fermentation to optimize the production
of desirable end products. 49

Improved Animal Health. Prenatal immunization of the
unborn dairy calf is now a reality. This is an insurance
against calfhood disease. A worldwide record for speed of'
adoption of a new technology was recently achieved in the
history of agricultural science. A vaccine for Marek’s
disease was first introduced by a team of four scientists in
1971. 1t is a vaccine that will control a type of cancer in
chickens. This contribution for the health of laying hens
and broilers is now being studied for possible adaptation to
human health problems relating to the control of cancer.

Improved Fertility. Closely allied to disease control is
high ~reproductive performance. A new frontier is
emerging for fertility control in dairy and beef cattle and
for horses. Protaglandin F2a controls estrus and greatly
improves efficiency of artificial insemination. An approved
commercial use has already been introduced for horses
and final clinical tests are underway for dairy and beef
cattle. Ovulation control with prostaglandin F2a will
permit artificial insemination in herds where detection of
estrus is now difficult or impossible. The potentials lie in
rapid genetic improvement and for greater reproductive
ef'gciency. The implications of this discovery are global.
This may be the long awaited technological breakthrough
for improving the notoriously low fertility of the water
buffalo in Southeast Asia, and in other parts of the world.

S0 51 52 CONCLUSIONS

Modern food systems must be viewed in their total

context. The production of a commodity begins with the
seed, land, water, fertilizer and pesticides. It requires
machinery, capital, labor and often credit. This
assemblage on the farm demands superb management.
The natural resources, some nonrenewable (land, water,
energy, fertilizer), and some renewable (sunlight) are
utilized. The vagaries of weather and climate must be
dealt with. The farmer must put it all together and make if
work. Raw agricultural prod‘l)xcts (corn, wheat, soybeans,
beef, pork, milk, poultry, eggs, fruits, vegetables, cotton,
etc.) are produced. They must be harvested. They then
move beyond the farm to processing, packaging,
transportation, storage, and distribution to consumers
everywhere.

There are many technological soulutions to the world
food problem. One is impressed by the number of
potentially important and viable alternatives. We have
emphasized the development of new agricultural
technologies for enhancement of food production as our
best hope for the future. These advances, however, will be
of little value without the free enterprise system, the
family farm and economic and social incentives to produce
food. There must also be the political will.

Agricultural productivity as a renewable resource, the
adequacy of our food supply, and improved nutrition will
assume an increasingly greater importance and visibility.
Never in the history of mankind has one nation had such a
monopoly on food. Never has a single nation exported so
much food. This nation has never experienced a famine.
Today’'s generation has never known hardship or
witnessed a shortage of food, shelter or clothing. Never
before in history has there been such an interest in
agriculture, food, and nutrition. College and university
enrollments in agriculture and renewable resources have
doubled in five years.

Recent records of accomplishments in food production
have never been equalled by any nation in the history of
mankind. Agricultural, food and nutrition education must
be expanded rapidly to meet current demands and an
escalating interest. Otherwise, those with nonagricultural
backgrounds will be prone to take over. There is already
the perception that the present agricultural establishment
is obsolete and incapable of meeting today’s problems in
the food area. Never was there a greater need and
opportunity for qualified and trained people. To meet the
food requirements of an expanding population, quantum
jumps even greater than we have thus far witnessed must
be achieved in agricultural productivity during the next 25
years. I am confident that we can meet these challenges.
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Dear Friend,

Welcome to Blue Star Tipis! It is my pleasure to introduce
you to our company . . .

For several years now Blue Star Tipis has been offering to
our customers tipis made of quality materials put together with
care and a personal touch unique in the world of manufacturing
today. For example, our foot-powered treadle sewing machines
enable us to maintain a closeness to our product which is mani-
fested in our tipis as an expression of our desire to share a part of
ourselves in every tipi in the form of warmth and goodwill to our
customers. Today we find ourselves expanding our business to
meet the needs of a growing market. Yet, in spite of a greater
number of customers we have dedicated ourselves to giving the
same service and personal touch that has always been a part of
Blue Star Tipis.

Sincerely,

ol 1D

Mark Welander
Blue Star Tipis

w0
o Ha¥ S

FOR A BEAUTIFULLY ILLUSTRATED BROCHURE GIVING COMPLETE DETAILS AND

AND PRICES, SEND $1.00 TO: BLUE STAR TIPIS P.0. BOX 2562, MISSOULA,
MONTANA 59801
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?)« ‘&%09 “survival freak”
2> TEE SHIRT

color $4.,00
tOhite $3.50

circle one
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Wt blue grey yellow

SEND ORDERS TO:

Highland Survival School

PO Box 4754
Naste Colorado Springs CO 80930
Gy S
Zip _

I have inclosed §S..... pluss25 postage for .... shirts.



If you walked into the woods today. wha
would the deer and the coyote
smell---rubber, garbage cans,
exhaust fumes and asphalt?---

\ ]
Stand in the Woodsmoke for a while

....And invite
your friends

to join you

A  woodsm :
of WOODSMOKE puts him in tune with :
the wilds. It takes away the fumes of

civilization.

an knows the value

If you enjoyed WOODSMOKE #1 , you should really set your courses for those future columns of
WOODSMOKE rising on the horizon. The spark has just been struck and the flames are ready to
warm you from now on. You can sit with WOODSMOKE and feel the lore of the trail and the security
of the homestead hearth, both together. The skills for living will keep your fingers busy round the
evening fire wherever you are. WOODSMOKE will be sizzling with hump roast and ashcakes;
stoneage skills and homespun hints for a better and more enduring lifestyle; adventure and history
along with a few tall tales now and then. WOODSMOKE aims to help you build confidence and a
sense of adventure in yourself by putting you in touch with newer and better ways to become one
with nature and with society. Contrary to the pessimistic opinions of some people, WOODSMOKE
believes that man is the master of his destiny and that he is truly a part of this wonderful universe.
Lie down just outside the fires dim and gaze at the limitless universe above, feel the stillness of the
land and let the free breezes bathe you in your very own WOODSMOKE.

And while you're at it, why not give your best friends WOODSMOKE. Let it blow in their direction
S 3 SO O - 1

WOODSMOKE
P.0.Box 62, Stevensville, MT 59870

WOODSMOKE
P.0. Box 62, Stevensville, MT 59870

Please send a year’s subscription to: Please send a year’s subscription to:

------I'
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|
]

Address Address

City State City State

zip Zip

[1$6.00 enclosed [Ibill me later [1$6.00 enclosed Cbill me later |
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