|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

Minnesota

AGRICULTUR
ECONOMIST

AGRICULTURAL EXTENSION SERVICE e UNIVERSITY OF MINNESOTA

NO. 570 AUGUST 1975

Farm Energy During An Era Of Scarcity”

By John Gostovich

Introduction

MANY PEOPLE think our continued
cconomic prosperity is threatened
and, perhaps, doomed as we enter
an era of petroleum and natural gas
scarcity. From 1950 to 1970, the
amount of energy Americans con-
sumed doubled. During this same
period, U.S. population increased
from 150 to 200 million people, an
increment of 33 percent.

John Gostovich is research as-
sistant, All-University Council on
Environmental Quality, and grad-
uate student, Department of Agri-
cultural and Applied Economics.

*This report is an edited ver-
sion of a longer, more detailed
study — Minnesota: Energy Re-
quirements for Crop Production,
undertaken for the Minnesota
Energy Project, a project of the
All-University Council on En-
vironmental Quality, sponsored
by the State Planning Agency.
Copies of the full report may
be obtained from the State
Planning Agency.

In 1963, all food-related activities
in the United States accounted for
12 per cent of the total U.S. energy
use. This included all energy used
directly and indirectly for farm
agricultural production, food pro-
cessing, transportation, wholesale
and retail trade, and household use
(cooking, refrigeration, freezing, and
food shopping by car). Direct energy
use is the energy actually used in
the activity; indirect energy is that
part of the energy used by other
sectors whose output facilitates food-
related activities, e.g., fertilizers and
herbicides. Food-related energy as
a percentage of total U.S. use did
not change significantly from 1960
to 1970, indicating that the growth
rate of food-related usage is about
equal to the growth in total U.S.
energy demand.

Today, farming accounts for less
than one-fortieth of the nation’s total
energy demand. By comparison,
automobiles in 1970 required nearly
six times as much energy as did
food production on the farm and
accounted for over one-seventh of
the total energy used. These figures
should help explain why the federal
government can promise farmers all
the fuel they need.

American  agricultural  output
must continue to grow if people
are going to be fed; however, rising
energy prices will make farmers
and farm policymakers more con-
scious of agricultural energy require-
ments. Not only will energy waste
have to identified and curtailed, but
energy conservation will be en-
couraged by high prices and the
restricted market that caused them.

Agricultural production, just as
any productive activity, combines
land, labor, and capital to produce
a product for which there is a de-
mand. The amounts of each factor

employed in production are deter-
mined by the extent to which its use
enhances the value of the product.
When high prices are offered for the
output, more inputs can be fruitfully
employed. When demand falls, input
levels are accordingly reduced; if
prices offered fall low enough. pro-
fitable production becomes impos-
sible, and activity ceases.

Primitive agriculture relied on
human labor as its primary input.
Rainfall, soil, and sunlight provided
the vast majority of the energy re-
quired by the crops at no tangible
cost. American agriculture is pre-
sently capital-, fuel-, and technology-
intensive. As agricultural production
has developed, additional inputs
have displaced human labor, and
nonphotosynthetic energy has come
to dominate agriculture. Not only
fuel for tractors, but fuel for pro-
duction of tractors, fertilizer, chemi-
cal pest control, and electricity must
be considered.

Minnesota has no natural de-
posits of oil, coal, or natural gas to
satisfy the ever-growing appetite
for fuels. If the United States con-
tinues to be plagued with shortages
and rising energy costs, state and
federal agencies may have to allocate
energy. Because fuels had been
relatively inexpensive and plentiful,
agriculturalists have not gathered
much information on farm fuel in-
puts. This lack of information limits
the accuracy of this report. Never-
theless, this report should help place
farm use of fuels in crop production
in perspective with the state’s total
fuel requirements. Field corn is
studied in detail because it is the
state’s most valuable crop, the
technical aspects of its cultivation
are fairly well-known, and its input
needs are characteristic of the state’s
other primary crops.



Field corn in Minnesota

From 1960 to 1970, the acres of
Minnesota field corn fell from
5,757,000 to 4,954,000, a decline
of 15 per cent. During the same per-
iod, the average productivity of corn
acreage in the state rose from 38
bushels per acre to 79 bushels per
acre, an increase ot over 100 per
cent. Increasing productivity insured
Minnesota corn output could ex-
pand 12 per cent while acreage was
reduced. Because of favorable
prices, corn acreage ecxpanded to
nearly 7 million acres last summer.

Use of hybrid seed corn and the
availability of relatively inexpensive
fertilizer have accounted for the
majority of these yield increases.
Inputs cannot, however, be isolated
from one another in an analysis of
production. Hybrid seed corn has
been bred to respond well to chemical
fertilizer; but the success of the
crop also depends on rainfall, ef-
fective cultivation, pest control, and
prompt harvesting. If the chemical
fertilizer is withheld, the hybrid seed
will often not do as well as the open-
pollinated seed it has replaced.
Similarly, today’s high yields re-
quire greater planting densities
which aggravate the problems of
insect and weed control.

U.S. average corn yields are ap-
proaching 100 bushels per acre, and
some farmers have been able to
coax 300 bushels per acre out of
the land. Tripling of productivity is
a hopeful sign, but before such
yields can be widely imitated, the
economics of energy must be under-
stood.

Input and energy requirements
of Minnesota field corn

Corn, soybeans, oats, and hay
provide about 80 per cent of the
value of Minnesota’s total crop out-
put. Field corn has traditionally
made up about half of this figure.
Because of corn’s preeminence, it
was chosen for careful examination.

Machinery

The tractor and its attachments
have replaced the horse-drawn im-
plement, and as more land is farmed
by fewer operators, the size and
complexity of tractors have grown.
In 1955, the average United States
farm worker used 31 horsepower.

By 1965, this became 63 horse-
power, an increase of over 100 per
cent.

Gasoline

A farm machine, like an auto-
mobile, consumes far more energy
in its lifetime than the energy utilized
for its construction. One study
estimates that 22 gallons of gasoline
were used per corn-acre in tractors
and harvesting equipment in 1970.
This is a 45 percent increase over
1945. However, since larger tractors
generally use diesel fuel, savings from
increased efficiencies are expected.
Diesel-powered farm equipment
uses almost 30 per cent less fuel
than does gasoline-fueled machinery
of equal capability because diesel
fuel has more energy per gallon than
does gasoline and because diesel
engines utilize higher compression
ratios and higher combustion tem-
peratures.

Conventional corn cultivation in
Minnesota requires an estimated
10.4 gallons of gasoline per acre.
This includes stalk chopping, mold-
board plowing, disking, field culti-
vating, planting, cultivating, spray-
ing, combining, and transporting.
An alternative “no-till” program
could cut fuel consumption by 50
per cent. Employing a minimum
tillage program of stalk chopping,
field cultivating, planting, cultivat-
ing, spraying, combining, and tran-
sporting, 5 gallons of gasoline could
be saved per acre without affecting
yields. Minimum tillage would also
save machinery energy expense since
the moldboard plow and disk could
be eliminated.

In addition to reduced tillage,
farmers could save considerable
amounts of fuel by providing shaded
or underground fuel storage tanks,
better machinery maintenance, sharp
cutting edges, proper lubrication,
and by insuring that tractors are
loaded to 75 per cent of capacity.
In lighter soils, corn acreage can be
disked, packed, planted, and fertiliz-
ed in one operation instead of four.
This saves time and fuel and greatly
increases the amount of land that can
be prepared in a day, an effective
hedge against bad weather and
other unforeseen circumstances.

Fertilizer

Like mining, farming is an ex-
tractive industry. Crops draw nutri-
ents (energy) and minerals from
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the soil which are then utilized as
human and animal food. If this
fertility is not replenished, land
productivity declines.

Today’s productive agriculture
depends on the use of chemical
fertilizers to return the nutrients
which intensive cultivation has re-
moved from the soil. In 1945, 7
pounds of nitrogen, 7 pounds of
phosphorus, and 5 pounds of po-
tassium were the average amounts
of fertilizer applied to 1 acre of
United states field corn. By 1970,
these figures grew to 112, 31, and
60 pounds, respectively. In Min-
nesota, 1970 averages were 92.5,
66.4, and 60.2. This is a 16-fold
increase in statewide nitrogen usage
since 1940. Total Minnesota fertilizer
expenditure in 1970 is estimated to
be equivalent to 29.8 gallons of
gasoline per acre, or 149 million
gallons for the entire state.

The present growth rate in nitro-
gen application in all Minnesota
crops is 19 per cent per year. This
gives a doubling time of less than 5
years. Since cropland in the south-
ern one-third of the state is ap-
proaching optimal fertilization given
present prices and returns, continued
expansion of fertilizer application
will be concentrated in areas of the
state endowed with lower soil
fertility and shorter growing seasons.
With prices on the rise, the actual
growth of Minnesota fertilizer usage
may be sharply curtailed in the
next few years.

Historically, fertilizer prices have
fallen as supplies have expanded.
The federally imposed price freeze
in 1973 certainly diverted much
domestic fertilizer to export demand,
where market prices are much high-
er, but the major impediment to
continued inexpensive fertilizer is
the fossil-fuel requirement of its
production.

Currently, nitrogen fertilizer pro-
duction is largely a process of com-
bining atmospheric nitrogen with
hydrogen derived from a carbon-
aceous material. In the United
States, natural gas is the primary
source of this hydrogen, which is
combined with the nitrogen to pro-
duce anhydrous ammonia. Not only
the cost and availability of natural
gas, but also the cost of the large
amounts of electricity used to drive
the chemical reactions, enters into
the problem. These great electrical
demands explain why most U.S.



anhydrous ammonia production is
centered in the region serviced by
the Tennessee Valley Authority.
The Republic of China, however,
derives nitrogenous fertilizer from
its abundant coal supply. If Ameri-
can electricity and natural gas con-
tinue to become more expensive, the
Chinese technology may become a
significant alternative for the United
States given our large coal reserves.

The basic source of phosphate
fertilizer is phosphate rock. This
resource is most heavily mined in
Florida, although deposits also exist
in Tennessee, North Carolina, and
the Western States. New Mexico is
the major supplier of potassium
salts for the fertilizer industry, with
deposits in Utah and California
supplying a small share of the pro-
duct. Phosphorus and potassium
fertilizers require about one-sixth
of the energy required to produce
ammonia since they are mined, con-
centrated, and blended rather than
being synthesized from raw fuel
feedstocks.

There are many ways to reduce
the amounts of chemical nutrients and
the energy these nutrients embody
while still obtaining comparable
yields. The simplest way to con-
serve fertilizer is to spread it more
carefully. With an application rate
of 160 pounds of nitrogen per acre,
poor application can vary the con-
centration from 80 pounds at the
edge of the swath to 240 pounds at
the center. The 240-pound con-
centration yields only 4 more
bushels of corn than the suggested
rate, while the 80 pounds spread
at the edge of the strip decreases
the potential yield by 20 bushels
per acre.

The return of animal wastes to
the soil has been a traditional way
of increasing both soil fertility and
tilth. The yearly manure output from
one dairy cow can provide over 100
pounds of nitrogen. With Minnesota
average application of chemically
produced nitrogen at about 112
pounds per acre per year for corn-
land, manure clearly is a significant
potential source of nitrogen. Vir-
tually all animal manure in Min-
nesota is presently returned to the
soil. Nationally, however, much
feedlot manure is not utilized. As
fertilizer prices rise, feedlot operators
may discover their huge output of
animal wastes is a valuable by-pro-
duct instead of a disposal headache.

The other low energy substitute
for chemical fertilizer is green
manure. Green manure is any crop
grown to be plowed under for soil
improvement. These crops add or-
ganic matter to the soil and, when
legumes are used, add nitrogen.
Unfortunately, when a field is sup-
porting a green manure crop, it
cannot simultaneously support any-
thing else. For this reason, green
manure requires some cash crop
land to be taken out of production.
The trade-off is between lower costs
and lower average productivity. For
the present, there is no economic
incentive to adopt green manure
practices.

Electricity

Electricity is an important input
into crop production in the United
States. Food-related activities ac-
counted for 22 per cent of the
electrical energy used in the United
States in 1963. Of the total electrical
usage for foods, primary agricultural
production accounted for 2.2 per
cent in 1963. This latter figure rep-
resents the total fossil fuel inputs into
electrical generation rather than
the energy in the delivered electricity
itself.

Farm electrical consumption sup-
ports those “plant™ activities which
aid agricultural production. Among
other things, electricity provides
illumination and ventilation for
barns and buildings, it moves and
mixes feed in augers and mills, it
powers sophisticated feeding and
milking systems, and it drives the
power tools, air compressors, and
arc welders necessary for mainten-
ance. Nationally, per capita electrical
usage doubled between 1955 and
1970, while electricity used in
farming an acre tripled during the
same period. If this trend continues,
electrical inputs into crop production
will grow, and if new agricultural
technologies require more electricity
than those they replace, this growth
will be accelerated.

Drying

Adoption of hybrid seeds and
high fertilization rates have resulted
in corn which matures in the early
fall when drying conditions are
poor. Consequently, much harvested
corn must be dried before it can be
safely stored. An estimated 30 per
cent of all harvested corn in the
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United States was dried in 1970.
Most corn dryers use liquified
petroleum gas (LP gas), and its
usage amounted to 475,000 Btu per
acre for all U.S. corn harvested.
Minnesota farmers, since they work
within a shorter growing season, dry
more corn than the national average,
but the exact percentage is not
known.

Since the amount of energy used
to dry the state’s corn crop varies
with total corn production and
weather conditions, it is difficult
to make firm estimates for years not
covered by actual data.

Savings in energy for drying could
be realized by planting early ma-
turing hybrids, but the trade-off
seems to be a reduced yield. More
efficient dryers, including solar-
powered units and dryers using un-
heated air, are being studied, and
their use may become widespread
in the next few years.

Other inputs for field corn

Additional energy is used in hy-
brid seed production, insecticides,
herbicides, onfarm transportation,
and irrigation. These inputs in the
United States are estimated to be less
than 10 per cent of the total energy
delivered to the crop. Nationally, 3.8
per cent of all corn acres were ir-
rigated in 1970. In Minnesota, this
figure was 0.29 per cent in 1969.

Of the additional inputs and
energies applied to American corn
over the years, a declining proportion
is ending up in the energy embodied
in the final farm output. An econo-
mist would call this the “declining
marginal productivity of an input,”
and it can be illustrated by experi-
mental data provided by the Agri-
cultural Experiment Station at
Waseca. When nitrogen application
to corn was increased from 50 to
150 pounds per acre, yield grew
from 122 bushels per acre to 136
bushels. When the fertilization rate
was again increased, this time to
250 pounds per acre, yields in-
creased very slightly to 138 bushels
per acre.

Of course, the fact that an input
is returning less yield at the margin
does not insure that its usage will be
curtailed. Inputs are chosen by
considering both their economic



and productive returns. If corn is
worth $3 per bushel and nitrogen
cost 15 cents per pound, a farmer
whose land yields 100 bushels per
acre when 100 pounds of nitrogen is
applied will be left with a gross re-
turn of $285 after paying for his
fertilizer. If the farmer knows that,
by doubling his nitrogen, he can
increase his yields by 30 bushels
per acre, he will want to apply
this additional 100 pounds of nitro-
gen. His new gross return after
fertilizer costs are paid will have
risen to $360 per acre. The 30
bushel-per-acre increase in yields is
worth $75, even after the fertilizer
is paid for.

Now suppose that the price of
natural gas is deregulated and mar-
ket forces push the price of nitrogen
to 50 cents per pound. Assuming
that other prices have remained the
same, the return above fertilizer
cost at 100 pounds per acre is now
$250. When the nitrogen application
rate is again doubled, the return is
$290. With higher nitrogen costs, the
added value from the heavier nitro-
gen application is only $40, down
from $75. This illustrates the power
that input prices have over their
usage. As input prices rise, their
marginal value falls, and if the
price becomes high enough, sub-
stitutes become attractive. However,
given present prices and continued
healthy demand for corn, there is
no incentive for farmers to conserve
energy by reducing output.

Heducing agriculivra
age in Minnesota field
duction

U.S. corn production is estimated
to yield about three times as much
energy as it presently requires. Min-
nesota nitrogen usage for corn is
about the same as the national corn
average tor 1970, while phosphorus
and potassium applications are high-
er. More corn is dried in the state,
but very little of the acreage is irri-
gated.

When inputs are totaled and the
efficiency ratio is computed, Min-
nesota corn production in 1970 ap-
pears to be about 50 percent more
cfficient than the national average
for the same year. In 1970, Min-
nesota consumed 1022 x10'?> Btu
of energy. Of the energy used for
corn production in Minnesota, the

amount used for implement fuel,
irrigation, electricity, and LP gas
in the corn crop amounted to 0.92
per cent of the state’s total. Other
agricultural energy inputs are “im-
ported” in their finished form and
do not draw from the state’s energy
budget. For this reason, they are
omitted from the calculation.

In the preceding discussion of
specific inputs, energy-conserving
methods which do not affect output
were mentioned. When these prac-
tices are followed, considerable effi-
ciency is gained with no loss of fi-
nancial return. Of course, a combi-
nation of all these methods has yet to
be evaluated in a real agricultural
setting, but the theoretical gains are
promising. Using the full set of ener-
gy-savingmethodspresently available
at no additional capital costs, it ap-
pears that Minnesota farmers can
realize a 40 per cent gain in overall
energy efficiency with no loss of out-
put. As energy prices continue to in-
crease, this conservation would re-
sult in increasing economy of opera-
tion and higher profits.

These examples should give a
notion of the complex interactions
between prices and profitable agri-
cultural management. The farm is
like a small manufacturing firm
which faces both changing demand
and variable prices for productive
inputs. Not only must the farmer
decide between various crops, he
must decide on a particular manage-
ment technique for each variety.
Energy-conserving management will
be implemented only if it offers a
real financial advantage. Even if
profits are maintained. energy sav-
ings which also reduce yields will
reduce the flow of foodstuffs trom
the farmer to the consumer. This
would tend to drive food prices to
higher levels. increase inflation, and
reduce the quantity ot protein mark-
ed for export.

Four factors largely determine
the types and amounts of fuels used
in producing the agricultural output
of any region. They are: (1) the
amount of land under cultivation;
(2) the amount of land devoted to
each of the various crops; (3) the
level of mechanization and tech-
nology employed by an area’s farm-
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ers; and (4) input and output prices.

Minnesota has about 50 million
acres. Roughly three-fifths of this
land is in farms, while the majority
of the remaining area is forested. Of
the farm land, the amount under
cultivation has varied between 15
and 20 million acres during the last
25 years. Agricultural energy ex-
penditures are usually figured on a
per-acre basis. As the amount of
land under plow increases, so
does the total energy requirement.

The six major crops grown in
Minnesota are field corn, soybeans,
wheat, barley, oats, and hay. Each
crop requires varying amounts of
energy for its successful cultivation,
and each yields varying amounts of
energy (calories) and utilizable pro-
tein. Both the total land devoted to
crops and the amount of land assigned
to each depend on a complex re-
lationship between input costs, input
availability, effective demand for
each crop. and past patterns of agri-
cultural practices. These economic
constraints work within a larger
milieu whose elements include na-
tural soil endowment, length of
the growing season, topographic
contours, and rainfall. Despite the
large degree of technological man-
agement which has been brought to
Minnesota agriculture, no human
activities can effectively hedge
against wind, hail, flood, and
drought. This sobering fact should
temper those who feel that plentiful
inputs and large demand for outputs
guarantee a bountiful harvest.

Between 1940 and 1974, the
amount of Minnesota farmland
planted in the six crops has increased
from about 16 million to over 20
million acres. The amount of land
committed to wheat and soybeans
has increased the most, tfollowed by
a steady increase in the acreage of
field corn, the state’s biggest cash
crop. Aside from idle land recently
brought into production, much of the
new plantings of corn, wheat. and
soybeans have displaced land once
devoted to oats and hay.

Since the workhorse has nearly
vanished from rural Minnesota,
tractors are providing the power
for ground preparation. planting,
cultivation, and harvesting. From
the 72 million gallons of gasoline
used in Minnesota in 1940, the
gasoline budget for these six crops
has almost doubled to 136 million
gallons for 1970. While these figures



scem  huge, the entire state used
over 1.9 billion gallons of gasoline
in 1970. Thus, crop production uscs
only about 7 per cent of the total
amount (figure 1).

That portion of rural electricity
going to farms is difficult to estimate.
Not only are data lacking for elec-
trical usage by Minnesota farmers,
but it is very difficult to assign that
portion of the state’s eclectrical
gencration which aids in crop pro-
duction. An estimated 2.2 per cent
of all electricity in the United States
is used in farming. Since Minnesota
has a large agricultural commitment,
3 per cent has been used to calculate
the state’s portion of electrical
cnergy destined for agriculture. No
attempt has been made to separate
this total farm clectrical budget
into its crop and livestock com-
ponents (figure I).

Liquified petroleum gas (LP gas)
represents a surprisingly large per-
centage of the nation’s farm fuel us-
age, varying between 13 and 15 per
cent of the total farm fuel use be-
tween 1969 and 1974, These figures
not only represent LP gas used for
crop drying, but also include gas
usced for tractors, brooders, farrow-
ing houses, and other portable and
permanent  heating  facilities.  In
1970, LP gas for crop drying (mostly
corn) used 3.2 per cent of the LP
gas used in the state, or 0.1 per cent
of the state’s total energy usc (figure
1).
When these figures for motor
fuels, clectricity, and LP gas are ag-
gregated, an estimate of the total
energy budget for Minnesota crop
production can be made. When
these totals are compared with the
total energy used in the state, that
pereentage of energy devoted to
crops can be estimated. The 7.9 per
cent figure for 1940 reflects the
highly agricultural nature of the
Minnesota economy 35 years ago.
Despite the lower level of tarm
mechanization atthe time, agriculture
then used almost 8 per cent of all
energy used in the state. Since 1970,
the proportion of the state’s cnergy
going to crop production has re-
mained at about 3 per cent. When
the value of the state’s agricultural
output is considered, the economic
and social returns of the fuel used by
Minnesota farmers seem large when
compared to the quantity of energy
they consume.
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Gasoline, diesel fuel, electricity,
and LP gas used by Minnesota
farmers are the four necessary agri-
cultural inputs which come out of
the state’s energy supply. Chemical
fertilizer materials, essential for con-
tinuing farm productivity, also
represent large quantities of energy,
even though they are produced else-
where and do not figure into the
state’s primary energy use. Between
1955 and 1970, Minnesota farmers
increased their use of nitrogen (N)
10 times and their use of potassium
(K205) and phosphorus (P,0O)
about five-fold. When the state’s
fertilizer usage is converted to en-
ergy expenditures, the amount of
energy required to fertilize the
state’s crops is about equal to that
of gasoline, electricity, and LP gas
required to farm the crops (figure 2).

Traditionally, land and labor pro-
ductivities have been the “yardstick™
used to measure the efficiency of
American agricultural enterprises.
However, when energy utilization is
under consideration, a ratio can be
made between the caloric energy in
the crop output and the fossil fuel-

based energy of the inputs employed
in production. This ratio measures
the average energy productivity of
the inputs. For the six Minnesota
crops, this ratio has been falling
over the years, indicating that less of
the input energy is ending up in the
crop output despite rising per acre
productivities.

If Minnesota’s agricultural output
is to continue to expand, increasing-
ly large amounts of energy can be
expected to aid in the process. The
established trend to subsidize agri-
cultural production with mechanical
and technological innovations will
only increase farmers' dependence
on nonrenewable fossil fuels. Especi-
ally crucial is the reliance on natural
gas for agricultural nitrogen. Natural
gas production in the United States
has probably peaked, and as various
interests vie for the product, high
prices and supply “crunches™ can be
foreseen. If the farmer cannot pass
his increasing input costs along to
the consumer, he loses incentive to
expand his operation. If the con-
sumer must continue to expend a
larger proportion of income on

food and fuels, discontent, especially
in an inflationary era, is certain to
continue.

There is a need for more infor-
mation about the interplay between
agricultural output and energy usage.
Agronomists must continue to ex-
plore the relationships between out-
put and energy inputs. The possible
gains through fertilization, irrigation,
and multiple cropping need to be
examined in light of potential energy
availability. Agricultural economists
must study the marginal costs and
benefits of various cultural practices
to insure growing productivity and
economic prosperity.  Statisticians
working for the U.S. Ccensus, the
U.S.D.A., and the State Crop and
Livestock Reporting Service must
gather data showing the actual end
uses of energy in agriculture.

All the data in the world, how-
ever, will be of little value unless
strong commitments are made at the
national and state levels to formulate
comprehensive programs of energy
conservation. Future generations
will greet feast or famine depending
on what is done now.
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