
Progressive Agriculture in Arizona,
Volume 29, Number 2 (Spring 1977)

Item Type Article

Publisher College of Agriculture, University of Arizona (Tucson, AZ)

Journal Progressive Agriculture in Arizona

Rights Copyright © Arizona Board of Regents. The University of Arizona.

Download date 16/05/2023 13:51:59

Link to Item http://hdl.handle.net/10150/294731

http://hdl.handle.net/10150/294731


.



On the Cover...
A maelstrom of foodstuffs and people whirl, as Tucson artist
William Gonzales depicts the worldwide struggle of man to feed him-
self, his progeny, and to plan for generations unborn. His cover
is the setting for our opening story which seeks to answer, "Can
we feed the 6 billion people who will soon inhabit this planet ?"

In This Issue...
We discover that a prominent agricultural economist
is not a pessimist about feeding a world with 6 billion
people, but he's not an eternal optimist either. Precision
planting of vegetables would solve a lot of problems,
especially for lettuce farmers, but the bugs aren't out yet.
The bugs may be out of Arizona cotton fields, if nectari-
less cotton can really cure the pink bollworm problem.
The president of Arizona Feeds thinks agriculture can
survive if it hangs together- otherwise its parts will hang
separately. And Arizona cattle growers might possibly
turn a tidier profit, if they follow some guidelines set up
in this issue. Finally, "Research Notes" takes a new direc-
tion with short descriptions of some of the work represen-
tative of what's being done at the College of Agriculture.

Editor's Note:

With this issue we begin the first of a series of guest
essays by persons with experience in Arizona agriculture.
Any opinions expressed in these essays do not necessar-
ily reflect those of "Progressive Agriculture In Arizona,"
The College of Agriculture, or the University of Arizona.
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Food Enough For All
(For tie t berg)

by Jimmye Hillman*

Will there be enough land to feed and clothe the world
properly? Depending on one's level of social perception and
on his commitment to economic logic, there are a variety of
answers to that question. The extreme answers are: (1)
there has never been enough land, and (2) there has always
been enough.

Many of us who are committed to the logic of economics,
in the train of Adam Smith, David Ricardo, and more recent
so- called land economists (now resource economists), have
often been fascinated by the economizing exercise (allocat-
ing scarce resources to competing ends) when applied to the
land factor. In particular, I often become engrossed as a
traditional- economist (I don't classify myself among the pro-
fessional resource economists) in the argument over the
demand for and supply of land. The latest dimension, of
course, is the current spate of land use proposals, legisla-
tion, and regulations.

I shall be more concerned with the generic argument over
land supply for future food and fiber needs rather than

*Head, Department of Agricultural Economics

specific quanta on acres, hectacres, and man -land ratios.
My theme is based on the notion that man has the ability and
intelligence to lessen his dependency on cropland and tradi-
tional agriculture, thereby reducing the real costs of produc-
ing food despite current population growth (8). The more
pessimistic view holds that limited land area and/or a declin-
ing land resource base relegate man to decreasing food
potential and a lower living standard. I find it ironic that
economics, long labelled the dismal science, needs demon-
strate that a bleak outlook for food is incompatible with
economic phenomena and behavior.

There are two facets to our topic that address the food -

population equation: world population, which in our case is
the nominal figure 6 billion; and the resource base, which in
this instance is limited to land. The population side of the
equation will be left to demographers, right -to- lifers, nutri-
tionists, and others. Suffice to say, population phenomena
are highly complex and it is not implied that any serious
treatment of resource utilization can be complete without
dealing with them. My approach, however, will be limited to
indirect commentary on general studies about the world
food supply- studies which have been conducted in the past
several years.



Before beginning that commentary, a brief digression on
economic analysis and the population statistic seems appro-
priate. In the past, too many economic studies on demand
for food and fiber treated the population statistic as a
"given," an independent variable. This treatment caused no
little mischief and misunderstanding because the dynamics
of interaction between variables never seemed to emerge.
Population was always a "cause" in the equations built,
beginning with a 1920s methodology.

It wasn't until relatively recently that the importance of the
interaction became so apparent. We have learned that popu-
lation is not a static, sterile statistic, but instead is like other
variables in an economic equation, dependent on a host of
factors, both obvious and subtle. Population cannot be
treated as a secular variable, a natural phenomenon ordain-
ing change, without itself being acutely affected by the other
variables. The current 3.9 billion people of the world, like the
6 billion which will likely occur sometime before the year
2000, will be greatly dependent on what happens in a
dynamic sense with respect to other factors, including their
own institutions.

The Food Situation, 1977
Several major studies of the world food situation have

been conducted since the unusual circumstances that began
in 1972. The May 9, 1975, issue of Science magazine was
devoted entirely to the general subject of food. It encapsu-
lates some of the results of those studies (3). Some general
conclusions have come from these studies and from all the
efforts of international, national, state and local, and private
organizations. For sake of brevity, I shall construct and
enumerate my list of major conclusions. Those who are in-
terested in more detail might go to the studies themselves
which are documented liberally in Science.

1. The tight food situation of 1972 -1975 resulted from a
combined series of anomalous events which are not likely to
reoccur, in a statistical sense, in the near future.

2. Recent agricultural production problems were
compounded by rapid economic growth around the world
reduced capacity in the fertilizer industry, high energy and
petroleum prices, rapid inflation, and major monetary
adjustments.

3. Two principal food problems that have been evident for
25 years surfaced dramatically in 1972 -74: the increasing
grain import needs of the developing world and the unpre-
dictable, but increasingly large, grain purchases by the state -
planned economies.

4. Past trends, if sustained, indicate that surplus food
production in developed countries will match food deficits
in developing countries. But transferring of mass volumes
of food internationally on concessional (food aid) terms
involves conditions, such as depressing investment in
production agriculture in recipient countries which seem
undesirable.

5. Inadequate productivity and low incomes usually result
in malnutrition. To correct this problem incomes must be
increased. But marginal amounts of food might have to be
sent to the malnourished in the near future.
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6. Some form of food stocks are necessary for emer-
gency relief, to cover shortfalls in production in developing
countries, and to buffer unexpected and preventable disrup-
tion in supply.

7. Elimination of international trade barriers must be part
of any worldwide campaign to solve the fundamental na-
ture of food and nutritional problems.

8. Ultimately, countries or homogeneous geographical
regions must produce a large part of their own staple

foodstuffs. Imports, whether by way of commercial exchange
or by food aid, may play a vital role, but domestic resources
must be made to produce more fully for domestic needs.

9. There are sufficient resources to increase food produc-
tion substantially in the next 25 years. Land, labor, water,
fertilizer, technology, and other forms of capital are avail-
able to increase production and buy time while problems
connected with population numbers and malnutrition are
dealt with.

Let us now turn to the topic of land and its use. Before
doing so, a few remarks of food production and availability
will facilitate an understanding of the context of that discus-



sion. It occurs to me that in conventional literature and de-
bate not enough emphasis has been placed on increasing
food supplies by, what I shall call here, "changing the mix."
Methods of increasing the food supply through area expan-
sion and /or yield increases have dominated our thinking.

If more food must be produced and made available, there
are many other means to do it. A small list will suffice: more
direct consumption of grain, increasing the palatability of
now unpalatable foods, conservation of food through better

marketing and preservation, increased harvest, improve-
ment of retrieval and prevention of deterioration, and many
others. These points buttress and overlap with familiar points
made about the farmer's share of the consumer's dollar, the
fraction of personable disposable income spent on food, and
the energy costs involved in the food bill in various countries.
In sum, there is tremendous elasticity in the amount of world
and U.S. food and a great flexibility in diets, as economic
growth takes place.

Nature of the Land Factor
Land economics is complicated by the many ways people

view land. A basic approach is the idea of land as space. In
this country,and other capitalistic -type societies, there is also
the land -as- property- rights issue. Then, there is what I term
the "physiocratic" mentality with respect to land. Included in
my physiocratic syndrome are not only those who hold, as
did those French philosophers, that land accounts for the
generation of all economic activity, but also those who hold
that land holders, farmers, and lovers of the bucolic life
are somehow more productive and "superior" to their city
brethren.

Resource economists emphasize land as function which
is economically akin to biologists who view it as process.
Modern capitalism has treated land as a commodity, as sec-
urity against inflation, and even as an object of speculation.
While recognizing these as legitimate concerns of the
economist, the balance of my remarks will be limited gener-
ally to land as a recipient of a functional share of national
income when used as an agricultural input, and to the gen-
eral outlook on land needs.

When I was a boy in the 1930s on a very small, general
purpose farm in southern Mississippi (what economists now
call a peasant or subsistence farm in developing countries),
the principal ingredients of production were land, man, mule,
and Georgia -stock plow. The principal expenses were land
taxes and the mule. The value of my labor was marginal, as
alternatives for my time were almost nonexistent and as the
market price of farm output was very low. Modern technol-
ogy, particularly the fertilizer revolution, had not arrived. It
was man, mule, and land. To the land was attributed that
share of productivity commensurate with its capabilities.
And, since labor was cheap, much of our time was spent
in those soil -building, soil- conserving, and soil -reclaiming
activities of the early New Deal farm programs.

Since moving to Arizona in 1950, I have witnessed the
amount of cultivated land remain stable at about 1,200,000
irrigated acres while production has soared in diverse ways.
I have said nothing of costs and profits, simply the observa-
tion about substitutability of other components of production
for land. Most economists can appreciate the importance
attached to land as a factor responsible for increases in
output. Its quantity, its quality, its flexibility in the production
equation have always been of great significance. Since
World War II, however, farm land has declined relative to all
factors in the production equation, except farm labor.

Table 1 shows the use of selected components from
1950 -1973. With 1950 as a base year (1950 =100), the use
of fertilizer and liming materials increased by 288 percent.
Use of mechanical power and machinery increased by 30
percent and all other inputs by 61 percent. Farm real estate
use decreased by 9 percent, and farm labor decreased
much more. During the same 24 -year period, total farm pro-
duction increased by 58 percent.

We should distinguish total cropland from land actually
used for crops, a distinction not always understood by the
layman. This distinction is important when we try to make
sense out of our own land use statistics, as well as those of
international origin. Thus, Heady and Timmons observe that
although United States' cropland has remained practically



Table 1. Quantities of selected farm imputs, 1950 -73 (1950 = 100).1

Year Labor
Farm

Real Estate
Mechanical Power

and Machinery
Fertilizer and

Liming Materials All Other Inputs
1950 100 100 100 100 100
1951 100 101 107 113 104
1952 96 100 112 123 107
1953 92 100 114 131 106
1954 88 100 114 135 107
1955 85 100 115 140 110
1956 80 97 116 138 113
1957 75 97 115 144 111
1958 72 95 115 148 117
1959 70 95 116 168 123
1960 67 94 114 169 123
1961 65 94 112 180 128
1962 62 94 114 194 131
1963 60 94 114 218 134
1964 58 95 115 237 137
1965 55 94 118 249 139
1966 51 93 123 281 143
1967 50 94 124 312 147
1968 48 93 127 335 151
1969 47 92 127 344 155
1970 45 92 125 354 158
1971 44 91 128 377 157
1972 42 94 127 376 162
19732 45 91 130 388 161

11973 Handbook of Agricultural Charts, Agricultural Handbook No. 455, U. S. Dept. of Agr., October 1973.
2Preliminary figures.

constant for a quarter of a century, the land actually used in
crops in 1972 declined 14 percent from the all -time high of
387 million acres in 1949 (4).

The decline of over 50 million acres included land idled
under federal land retirement programs in an effort to lessen
surplus production of food and fiber. Federal farm programs,
by making land "scarce," resulted in increased yields on
allotted crop acres. But it had one questionable side effect:
the price of farm land increased. In effect, farmers used
production payments to increase yields on the remaining
crop acres that they were allowed to plant and harvest. They
did so because prices were maintained at above market -

equilibrium rates. This encouraged yet more production, and
so on. Benefits of farm programs were ultimately capitalized
into farm real estate values. Because of that, the programs
of land manipulation soon lost their effectiveness in improv-
ing farm incomes.

It will be interesting to follow what happens to land as a
factor in the farm production equation now that idled acres
have been called back into production and as the abandon-
ment of farm programs of the 1950s and 1960s create more
changes.
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Facts demonstrate that cropland and land planted and
harvested, far from being a static factor in our macro -

equations on population and food supply, is a dynamic vari-
able, responding to all the economic impulses which bear
upon it. Hence, if there is any message which I should like to
pass on from my experiences, personal as well as profes-
sional, it is that farm land, like other economic phenomena,
should be analyzed critically. It should be treated neither as
an inanimate mass incapable of response, nor as an object
of fatuous speculation or miserliness. Both attitudes lead to a
level of productivity well below what nature has provided for
or, perhaps, intended.

Land Rent
As you have perhaps noted, there is a theme of optimism

running through my comments with respect to the land fac-
tor. Buttressing that optimism are studies on land rent (pay-
ment in cash or other values for use of the land) which show
that for 150 years or more agricultural rents as a percentage
of distributive shares of national income have been declin-
ing. Ricardo, at the beginning of the nineteenth century, de-
veloped a theory that population growth and shortage of land

Table 2. Income, food costs and farmland rents (8).

Amounts
(bil $)

1930
Relative to:

Amounts
(bil $)

1972
Relative to:

Income Food Costs
(°/O) (°/O)

Income Food Costs
( %) ( %)

Disposable income 75.0 100 797 100
Retail costs of U.S. farm foods 16.0 21 100 116 14.6 100
Farm value of these foods 6.3 8.4 40 39 4.9 34
Farmland rent 1.3 1.7 8 5.8 0.7 5



will force up the share of land rent, resulting in no money to
finance industrial growth. His prediction of economic stagna-
tion was not correct, neither was his prediction about the
increase in the share of rent of land. In the European agricul-
tural society at the end of the eighteenth century, 30 percent
of national income went to land rent (7). At present, it is not
more than 2 percent. Studies in Britain and the United States
disclose that distributive shares for all rents of 12 and 16
percent, respectively, at the beginning of this century de-
creased to less than 5 percent of GNP fifty years later. And,
less than 2 percent in both cases is attributed to the land
rents (2). But there still tend to be many rural and urban folk
who are inclined to exaggerate the importance of land rent.

Why, then, is there this sharp drop in the share of land
over the years? In the first place, it must be kept in mind that,
though there has been some growth in land quantity, the net
ultimate effect has been a reduction due to buildings, roads,
and other uses. Hence, agricultural land, which plays an
ever -smaller share of the production process, receives a
relatively ever -smaller share of the total income pie. A
second reason relates to the fact of substitutability of
other factors for land as its price increases, and vice versa.
In the case of a constant amount of land and growing

ir.

amounts of labor and capital, a high substitutability for land
by other factors will entail a declining share to land. A third
explanation is that production agriculture, or farming, re-
ceives a declining share of national income relatively as
nations industrialize. Agricultural income as a percentage of
total income in most heavily industrialized countries is below
10 percent and in the case of the United States is below 5
percent. This is another way of saying that the advance of
capital -using technology has been land- saving as well as
labor- saving. Finally, in some cases, governments have
intervened to control agricultural rents, preferring to subsi-
dize agriculture directly from their treasuries.

Despite a high rate of substitution, a shrinking agricultural
sector, and land- saving technology, some local situations
have occurred in which rents and prices have increased
quickly. In such cases subsidies and /or tax policies have
been used in a direct way to prevent rents from becoming
even higher.

In the United States presently farmland rent accounts for
only 5 percent of retail food costs and has been declining,
percentage -wise, over time (Table 2). Ted Schultz explains
"...that farmland rent is less than 1 percent in relation to our
disposable income. And, it should be kept in mind that a
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substantial part of this farmland rent is a return on the in-
vestments that have been made to improve the soil. In Great
Britain, from data now available, the farmland rent, including
building and land improvements, accounted for 40 percent of
the total factor costs in agriculture in 1885, and by 1965 it
had declined to 9 percent" (8).

For years Schultz has been emphasizing the importance
of human capital, agricultural research, and modern inputs
as ways to increase the world's supply of food. Harsh raw
land is what farmers have started with from the beginning of
time, he points out. And what are now highly productive
lands were, originally, very poor in quality.

Cropland Needs for Six Billion People
The question of land adequacy has been controversial for

decades. Wars over territory and space have been waged
for centuries. Critical economic analyses have been focused
on land needs, land productivity, and land economics since
World War II. A path- breaking effort in land economics was
made by Sir Dudley Stamp, who, with his 1950 Pattern
Foundation Lectures entitled Land for Tomorrow (9), set the
stage for more thorough examination by others, especially
the Food and Agriculture Organization of the United Nations
(FAO). Stamp, one of the world's foremost authorities on
land use, concludes that in this time of crises (defined by a
decreasing mortality rate and rising birth rate not balanced
by food production), improved land use in the middle
latitudes holds the key to success. Abolition of trade
restrictions to distribute food to other parts of the world is
part of his solution. He strongly advocates a total world
survey of land use and land potential that would lead to more
meaningful cultivation in all regions. After carefully examin-
ing man's technical progress in farming, Stamp is cautiously
optimistic about man's ability to feed himself, but predicates
his optimism on our willingness to exploit our capabilities.

Like many other analyses since his, Stamp's thesis used
land as the fulcrum. He placed his hopes on temperate zone
farming, at least for the short run. The United States'
capacity to produce is the subject of periodic surveys.
Additional land has been brought back into cultivation since
1973 (estimates suggest more than 50 million acres) and by
1985 we can expect 25 -30 million more acres of cropland
bringing the total to about 385 million acres. With crop yields
for corn and soybeans increasing about 20 to 25 percent in
the next decade, all -out production could produce 9 billion
bushels of corn and 450 million bushels more soybeans by
the mid- 1970s. Other feed grains, wheat, and even cotton
production could show sizable increases.

I hasten to say that this jump in production is based on
some very important assumptions: (1) normal weather -
which is to say favorable weather, (2) no unduly restrictive
land use programs, (3) sufficient supplies of energy at
reasonable prices, and (4) market prices for farm products
which will encourage farm investments. I have no doubt but
that under the proper market conditions total output can be
increased substantially.

Various analyses, partial and total, with respect to the
world's land capabilities come to the same general conclu-
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Table 3. Actual and potential production for four major crops.'

Corn Soybeans Feed Grains Wheat

Pro- Pro- Pro- Pro -
Acres Yields duction Acres Yields duction Acres Yields duction Acres Yields duction

Years (mil) (bu /a) (bil bu) (mil) (bu /a) (bil bu) (mil) (t /a) (mil t) (mil) (bu /a) (bil bu)

1969 -71
average 58.7 82.2 4.8 42.1 27.4 1.2 100.4 1.18 182 46.1 31.9 1.5

1972 53.3 96.9 5.6 45.8 28.0 1.3 94.1 2.13 200 47.3 32.7 1.5
1973 61.5 93.8 5.8 56.2 28.5 1.6 102.4 2.05 210 53.7 32.2 1.7
1980 73.7 109.5 8.1 64.1 32.0 2.1 114.7 2.47 283 62.3 34.5 2.2
1985 75.5 120.0 9.9 65.7 34.5 2.3 115.7 2.72 315 62.3 36.6 2.3

Percentage increase in
potential production in
1985 over 1969 -71 average 53 52 58 65
I Adapted from Heady and Timmons (4), and from The Farm Index, Economic Research Service, USDA, Vol. XII, No. 12.

sions I have expressed and which I read into Stamp's
theory. One hastens to add that in most studies water is as
constraining a factor as land space as regards increased
production. Studies at Iowa State University have consist-
ently been in the forefront in demonstrating potential
production of food in the United States. Reference is made
again to the Heady and Timmons paper (Table 3). Given the
assumptions mentioned, average production in 1985 as
compared to the 1969 -71 average could increase 53 percent
for corn, 52 percent for soybeans, 58 percent for feed grains,
and 65 percent for wheat. These estimates provide some
general ideal of the magnitude of U.S. farm potential in the
near to intermediate future. The authors of these estimates
rightly point out that such potentials foreshadow possible
problems for U.S. agriculture if foreign and domestic
demands cannot absorb large increases in our production.

Studies of the land- population balance on a world -wide
basis take on a different tone. W.H. Pawley, long associated
with FAO, emphasizes the potential of the humid tropics and
irrigated areas to feed increasing numbers, possibly 36
billion people a hundred years hence. He bases these hopes
on the assumptions that (1) techniques have been found for
continuous cultivation of the soil in the humid tropics after
the tree cover has been removed, and (2) desalinization
costs for sea water will be economical and that power will be
cheap enough to pump the water hundreds of miles and lift it
to considerable heights (6). Both are heroic assumptions.
Perhaps this is why most of us tilt toward Stamp and others
who place more hope in production increases in traditional
midlatitude areas of farming. Pawley, however, is not
gushing with optimism. In fact, he is pessimistic and states
categorically that it is a fundamental mistake to link the
population question primarily to food supplies. He is more
concerned that unemployment, low productivity, and slow
growth will lead to chaos in areas such as India, even though
it may be possible to provide food for bare existence.

One other interesting analysis should be mentioned.
Dutch scientists recently completed a study entitled "Corn -

putation of the absolute maximum food production of the
world" (1). They classified the world into 222 broad soil re-
gions based on soil conditions and topography. Production
results were expressed in grain equivalents and, therefore,

7



have only theoretical and physically- scientific value. Under a
variety of broad assumptions, they calculated theoretical
maximum production at 30 times present world production.
The authors hasten to say that, while such large increases
are possible, they " ... can never be obtained in practice
because of economic, social, or political limitations."

In a sense we are running out of land. But man, the biolog-
ical, economic and social animal, has always been running
out of land; spatially, economically, and politically. In the
economic sense I want to emphasize that there is a supply
price (a rent) required to bring additional land into produc-
tion. Much discussion (including that surrounding the "idle"
acres in the U.S. of the late 1960s) implies that, since there
is more land out there somewhere that is potentially cultivat-
able, it will automatically, and at zero, or low cost, come into
production. This thinking is dangerously misleading, even
though there is lots of land in the world that can be brought
into cultivation. Clearly, sizable investments may be required
in many instances and much of the land brought in will not be
initially as productive as land now in production.

Considering the above caution, I ask you to remember my
optimism built around the proposition that the relative
economic importance of farmland declines while human
capital (skills and knowledge) rises with economic growth
and the modernization of agriculture. The point is that
technical progress produces contrary results because the
forces that lead to the results are each other's opposite.
Good economics is capable of explaining even contrary
results. Theory is for explaining what happens. But predict-
ing certain matters, for example income shares, is presently
beyond our capabilities.
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The Nectar
Of the Moths...

NECTARILESS
COTTON

...Is aThing
Of the Past

by Richard L. Wilson
and F. Douglas Wilson*

Arizona's pink bollworm community is all a- buzz -or,
perhaps, all a- flutter would be more accurate -over news
that a change in their diet can reduce their numbers by as
much

Normal cotton plants contain nectaries, organs that se-
crete a liquid high in sugar, organs that supply nutrient to the
pink bollworm moth, organs that provide 9 -10 million feeding
sites per acre in the average cotton field for adult pink boll-
worms and other insects.

The nectaries are found on the undersides of leaves and
at the base of bracts that surround the fruiting parts of the
cotton, including the squares, flowers, and bolls.

What's happened is this: Plant geneticists have found a
way to eliminate those nectaries -every last one -and thus
have removed the sugars needed for maximum egg produc-
tion by the pink bollworm moth. Eggs do get laid of course,
but without the sugar the moths just aren't up for big produc-
tion numbers.

You could say, with some justification, that they're off their
feed.

Field tests in 1974, 1975, and 1976 on nectariless versus
nectaried cotton proves the point. In 1974, we compared 40
acres of an experimental strain of Deltapine 16 nectariless
cotton with an equal area of nectaried Deltapine 16 at Bruce
Church Farms near Parker, and both plots were sprayed for
pink bollworm control according to the grower's schedule.

In 1975 and 1976 we grew five acres each of nectaried
and nectariless Deltapine and Stoneville types at Tempe. No
insecticides were applied.

The results of the testing showed the number of pink
bollworms found in green bolls on nectariless cotton de-

Research entomologist and research geneticist, respectively, United States Dept. of Agricul-
ture Agricultural Research Service, Western Cotton Laboratory, Phoenix.



clined by 58 per cent at the Parker location and by 46 per
cent and 48 per cent respectively in 1975 and 1976 at
Tempe (see Table 1).

Seed x -rayed from the tests showed damage reduced at
Parker by 39 per cent in the nectariless cottons, by 39 per
cent at Tempe in 1975, and by 44 per cent in the Deltapine
strain and 23 per cent in the Stoneville in 1976.

Also encouraging is the yield of the nectariless strains,
which usually exceeded that of the nectaried plants.

At Parker, the nectaried did exceed the nectariless strain
for yield, but this was probably because the nectariless strain
we used didn't have the yield potential of which Deltapine 16
is capable.

At Tempe, the 1975 results were not appreciably different
between nectaried and nectariless strains, but in 1976 the
nectariless plots of Stoneville and Deltapine outyielded the
nectaried plot.

In short: bolls of nectariless cotton contained fewer pink
bollworms; seeds sustained less damage; improved strains
of nectariless cotton yielded as well or better than their nec-
taried counterparts.

Nectariless cotton will probably not eliminate the need for
insecticidal control of pink bollworms, but it should reduce
the amount needed. Large -scale use of such strains would
not only diminish pink bollworm and other insect -pest
populations during the growing season, but would also
reduce the overwintering populations and thus the overall
populations the following year. Conceivably a grower could
use less insecticide on his cotton because he could start
treating later and treat less frequently during the season.
Nectariless cotton could also be an important component of
an integrated control system in which several methods
rather than a single one are used to reduce or eliminate
populations of unwanted pests.

NECTAR GLISTENS at the base of bracts on a young boll of
nectaried cotton (below), while the relative hairlessness of the
nectariless leaf (top right) contrasts with the hairy and nectar -
bearing leaf of the standard variety (middle right). Table 1.

Response of 3 nectariless cotton types to pink bollworms
in Arizona from 1974 to 1976.

Strain or
cultivar Nectaries

PBW /100
bolls

Damaged
seed
( %)

Lint yield
(Ib /A)

1974 (Parker, AZ)
DPL -16 + 9.9 2.3 2716
DPL -16 N 4.1 1.4 2300

1975 (Tempe, AZ)
Sty 7A + 79.4 30.4 945
Sty 731 N - 43.2 18.6 933

1976 (Tempe, AZ)
DPL -16 + 102.6 35.9 853
DPL -7146 N - 42.8 20.2 1174
Sty 213 + 36.8 873
Stv 731 N - 28.3 1021
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Guest Essa

IT'S HIGH TIME
THAT WE SPOKE
WITH ONE VOICE!

by Bart P. Cardon*

Change is a characteristic of biological systems. It
occurs because of the passage of time. Our basic tendency
is to resist change. We all speak of the "good old days" and
tend to feel that change is bad. But change is inevitable
and need not be bad. In our business life we recognize that
change will occur, so we organize to manage it. This we
call "long range management." Most of our success in
business is dependent upon our skill as long range
planners. All too often, however, in our social and political
life we meet change only as it occurs, we play "fire-
man" and spend too little time on prevention or long
range planning.

Because of the rapid changes occurring in public at-
titudes about technology, particularly agriculture technol-
ogy, I feel that the agriculture and food industry is facing

'President of Arizona Feeds, 1935 graduate University of Arizona, 1946 doctorate U. Cal.
Berkeley, faculty member University of Arizona until 1954.
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two major problems. The first is regulatory over-kill, while
the second is the tendency to permit the legal arm of society
to make decisions on scientific matters.

According to a recent issue of "Industry Week," in 1974
the Congress of the United States passed 404 laws. These

laws had been published in two volumes. During the same
year the regulatory agencies and departments of the gov-
ernment developed approximately 7,500 regulations. These
regulations have been compiled into 38 volumes. Do you
realize the relationship between law and regulation as they
are currently developed by our government? The legislative
branch of our government, which is responsive to the will of
the people, has the specific responsibility of passing laws.
A regulation, however, once developed and approved, has
the force of law. Regulations are not developed by legisla-
tive bodies, responsive to the will of the people, but by
regulatory agencies. Thus, the large share of our laws are
not developed by legislators but by bureaucrats.

I've given you the situation in `74. One indication of
change is the increasing rate with which regulations are
being developed. A recent newspaper article reported as
follows: "No accurate count of the number of government
regulations is available. But the code of federal regulations
fills a 15 -foot shelf. New and amended regulations took up
21,914 pages in the Federal Register last year (1976) ad-
ding up to about 35.9 million words-46 times as long as
the King James version of the Bible." If this trend continues,
it is apparent that there is a threat of regulatory over -kill.

Now consider the second question raised. I would like to
use an example that may be somewhat different from those
with which you are familiar. Modern agriculture is the appli-
cation of science. Science generated by a large group of
researchers. I'm sure you know that all scientists do not
agree. Here, I am not speaking of the average technical
worker but of truly great scientists. For instance, consider
ten researchers working on cancer. If one questioned these
ten researchers about the cause of cancer one would get
almost ten different viewpoints. The differences in view-
points may not be great, but they are real. How have these
differences in viewpoint been resolved? This obviously has
been accomplished by more research.

In one sense science polices itself. Understandably this is
not a perfect method, and mistakes are made. But in gen-
eral if two scientists disagree, they -and often a third
party- through further research, eventually resolve these
disagreements. This method of policing has gone on since
the beginning of science, and the net result has been mod-
em society and the abundance of life we have today.

You are also familiar with the controversy over the use of
many pesticides, herI icides and feed additives that at
some concentration are suspected of being carcinogens. In
1975, the legal staff of the Environmental Protective Agency
examined the testimony presented in hearings on certain
pesticides and, from an analysis of this evidence, de-
veloped seventeen principles which they proposed as a
legal basis for determining whether a chemical is cancer -
causing.The basic law designed to protect the public
against harm from pesticides was good.



But note that the rules promulgated to implement the law
require that the legal fraternity now evaluates scientific con-
troversy. This was not part of the law but was the legal
interpretation placed on the law. In a sense such rules tend
to freeze the relevant science at its present state and dis-
courage further research and development. Many other
examples of this legalistic evaluation of scientific matters
can be listed. Suffice it to say that, for the future of scientific
agriculture and food production, it is essential that scientists
be permitted to make judgements on scientific matters, for
they are the only people qualified to do so.

What can be done about these problems? Over the desk
of the senior editor responsible for Merck & Company
technical publications is the sign: "The problem with com-
munication is the illusion that it has been established." I feel
this is the real problem and indicates the method of cor-
rection. We have a common language in the United States,
but unfortunately the words we use have different meaning
for different groups. Somewhere along the line technical
agriculture lost true communication with the nonagricultural
public. For our society to survive we must reestablish
communication.

The need for research was early recognized in our coun-
try. Abraham Lincoln signed the Land Grant College Act in
1862. The Hatch Act, which established an Experiment
Station in each state, was signed in 1887. Our agricultural
production ability -the greatest of any country in the history
of the world -resulted from appreciating the importance of
science in agriculture.

As agriculture developed, it inevitably became more
complex. When we say scientific agriculture, we truly mean
just that. Scientific disciplines developed, and the science
of agriculture became compartmentalized. Today no one
does research in general agriculture. Currently there are
over twenty scientific societies in agriculture, and the list
will continue to grow.

The structure of the Experiment Station, established al-
most one hundred years ago, permitted communication
among these technical groups and between them and the
producer. However, as this communication increased and
intensified, we gradually lost communication with the non-
agricultural public. Perhaps the best statement of this
problem was that as science developed there was no
single voice for agriculture. When the public asked a
question, they got answers depending upon the technology
contacted. It is not difficult to recognize why we have a
problem today when one considers the impact of these
diverse voices on legislative and public questions about
agriculture. The inevitable result was that the scientists
were gradually by- passed in these discussions and
decisions. The public and the politician turned to groups or
interests that spoke with a single voice.

So scientific agriculture is under public and political
attack today. There is a popular belief that we could solve
all our problems by doing away with scientific agriculture. It
is an astonishing paradox that a large part of the world -
particularly the third world -is looking to this same scien-
tific agriculture as the main hope to prevent mass starvation

in the future. Any reasonable evaluation of our national
needs indicates that we need this technology to produce
food at the level we have in the past. Even more important,
we need an increase in technology if we are to produce
adequate food in the future for our own expanding popula-
tion, let alone help solve the world's increasing food
problems. This world isn't going to be fed by horse and
buggy agriculture. Only scientific agriculture can provide
enough.

As I see it, communication is our real problem. Communi-
cation between technical agriculture and the nonagricul-
tural public is difficult, because agriculture is technical in
nature. Although some simplification of the language can
be made when science is transmitted to the public, these
are scientific problems, and a certain amount of scientific
language is necessary for accuracy. We often hear the
statement, "The public wants headlines and will make up
their minds about the subject based on headlines." There is
a limit to which scientific language can be simplified to
explain the technology and complexity of agriculture. I
believe that communication is a two -way street. If the
members of the public really do feel that they can under-
stand agriculture by reading only headlines, society is in
serious trouble. So is agriculture.

Positive efforts are being made to correct this communi-
cation problem. The Council for Agricultural Science and
Technology (CAST) was formed in 1973 so that all technical
agriculture could be represented by one voice. CAST is a
consortium of the technical societies in agriculture. Its
formation was prompted by the recognition that the scien-
tists -those technologists responsible for developing the
highly efficient system of food production that we have
today -were being bypassed in public and political dis-
cussions about technical agriculture. More than any other
cause, I feel it is lack of communication that has led to the
accelerating proliferation of regulations covering agriculture.

CAST'S involvement and aggressive response to state-
ments that are scientifically ridiculous help. An aggressive
response by CAST to the Environmental Protective Agency's
principles of carcinogencity has probably been a factor in
EPA's retreat from that position. During its less than four
year's of operation, CAST has produced over 65 technical
reports covering wide areas of public and legislative inter-
est. These reports are having an increasingly important im
pact upon the legislative process in the area of food and
drug laws and in public attitudes about scientific agriculture.

But it's a big job. It is insufficient just to contact legislators
and the officials of the regulatory agencies. We must
convince the public, and this will require a monumental
communication job. In one sense, the people in agriculture
are a minority group. Less than 5 percent of the U. S.
population live on farms. Less than 2 percent of the
population is directly engaged in the production of food
and fiber. To get the job done, we must organize.

As pointed out above, the scientific community through
CAST has organized for this effort. I feel it is time now that
the production and the agribusiness section of agriculture

(Continued on back cover)
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LETTUCE
BE
PRECISE
Steps towards putting
vegetables right where
you want them

by George Sharples and Joe Gentry*

One of the first things agricultural scientists did to elimi-
nate the expense and backbreaking labor of thinning vege-
table row crops by hand was to coat the naked seeds to
increase their bulk.

This permitted the seeds to be handled by the rather
clumsy fingers of special mechanical planters and placed in

the ground at designated intervals.
This worked nicely enough, but it didn't solve the problem

of getting the seed at just the right depth in order that the
seedlings not be thwarted in their rise to the surface by the
crust that commonly forms on Arizona soils after a rain.

One solution to that problem came from R. E. Rothfelder
of California Zonolite Corp. who hit on an idea; using seed
tablets about the size of a fat quarter (3/4" in diameter by 1/4"
thick), we have found we can provide the seed with nutrients
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THE MEN and their machine (Sharpies on left, Gentry on right).
The seed tablets are contained in the dual plastic pipes, and
placed alternately in two rows. The tablets are by Sharpies, the
machine by Gentry.

to help it grow, fungicides to protect it and, in the vermiculite
tablet itself, a material that will not crust after rain.

What happens is this: The tablets containing one seed

each are stacked in the planter to be pulled along the sur-
face. As a device pushes each tablet out, a packing wheel

tamps it flush with the soil surface.

FROM LEFT to right are: naked lettuce seed, coated lettuce seed, and ° ° °r! tah! °tc
*Horticulturist, and associate agricultural engineer, respectively



SEED TABLETS -The trick is getting the seed in the right place within the tablet to insure successful germination. The
next step -for commercial users of the tablets -is to perfect a device that can handle thousands of tablets at a time.
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ORDERLY ROWS of precision- planted lettuce thrive at the Mesa Branch Experiment Station. Precision planting removes the need for
thinning the plants, permitting them optimum room to develop.

And it all works very nicely. But.
First the good news. The seed tablets did perform very

well in most cases.
In the initial tests with lettuce in sprinkler irrigated fields the

tablets were planted on edge. Seed which germinated 95 -97
per cent in lab tests produced seedling stands of 60 -70 per
cent when planted in December, and jumped to 94 per cent
when the tablets contained 5 -10 per cent activated carbon.

We don't know why the carbon worked that small wonder,
although lab tests showed that the carbon allows lettuce
seeds to germinate over a wider range of tablet water
content. On the other hand, broccoli and tomato seeds didn't
respond to the carbon .

Nonetheless, increasing germination and seedling pro-
duction in lettuce is value enough when you consider that
Arizona's lettuce crop brought in about $70.8 million to
growers in 1976 and that during some weeks of harvest,
Arizona supplies as much as 80 per cent of the lettuce con-
sumed in the United States and Canada.

Adding fungicides to the tablets also produced small but
significant improvement in lettuce seedling emergence. And

14

the addition of phosphorous stimulated seedling emergence
from tablets planted in cold soil. Nitrogen and potassium
additives had no effect that we could see on early seedling
emergence.

To be certain that the tablets enjoyed high water carrying
capacity, we incorporated a newly synthesized polymer cap-
able of absorbing 2,000 times its weight of water, and known
rather aptly as a "super slurper."

In lab tests with tablets containing 3 per cent of the super
slurper, seedling growth rates rose significantly, while field
tests showed that the polymer increases total seedling
emergence from the tablets, but does not affect seedling
size.

So things looked just fine, until we got results back on hot
weather planting. And then -nutrients, fungicides, and
polymers notwithstanding -seedling survival was drasti-
cally lowered from what it was for those produced from
naked seed.

After three days of sprinkler irrigation, we turned off the
water to check the progress of the seedlings, and in the time
it took to check, they all collapsed.



Our only explanation for this is the possibility that the tab-
lets themselves just don't permit adequate water storage or
supply to the water absorbing organs of the plants -the root
hairs. The hairs are confined within the tablet boundaries
during the first 10 -14 days of growth, and although vermicu-
lite can absorb large quantitites of water for its weight, it
does dry rapidly and conducts water poorly from surround-
ing moist soil. The problem is naturally compounded when
you consider that dry soil in the Arizona sun reaches
temperatures of 140 degrees and wet soil about 105.

Promising results were obtained in warm weather planting
by placing the seed on the outside of the tablet and planting
the tablets seed -side down providing the seedling quick ac-
cess to the soil proper. But doing this negates the effect of
the activated carbon and may neutralize the effect of the
fungicides as well.

Now we're concentrating on finding a more effective ver-
miculite binder -one that will better resist handling loss and
yet disintegrate quickly when exposed to water, thus permit-
ting unrestricted seedling emergence.

A

seed
bed

seed
position secondary

roots

primary
root

B

ABOVE: The various methods of positioning seeds within
the tablet has much to do with the chances for successful
germination. Below: The tamping wheel is about to tamp
the seed tablet flush with the top of the soil.

4,%..4 ,.

A STAGGERED procession of tablets emerges from the tablet planter
as it is drawn along a furrow (above). The lettuce seedling thrives
within its tablet of nutrients (below). For emphasis, the tablet has
been removed from its usual flush -with -the -soil position.
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Strategies for feeding cattle:
It all depends on your goal

by Raymond O. P. Farrish and
John A. Marchello*

Producing the largest possible animals, or the greatest
number in a given amount of time are not the goals of the
cattle feeder. Rather, his aim is the greatest possible return
on his investment, and to get such a return the feeder has to
be a good strategist.

He may not have control over the market price of finished
cattle, he may not have control over the cost of the various
feed rations. But he can take into account such factors as the
difference in price between certain types of feed, varying
the time he feeds and how much he feeds against the cost of
the feed and the added value that a heavier animal will bring.

With this in mind, we experimented with cattle at the Uni-
versity of Arizona to determine optimum feeding strategies
for state cattle feeders.

To begin with, since the price of grain sorghum rose 100
per cent in Arizona between the first quarter of 1971 and the
middle of 1975, while the price of alfalfa hay rose only 50 -60
per cent, we wanted to compare the growth of cattle fed
high -grain rations with cattle fed low- grain.

Drawing on the results of this experiment, we then de-
veloped tables detailing what the optimum market weight of
cattle was at different market prices and for different rations
of grain. We proceeded as follows:

The first decision in feeding cattle is to pinpoint what
the profit objective is. Most commonly, cattle are fed
either to maximize the profit on each lot of cattle pro-
duced or fed in a pre -planned number of lots, at less
than maximum profit per lot, but perhaps feeding more
lots for a larger total profit.

For example, maximizing profits on each lot of cattle sepa-
rately might result in five lots being produced over a span of,
say, three years at a profit of $1000 per lot, or a total of
*Visiting professor of agricultural economics and professor of animal science, respectively.
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$5000. An alternate strategy might involve producing six lots
during the same time span, accepting a $900 profit per lot for
a total of $5,400 for the three years.

Clearly, the two example strategies would involve feeding
cattle to different weights, and for differing lengths of
time. Equally important, each of the two strategies would
require different types and amounts of information in order
to succeed.

Maximizing profits on each lot separately would require
estimating feed costs and cattle prices from one to seven
months in advance, while the alternative would involve mak-
ing price forecasts for up to three years. The availability of
certain types of information and his confidence in forecast
information may influence the feeder's (as entrepreneur)
choice of a particular strategy.

Initial results here are based on the strategy of
maximizing profits for each lot of cattle. The objective is
to achieve the highest level of profits from the current
lot of cattle without worrying about the effect such a
strategy might have on overall profits over some longer
period. It's a fairly conservative strategy, since the addi-
tional returns which might possibly occur in the long
run are abandoned in favor of, a generally smaller but
surer addition to profits in the near future. Further re-
search is being done on the problem of maximizing pro-
fits from a succession of several lots of cattle and will be
reported in future publications.

Fixed and Variable Costs
When feeding any given lot of cattle, certain costs may be

regarded as "fixed" in the sense that they do not vary regard-
less of how long the cattle are fed. Chief among these is the
cost of the feeder animal. If a person purchases a 500 -pound
steer with intent to feed the steer for profit, and if the pur-
chase price were $40 per hundredweight, then the initial cost
of the steer is fixed at $200. It matters not whether the steer
is fed for 180, 200, or 220 days or longer, the steer still costs
$200 to begin with.

Fixed costs are obviously important to persons feeding
cattle, since the fixed costs must be deducted from gross
returns when the cattle are sold in order to determine the net
profit or loss. On the other hand, they can and should be
disregarded when deciding how long to feed the cattle.



Since, in our example, the $200 cost of the steer would have
to be deducted from the sales proceeds whether the steer is
fed for 180, 200, or 220 days, the initial cost of the steer
obviously makes no difference when deciding on the length
of the feeding period.

Variable costs, as distinct from fixed costs, are those costs
which do vary depending on how long the cattle are fed. An
obvious example is the cost of feed. Our feeder steer which
initially weighed 500 pounds certainly would consume more
feed and gain more weight if kept for 220 rather than 180
days, and the total cost of the feed and the gross sales
proceeds would both vary accordingly.

Like fixed costs, variable costs must be deducted
from gross returns in order to determine net profit or
loss. But more important, the variable costs, together
with the price at which the cattle are sold, directly de-
termine the optimum length of the feeding period. Two
examples will illustrate the rationale.

Assume a steer has been on feed for a short time and the

owner is deciding whether to continue feeding or to sell now.
The owner estimates that if he gives another 500 pounds of

feed to the steer, the additional cost of the feed and other
variable inputs will amount to $25. He also estimates, how-

ever, that the steer will gain an additional 90 pounds, and

thus if fed cattle sell for, say, $40 per hundredweight, his
gross returns will increase by $36. The owner in this case
would decide to go ahead and invest the additional 500
pounds of feed, because doing so would increase his net
return by $11.

On the other hand, assume the steer has been on feed
longer and consequently is not gaining weight so rapidly.
The owner estimates that an additional 500 pounds of feed
will result in the steer gaining only 60 pounds in weight. Thus
gross revenue would increase by only $24, and since the
additional cost of the feed and other variable inputs would be
$25, net revenue would decrease by a dollar. The owner
thus would decide to not feed any longer, but instead to sell

the steer immediately.
The guiding principle in determining the optimum length of

time to continue feeding, therefore, is to continue as long as
the value of the additional weight gained is greater than the
cost of the additional feed and other variable inputs. Follow-
ing this principle will result in obtaining the maximum net
profit from a given lot of cattle.

Type of Feed and Carcass Quality
Not only the amount of variable inputs-such as feed-

but also the type of such inputs are important in determining
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the optimum length of feeding. High and low grain rations
customarily will sell for different prices, and steers convert
such rations into body weight at different rates. Likewise, the
quality of resulting carcasses might or might not vary with the

type of feed.
In order to determine the effects, if any, of variations

in grain levels on carcass quality, randomly selected
groups of heifers and steers were fed high and low grain
rations. The high grain ration consisted of a starting diet
for 14 days and a finishing diet (Table 1) until the ani-
mals reached target weights of 850 pounds for the heif-
ers and 1000 pounds for the steers. The low grain ration
consisted of a growing diet (Table 2) throughout the
feeding period. Table 3 presents basic performance data
for the various groups of experimental animals.

The effect of type of feed on carcass quality was investi-
gated by examining various carcass quality characteristics
(Table 4). Both groups of heifers marbled to about the same
degree and therefore possessed similar quality grades. The
same was true for steers. Yield grades and cutability per-
centages were not materially influenced by type of feed.
Likewise, fat thickness, percentage of kidney fat, and ribeye
area were substantially the same under both high and low
grain rations.

Since carcass quality is substantially unaffected by type of
feed, the decision on whether to use a high or low grain
ration rests primarily on their relative economic efficiency in
the feedlot. This follows, since if the two types of feed yield
the same carcass quality, both carcasses can be presumed
to fetch the same price in the market.

Is High Grain or Low Grain More Profitable?
There is no single answer to the question of whether high

or low grain rations are more profitable. Rather, the answer
depends on the relative price of the two rations, the rate at
which each is transformed from feed into meat, and the
weight of the fed cattle produced. Under some conditions
low grain may be more profitable, while under other condi-
tions high grain may yield greater net returns. Tables 5 and 6
therefore are presented in order that interested persons may
compare the profitability of each for producing fed steers
under a range of different conditions.

Several comments will aid the reader in interpreting and
using the data in Tables 5 and 6.

First, an example using Table 5 will show how to read
the tables. For steers fed a high grain ration -if fed
cattle are selling for $45 a hundredweight and variable
costs amount to $100 per ton of feed - profits will be
maximized and or losses minimized by producing an
889 pound steer, using 1,952 pounds of feed. This will
yield a return of $302.45 above variable costs which
may be used by the owner to cover his fixed costs and
provide any profit. If fixed costs are less than $302.45,
the owner will realize a profit. This profit will be the
maximum he can achieve in the sense that any other
weight of animal produced would yield a smaller net
return. On the other hand, if fixed costs exceed $302.45,
the owner will experience a loss, but this loss will be the

1R

smallest loss possible. Producing any other weight of
animal, either lighter or heavier, would result in a larger
loss. Similar interpretations hold for the other entries in
Tables 5 and 6.

Second, in order to compare whether high or low grain is

more profitable, the reader should compare appropriate
entries in Tables 5 and 6. For example, assume that fed
cattle are selling for $50 per hundredweight, that variable
costs associated with the high grain ration amount to $120
per ton of feed, and that variable costs for low grain amount
to $80 per ton. Under such assumed price and cost condi-
tions, the maximum returns above variable costs with the
high grain ration would be $328.38 per steer (Table 5), while
low grain would yield $331.58 (Table 6). Hence the owner
would choose the low grain ration and produce an animal
weighing 1,015 pounds, using 4,398 pounds of feed.

Third, several of the cells in the tables contain no entries.

In such cases, it does not pay to feed any amount at all
under the respective price and cost conditions.

Fourth, while it is difficult to generalize from the
results in Tables 5 and 6 as to whether high or low grain
is more profitable, we can attempt a rule of thumb which
may be useful in decision-making. Scanning the two
tables, it can be seen that whenever variable costs per
ton of low grain are less than 60 percent of the variable
costs per ton of high grain, then the low grain ration is
generally more profitable. On the other hand, if variable
costs per ton are equal for the two rations, it pays to use
the high grain.

Now, the cost of the feed itself is the major component of
variable costs, and the other variable costs per ton reason-
ably may be expected to differ by little for the two types of
feed. Accepting this as an approximation, therefore, yields
the following rule of thumb: If the price of low grain is 60
percent or less than the price of high grain, use the low
grain ration. If the price of low grain is more than 60 percent
but less than 100 percent of the price of high grain, consult
the tables. If the price of low grain is equal to or greater than
the price of high grain, use the high grain ration.

Fifth: A word of caution to those interested in utilizing the
results. The entries in Tables 5 and 6 all were derived from
the observed feed lot performance of the experimental ani-
mals, and assume the steers initially weigh 588 pounds and
are fed to the weights indicated in the tables. Owners of

feeder cattle whose animals perform similarly to the experi-
mental animals can use the tables as a general guide. Those
whose animals show substantially different performance
rates, however, would want to derive another set of tables
based on the performance rates of their own cattle.

For purposes of comparison, the relationships be-
tween the amount of feed fed and the weight of the fed
animal achieved with the experimental animals are
shown in the accompanying figure. The method for de-
riving tables such as Tables 5 and 6 may be obtained by
writing the Department of Agricultural Economics, Uni-
versity of Arizona, Tucson, and requesting the publica-
tion entitled "Economics of Alternative Grain Levels for
Feeding Cattle."



Table 1.
Composition of

Starting and Finishing Diets.

Ingredient Starting Finishing

(°%o) ( %)
Ground Alfalfa Hay 30.00 15.00
Cottonseed Hulls 10.00 5.00
Steam Processed Milo 51.65 70.95
Molasses 4.00 4.00
Tallow 3.00 3.00
Urea 0.45 0.65
Biofos 0.40 0.40
Salt 0.50 0.50
Ground Limestone 0.00 0.50

TOTAL 100.00 100.00
Vitamin A -10 -P, gm. 10.00 10.00
Analysis:

Protein 11.60 11.40
Calcium 0.55 0.53
Phosphorus 0.30 0.31

Table 2.
Composition of Growing Diet.

Ingredient Proportion of Ration

Creep Feed Pellets' 33.3
Alfalfa Hay 33.3
Cottonseed Hulls 33.3

TOTAL 100.0
1Composed of ground barley, ground sorghum grain,
wheat bran, cottonseed meal, can molasses, ground
corn, sun cured alfalfa meal, limestone flour, salt, dical-
cium phosphate, vitamin A supplement.

Table 3.
Performance Data for the Experimental Animals

Item

Average initial
weight lbs.

Average final
weight, lbs.

Average gain
per animal,
lbs.

Days on feed

Average daily
gain, lbs.
per animal

Heifers Steers
High Low High Low
Grain Grain Grain Grain

572 569 513 516

855 842 979 1015

283 273 466 499

91 112 160 160

3.1 2.4 2.9 3.1

Table 4.
Carcass Data for the Experimental Animals

Trait

Heifers
High Low

Grain Grain

Steers
High Low
Grain Grain

Hot carcass
weight, lbs.

Marbling

494 500 593 612

score Slight+ Slight+ Small Small

Quality grade Good+ Good+ Choice Choice
Fat thick-
ness, inches 0.45 0.40 0.44 0.51

Kidney fat,
percent 3.3 3.4 2.6 2.7

Ribeye area,
sq. in. 10.3 10.3 11.5 11.3

Yield grade 2.9 2.8 2.7 3.0

Cutability
percent 50.2 50.5 50.7 50.0

Table 5.
Steers Fed a High -Grain Ration: Returns Above Variable Costs, Optimum Weight

Steer to Produce, and Optimum Amount of Feed Input to Maximize Profits or Minimize Losses.

Variable
Costs Item

Price of fed cattle ($ per cwt)

25 30 35 40 45 50 55 60

($ per ton
of feed)

70 Optimum Weight (lbs) 808 876 916 942 961 973 983 990
Amount of Feed (lbs) 1302 1827 2202 2483 2702 2877 3020 3139
Returns Above Variable

Cost ($) 156.43 198.85 243.53 289.89 337.88 385.80 434.95 484.13
80 Optimum Weight (lbs) 741 828 881 916 939 957 969 978

Amount of Feed (lbs) 852 1452 1881 2202 2452 2652 2815 2952
Returns Above Variable

Cost ($) 151.17 190.32 233.11 278.32 324.47 372.42 420.35 468.72
90 Optimum Weight (lbs) 664 775 843 886 916 937 953 965

Amount of Feed (lbs) 403 1077 1559 1921 2202 2427 2611 2764
Returns Above Variable

Cost ($) 147.86 184.03 224.89 267.95 313.28 359.28 406.65 454.62
100 Optimum Weight (lbs) 716 799 853 889 916 935 950

Amount of Feed (lbs) 703 1238 1640 1952 2202 2406 2577
Returns Above Variable

Cost ($) - 179.65 217.75 259.20 302.45 347.90 393.95 441.15
110 Optimum Weight (lbs) 651 750 816 861 892 916 934

Amount of Feed (lbs) - 328 917 1359 1702 1977 2202 2389
Returns Above Variable
Cost (S) 177.26 212.06 251.65 293.84 337.26 382.69 429.00

120 Optimum Weight (lbs) 698 775 828 867 894 916
Amount of Feed (lbs) 595 1077 1452 1752 1998 2202
Returns Above Variable

Cost ($) 208.60 245.38 285.48 328.38 371.82 417.48
130 Optimum Weight (lbs) 640 732 794 838 872 897

Amount of Feed (lbs) 274 796 1202 1527 1793 2015
Returns Above Variable

Cost ($) - - 206.19 241.06 279.17 319.74 363.05 407.22
140 Optimum Weight (lbs) - 684 756 808 846 876

Amount of Feed (lbs) - 515 952 1302 1589 1827
Returns Above Variable

Cost (S) 237.55 273.56 312.86 354.07 397.71
150 Optimum Weight (lbs) 633 716 775 819 853

Amount of Feed (lbs) - - 234 703 1077 1384 1640
Returns Above Variable

Cost (S) - - - 235.65 269.47 306.72 346.65 388.80

Table 6.
Steers Fed a Low -Grain Ration: Returns Above Variable Costs, Optimum

Weight to Produce, and Optimum Amount of Feed Input to Maximize Profits or
Minimize Losses.

Variable
Costs Item

Price of fed cattle ($ per cwt)

25 30 35 40 45 50 55 60

($ per ton
of feed)

50 Optimum Weight (lbs) 783 980 1098 1176 1228 1266 1294 1315
Amount of Feed (lbs) 1820 3968 5502 6653 7548 8264 8850 9338
Returns Above Variable

Cost ($) 150.25 194.80 246.75 304.07 363.90 426.40 490.45 555.55
60 Optimum Weight (lbs) - 783 954 1065 1140 1195 1236 1266

Amount of Feed (lbs) 1820 3661 5042 6116 6975 7678 8264
Returns Above Variable

Cost ($) 180.30 224.07 274.74 329.52 388.25 449.46 511.68
70 Optimum Weight (lbs) 783 934 1038 1112 1166 1208

Amount of Feed (lbs) 1820 3431 4684 5686 6507 7190
Returns Above Variable

Cost ($) 210.35 253.51 303.16 356.99 413.55 473.15
80 Optimum Weight (lbs) - - - 783 918 1015 1087 1140

Amount of Feed (lbs) 1820 3252 4398 5335 6116
Returns Above Variable

Cost ($) 240.40 283.02 331.58 384.45 439.36
90 Optimum Weight (lbs) 611 783 905 996 1065

Amount of Feed (lbs) 210 1820 3109 4164 5042
Returns Above Variable

Cost ($) - - - 234.95 270.45 312.59 360.42 412.11
100 Optimum Weight (lbs) - - - - 632 783 895 980

Amount of Feed (lbs) - - 389 1820 2992 3968
Returns Above Variable

Cost ($) 264.95 300.50 342.65 389.60
110 Optimum Weight (lbs) - - - - - 648 783 886

Amount of Feed (lbs) - - - - - 532 1820 2894
Returns Above Variable

Cost ($) 294.74 330.55 372.43
120 Optimum Weight (lbs) 660 783

Amount of Feed (lbs) 649 1820
Returns Above Variable

Cost ($) 323.06 360.60
130 Optimum Weight (lbs) 671

Amount of Feed (lbs) 747
Returns Above Variable

Cost ($) 354.04
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To compare performance of cattle in commercial feedlots
with that of the experimental steers, care should be taken to
make the comparison over the entire range of quantities of
rations fed. In particular, it would be misleading and inap-
propriate to base a comparison on a single factor, such as
"pounds of feed per pound of gain."

This is so because the feed -to -gain ratio varies greatly as
cattle are fed to heavier weights. With the experimental
steers on high grain, for example, it took only 5.69 pounds of
feed per pound of gain to put on the first 175 pounds of
weight. But by the time the steers had gained the next 175
pounds, the average pounds of feed per pound of gain had
risen to 7.03. This highlights the fact that the average feed -
to -gain ratio increases steadily as the cattle are fed to
heavier weights. Thus, the owner of the cattle can control
substantially the feed -to -gain ratio he will obtain from his
animals simply through his decision on how long to feed.

Sixth: Another word of caution. The entries in Tables 5 and
6 indicate that extremely lightweight steers are often the
optimum weight to produce. For example, if fed cattle are
selling for $40 per hundredweight, and if variable costs for
cattle fed high grain are over $110 per ton fed, Table 5
shows the optimum- weight steer to produce is usually less
than 800 pounds. Such a situation might conceivably pre-
sent a dilemma to the owner. For while fed cattle may be
selling for $40 per hundred pounds generally, those weigh-
ing less than 800 pounds might be discounted in price.

To illustrate how to deal with this sort of contin-
gency, assume variable costs are $110 per ton fed, that
steers weighing 800 pounds or more are selling for $40,
while those weighing less than 800 pounds are selling
for $35 per hundredweight, and the ration fed is high
grain (Table 5). The owner would need to compare the
entries in two cells of Table 5. On the one hand, if he
decides to accept a price of $35, the maximum returns
above variable costs he can earn are $212.06 per steer
by using 917 pounds of feed to produce a 750 -pound
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animal. On the other hand, if he decides to feed to a
heavier weight in order to obtain the $40 price, the
maximum returns above variable costs are $251.65,
given by using 1,359 pounds of feed to produce an 816 -
pound steer. Clearly, in this case, he would opt to feed
to a heavier weight.

Seventh, although Tables 5 and 6 indicate that relatively
lightweight steers are the optimum size animal to produce in
many instances, this finding is not the result of the type of
profit objective chosen, namely maximizing profits for one,
given lot of cattle. On the contrary, if the goal is to maximize
profits over some longer time period, the optimum weight to
produce would be even lighter than indicated by the entries
in the tables.

Eighth: A word about some practical implications of the
results. Feedlots in Arizona customarily have been feeding
what would be called a high -grain ration, as the terms high
and low -grain are used in this article. Table 5 indicates that
for all price and cost combinations considered it never pays
to feed steers to more than 1,000 pounds in weight, and
rarely if ever pays to use more than 2,900 pounds of feed.
Yet, a 1973 study of Arizona's commercial feedlot industry
indicated that the average quantity of feed input per animal
was 1.49 tons, or 2,980 pounds, when the starting weight of
the cattle was 500 pounds or more.'

Now, the use of such large quantities of feed would be
financially advantageous to the owner of the cattle only if his
cattle achieve more efficient rates of transformation of feed
into body weight than was achieved by the experimental
animals. Such may be the case and, indeed, further replica-
tions of the experiments performed in this study may yield
significantly different input -output relations. The results to
date, however, at least suggest that owners of feeder steers
well might investigate further whether reduced amounts of
feed might result in increased profits.

As a final note on practical implications: Cattle feeders in
Arizona well might investigate the possibility of utilizing low -
grain rations. With grain prices rising relative to forage
prices, the price relations between high and low -grain rations
well may be such as to yield higher profits with low- grain.
The use of tables such as tables 5 and 6 in this article should
be a useful guide in deciding which path to pursue.

The results are based on observed input- output relations
derived from data on experimental animals at the University
of Arizona. The relative profitability of high and low -grain
rations may be ascertained by comparing appropriate en-
tries in Tables 5 and 6.

Carcasses resulting from cattle fed high and low -grain
rations were found to be substantially equal in quality char-
acteristics. Hence the market price received may reasonably
be expected to be unaffected by whether the cattle were fed
high or low- grain. Given recent price relations between grain
and forage, Arizona cattle feeders well might investigate
whether low grain rations may increase net returns.

1 Menzie, E. L., Hanekamp, W. J., and Phillips, G. W., The
Economics of the Cattle Feeding Industry in Arizona, Technical Bulletin
207, Agricultural Experiment Station, University of Arizona, Tucson
(October, 1973) p. 72.
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IN ENTOMOLOGY, research on the termination of irrigation

water to cotton much earlier than it has been in the past has
shown tremendous promise in sharply reducing the popula-
tion of pink bollworms. Theo Watson's study in the Yuma
area has shown August 1 as the optimum date for stopping
irrigation and still getting yields equal to cotton that is
irrigated right up to October harvest.

What apparently happens is that the August 1 cutoff of
water to the cotton stops the cotton from further fruiting by
early September. Then, in mid -September, when the pink
bollworm larvae emerge as adult moths and lay eggs, the
larvae hatching from the eggs find no fruit to feed on and die.
This cuts drastically into the numbers of larvae which over -
winter to infect the following year's crop.

s
IN NUTRITION AND FOOD SCIENCE, work is proceeding

on extraction of Fraction 1 protein. This protein makes up
50 per cent of the soluble protein in the leaves of most plants
-for eventual use as a dietary supplement. Such a sup-
plement could one day be of enormous importance to
developing nations whose source of animal protein is often
meager. Don Bourque has successfully extracted the pro-
tein, in crystalline form, from tomato plants, the first time
Fraction 1 has been extracted from plants unrelated to
tobacco. The aim is to obtain the stuff from the leaves of
vegetables, such as potatoes and tomatoes, that are left
following harvest. Not only is Fraction 1 common, but its
amino acid balance is even better than soybean protein and
exceeds the FAO standards for essential amino acid content.

IN RENEWABLE NATURAL RESOURCES, Robert F. Wagle
is studying the effect of controlled burning on the White
Mountain Apache Reservation to see if prescribed burning
can reduce large amounts of forest fuel and thus reduce
catastrophic wildfire in ponderosa pine. The White Mountain
Apaches have been practicing controlled burning for several
years, and Wagle expects to publish within six months on the
measurement of forest fuels and some time thereafter on the
effects of controlled burns on surface vegetation, soil fer-
tility, tree mortality and fuel reduction.

s
IN ANIMAL SCIENCE, John Marchello is investigating

management systems for producing beef from calves and
yearlings, and evaluating the level of cereal grains in the diet
of the animals. He is studying the various types of cattle in
relation to their efficiency in converting feed to meat and the
quality of the beef produced. Just how good the beef from
various types and various diets is will be tested by a panel of
consumers. The study, undertaken in cooperation with New
Mexico State University and Utah State, will eventually
provide answers on what types of cattle on what feed
produced the best beef most economically.

IN HOME ECONOMICS, new ground is being broken in

the study of alcoholism by Victor Christopherson and his
associates, who are looking at the use of alcohol by the rural
elderly. Being considered are the type of community -
mining, agricultural, or manufacturing, the difference between
recent migrants to Arizona and those who have grown up in
the communities in question, and the effect that retirement
has on drinking habit. Enumeration districts were set up in
each county, districts that excluded metropolitan areas, and
Christopherson says that anyone wishing to work with the
rural aged can use their population model and come up with
a representative sample.

IN SOILS, WATER AND ENGINEERING, a team effort is
being made to determine the most efficient methods of
irrigating citrus in the Yuma and Welton- Mohawk area. As
part of the agreement guaranteeing that the United States
will provide Mexico with 1.5 million acre feet of relatively salt -
free Colorado River water, one approach has been to find out
if the amount of saline drainage water from the Welton -
Mohawk area could be reduced by more efficient irrigation.
Working with plant scientists, department personnel are
comparing the efficacy of trickle, spray, sprinkler and basin
irrigation against the traditional flood techniques. Cultural
practices, fertilizer guidelines, and disease control are also
being looked into.

IN AGRICULTURAL ECONOMICS, Robert Firch has been
working with the State Land Department to come up with
equitable rates to charge for the lands it rents and leases.
Firch and his associates have worked primarily on the
175,000 acres of land the state holds that might be suitable
for irrigated agriculture. Then, beginning with raw desert,
they have calculated the costs of bringing the land into
production. The single most important factor has proved to
be irrigation costs: Whenever water has to be lifted more
than 490 feet, Firch's figures show, there is no way a grower
can make money and have anything left over to pay land
rent with.

IN COOPERATIVE FISHERIES UNIT, assistant unit leader
Carl Ziebell is trying to find out just what causes the
phenomenal algal growths- presumed responsible for fish
kills -in the lakes of the White Mountains. The typical
management procedure has been to pour in copper sulfate,
but this is only a temporary (and expensive) solution. Ziebell
is looking at what nutrients enter the lakes to cause the
eutrophic conditions and if these are in any way related to
current or past watershed practices.

(Continued on back cover)
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(RESEARCH NOTES continued)

IN PLANT SCIENCES, Arden Day has been working with
copper and coal mining firms to find the best ways of
revegetating and stabilizing their wastes. His research
shows that the best way to establish good growing con-
ditions for perennial plants is to make sure there is organic
matter added to the soil, that the best method of getting
organic matter in the soil is to establish annual plants, and
that barley works best. The stubble established when the
barley is through growing helps stabilize the soil and stops
runoff from occurring. Day is breeding barley to make it
heartier and heartier -a new direction for the barley, which
has typically been bred for high yield.

IN PLANT PATHOLOGY, Michael Stanghellini is investi-
gating diseases that strike greenhouse -grown crops, diseases
that require high moisture conditions, unlike those that
prevail outdoors in Arizona. He has studied some of the mil-
dews and blights that have struck huge greenhouses south
of Tucson. One discovery to date is that a pathogen that
causes pad spotting on prickly pear is similar to one that
causes the stem blight in cucumbers. Stanghellini's experi-
ence with high temperature root disease in Arizona sugar
beets has been useful in dealing with some of the root con-
ditions found in greenhouse plants.
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(GUEST ESSAY continued from p.11)

similarly organize. At the present time these two segments
of agriculture have many trade associations representing
them. Here again each trade association inevitably and
naturally has a certain bias. These biases creep into the
answers given as the public and the legislators ask
questions about agriculture and our food supply. The
inevitable result of these "many voices" expressing differ-
ent points of view, is that gradually they are bypassed in the
decision -making process.

Victor Hugo, writing during the nineteenth century, stated,
"Stronger than all the armies is an idea whose time has
come. " Hugo was talking about the French Revolution, but I
feel his idea has fundamental application. CAST was an
idea "whose time had come." I feel the same basic need is
facing all the rest of agriculture. It's time for us to unify and
organize to meet this need.




