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CHAPTER I

INTRODUCTION 

The Problem

The storage function creates time utility and fits into the fields 

of production and marketing. Basically, farm products are stored to 

make them available the year around, to balance periods of plenty and 

periods of scarcity, and sometimes to make them more useful. An 

important function of storage of grain in Arizona is to balance produc

tion with utilization. Feed grains have a short harvesting period, while 

feed utilization is distributed more or less equally throughout the year. 

This thesis investigates the profitability of, and need for, on-the-farm 

grain storage in Arizona.

The grain storage problem requires investigation because 

the Arizona feed grain industry has been in a state of rapid change. 

Grain production increased greatly with the introduction of cotton 

acreage restrictions in 1954. Barley production increased 80 per cent 

from 1953 to 1954. Grain sorghum production increased 194 per cent 

during the same period (Figure 1). Annual production of feed

1
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Figure 1. Barley and grain sorghum: Arizona production.



grains has fluctuated considerably since 1954 but has remained above 

the level attained prior to the cotton restrictions.

This marked increase in grain production in Arizona is the 

basic factor associated with the need to evaluate trends, government 

programs, and storage costs and returns. This analysis could con

tribute to higher farm income for feed grain growers in Arizona and 

give them insight into the role of storage in their marketing plans.

Objectives

Among the decisions an Arizona farm operator may make is 

whether or not an investment in on-the-farm storage facilities for 

grain is profitable. In addition, the farm er must determine how much, 

if any, he should invest in storage facilities. The objective of this 

thesis is to examine factors associated with grain storage profitability 

and to estimate the profitability of constructing on-the-farm storage 

facilities. The decision concerning whether or not to build storage is 

a long-term decision involving long-run expectations involving a weigh

ing of the costs and benefits expected over the lifetime of the structure.

Procedure and Source of Data

In determining the economic feasibility of additional on-the-farm 

storage in Arizona, the answers to three questions were sought. First, 

is Arizona’s climate conducive to grain storage? Second, does it pay

3
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farmers to build additional grain storage facilities? And, finally, can 

Arizona utilize additional grain storage facilities? This thesis is 

organized to answer each of these questions in a logical order, although 

they are not independent.

Chapter I deals with the selection and formulation of the prob

lem and the formulation of the hypothesis. It includes a review of lite r

ature. Chapters II and i n  deal with the selection and analysis of data. 

Chapter H is a description of factors which indirectly affect the need 

for, and the desirability of, grain storage in Arizona. It includes an 

investigation of climate conditions, recent trends and developments, 

and the feed grain supply-utilization balance in Arizona. Features of 

Arizona’s climate, relative to grain storage, are investigated to deter

mine the physical feasibility of storing grain in Arizona. Inference as 

to the ability of Arizona to utilize additional storage can be derived 

from an estimate of the supply-utilization balance of feed grains in 

Arizona. A description of the history and recent developments of pro

duction, yield, production costs, price, demand, storage stocks, and 

government programs gives an idea of the role of grain storage in 

Arizona as well as some insight as to its profitability. Costs and bene

fits of on-the farm grain storage in Arizona are examined in Chapter 

HI. The hypotheses are tested in Chapter IV, which contains a series 

of budgets based on storage costs and returns to evaluate the profitabil

ity of grain storage in Arizona under various conditions.
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The data used in the grain storage analysis were obtained from 

primary as well as secondary sources. County Agricultural Stabiliza

tion and Conservation Service (ASCS) offices throughout the state were 

visited. These offices provided data on the capacity and cost of grain 

storage facilities for each county. Information on storage problems, 

government programs, typical marketing procedures, and opinions 

concerning the profitability of additional farm storage was sought in 

interviews with the County ASCS managers. Publications and bulletins 

were secured from the files of the Department of Agricultural Econo

mics, the University of Arizona Library, County ASCS offices, and 

from government agencies and other universities. Additional informa

tion was obtained from informal interviews with farmers, elevator 

operators, insurance representatives, construction companies, and 

other storage studies. In several instances, unpublished data from the 

Department of Agricultural Economics, University of Arizona, were 

used.

Review of Literature

There has been considerable research on storage of farm com

modities. Most studies on the profitability of grain storage deal with a 

specific state or area, as does this thesis. Climate, type of grains, 

relative prices and other factors make results that are valid in one 

area unsuitable for another. In many cases, the general methodology
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followed in the reported research is applicable to other areas. The 

research was reviewed to compare methodologies used in surplus- 

deficit investigations and key budgetary coefficients as well as to eval

uate methods used to estimate storage costs and benefits.

Surplus-deficit Areas

Supplies, utilization, and interstate movement of hay and feed 

grains in the eleven western states were described by Robert S. 

McGlothlin.* McGlothlin developed a method to estimate the utiliza

tion of feed grains based on multiplying the number of livestock in each 

class by the feed grain requirements for that class. He obtained data

on livestock numbers from the 1954 Census of Agriculture. Feeding
2

rates were derived from a bulletin by R. D. Jennings. However, 

McGlothlin failed to state the procedure used to develop county livestock 

numbers for the particular classification he used. Thus, a duplication 

of McGlothlin's results is difficult. McGlothlin reported a surplus of 

332, 000 tons of feed grains for Arizona for 1954, of which 90 per cent 

was located in Maricopa and Pima counties. Large quantities of barley

Robert S. McGlothlin, Hay and Feed Grains in the West, 
Arizona Agricultural Experiment Station Bulletin 289, Tucson, Novem
ber, 1957.

2
R. D. Jennings, Feed Consumed by Livestock and Supply and 

Disposition of Feeds, by States, 1949-1950, Agricultural Research 
Service Statistical Bulletin No. 145, U.S. Department of Agriculture, 
Washington, D. C., June, 1954.
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and grain sorghum were shipped to California by truck. This thesis 

develops an estimate of the surplus-deficit areas of the state using a 

method similar to that used by McGlothlin; however, different feeding 

rates were used. McGlothlin stated that large errors may occur in his 

analysis because of errors in the feeding rates but stated that he 

believed that the estimates were adequate for the purpose of delineating 

general surplus-deficit areas. The usefullness of McGlothlin's bulletin 

would have been increased if he had presented a more detailed outline 

of his procedures so that further research could follow the same pro

cedures.

The feeding rates used in this thesis to estimate the utilization 

of feed grains in Arizona were abstracted from the report. Regional
i

Supply and Distribution of Feeds, 1957-58, by Gordon A. King. King's 

report is presented in three sections. The first deals with the feed con

centrate balance for major areas of the United States. The second sec

tion contains an analysis of the regional production-consumption balance 

for major livestock products, while the third section presents the methods 

used in obtaining the regional supply and distribution of feed concen

trates. King's approach was to obtain a balance between reported quan

tities of feeds fed and numbers of livestock, by kind, for the United *

* Gordon A. King, Regional Supply and Distribution of Feed, 
1957-58, California Agricultural Experiment Station, Giannini Founda
tion Research Report No. 248, Davis, August, 1961.
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States. Feeding rates were established for various classes of livestock, 

considering such factors as average liveweight of slaughter and produc

tion per animal. Numbers of livestock, by region, were then used to 

obtain the level of feed consumed by livestock in the 19 regions.

There are considerable differences in feeding rates as estimated 

by Jennings and King. The rates estimated by King are likely to be 

more accurate than those by Jennings, because King expanded and 

refined the techniques of Jennings. For example, King developed feed- 

ing rates for cattle on feed based on the pounds of gain, while Jennings 

listed per head requirements. Jennings bulletin was published in 1954 

and was the basic study used in estimating supply and utilization for 

different areas. King's bulletin, published in 1961, used data which are 

more up-to-date than Jennings.

Costs and Benefits

The profitability of grain storage on Montana wheat farms was 

discussed by Layton S. Thompson in a mimeographed circular based on 

his doctoral dissertation.^ In addition to the usual benefit from a sea

sonal price increase, Thompson measured the benefits accruing to 

Montana wheat farmers from the advantages of price support loans *

* Layton S. Thompson, An Analysis of the Decision-making 
Process of the Farm Firm as Related to the Construction of On-the- 
Farm Grain Storage Facilities, Montana Agricultural Experiment Sta
tion Mimeograph Circular 82, Bozeman, May, 1954.
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available from the Commodity Credit Corporation, from the reduction 

in costs of harvesting operations, and from the savings on federal 

income tax. Thompson classified costs as fixed or variable. Fixed 

costs were listed as interest on investment, depreciation, property 

taxes, and insurance. Depreciation was calculated on a straight-line 

basis. Property taxes were based on average tax levies and interest 

was calculated on the average investment. Variable costs discussed by 

Thompson were related to cleaning, spraying and repairing bins, con

ditioning or treating grain to prevent loss of quality, insuring the grain 

when the bins were not fireproof, labor requirements, and shrink.

A series of budgets were developed by Thompson to determine 

net farm income on a model farm using various levels of storage. Bud

gets were calculated using actual yield variation for 30 years at six 

different assumed levels of storage. Benefits from seasonal price 

increases, savings from using family labor, and savings in income tax 

were included in the budget. Income tax savings obtained were impor

tant because of the large yearly variation in yield and because grain 

was a major source of income. Thompson concluded that it would have 

paid the model farm to have storage equal to two average crops of wheat.

Thompson's dissertation is the only study of the many reviewed 

in preparation for this thesis which examined benefits other than from 

a seasonal price increase. These benefits were not all quantified in
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Thompson's thesis because of the lack of adequate data. However, they 

were discussed and their importance was emphasized. Thompson's 

dissertation was an excellent investigation of the profitability of addi

tional farm storage facilities on Montana wheat farms.

A good discussion of storage costs was included in a bulletin by 

the Farm Credit Administration. * Fixed costs were defined in this 

study the same way as in Thompson's, except that the interest on 

investment was calculated using the initial investment instead of the 

average investment. The following items were classified as variable 

costs: shrinkage, insurance, treating and conditioning grain, loss of 

quality, risk and inconvenience, bin repair and maintenance, and extra 

labor and transportation. This study compared farm storage costs 

with commercial rates. The authors concluded that in 1948-49 North 

Dakota farmers generally found it cost considerably more to own and 

use farm storage facilities for grain they expected to market through 

commercial channels than to pay charges for storage at a nearby eleva

tor. This study defined and explained costs, but the value of conclu

sions based on a single year's return is open to question.

A complete analysis on North Carolina storage costs was pre

sented by W. D. Toussaint and John M. Curtis in the mimeographed

Thomas E. Hall et al., Where and How Much Cash Grain 
Storage for North Dakota Farmers, Farm Credit Administration Bul
letin 61, U.S. Department of Agriculture, Washington, May, 1951.
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circular, Does It Pay? Multiple regression was used to show the 

relationship between storage income and bushels stored, harvest price, 

bin location, and percentage utilization. Simple regression was used to 

demonstrate the relationship of insect and rodent control cost to volume 

stored. Changes in grade or quality were discussed in some detail. 

Toussaint and Curtis concluded that farmers who stored wheat realized 

a net income of 37.5 cents per bushel for their storage operations. A 

close relationship between storage income and volume, and a constant 

income per bushel was revealed from the regression analysis. This 

study demonstrated the usefulness of multiple regression equations as 

a tool for analyzing storage costs. The results were again based on 

prices from one year, and inferences for other years might be risky.

Odell L. Walker et al., in a recent bulletin dealing with the stor-
2age alternative for grain in Oklahoma, used a standard error of sea

sonal prices to determine a range of storage benefits from seasonal 

price variations for oats, barley, and grain sorghum in Oklahoma. 

These were compared with farm storage costs using 6, 12, and 18 year

W. D. Toussaint and John M. Curtis. Does It Pay?, Depart
ment of Agricultural Economics Information Series No. 33, N. C. State 
College, Raleigh, June, 1954.

2
Odell L. Walker et al., Seasonal Variation in Feed Grain and 

Alfalfa Hay Prices and an Analysis of Storage Alternatives in Oklahoma, 
Oklahoma Agricultural Experiment Station Bulletin B-590, Stillwater, 
October, 1961.
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depreciation rates on storage facilities. A range of net returns over 

time for each assumed depreciation rate was computed. The conclu

sions of the study were that Oklahoma farmers with limited labor, 

investment capital, and storage facilities would find little advantage in 

farm storage. However, farmers with these resources available might 

profitably store their own feeds. The authors recommended that each 

farmer should carefully assess his own situation to arrive at a final 

decision.

A method of estimating a confidence interval on returns to sto r

age similar to the method used by Walker et al. was used in this thesis. 

However, Walker et al. treated only two years in their price analysis, 

while this thesis analyzed a fifteen year time series.

There were wide variations in costs, returns, and net returns 

among the many studies reviewed. This variability is associated with 

the difficulties in quantifying some of the returns and costs as well as 

the lack of consistency in methods used in measuring these factors. 

There are two major criticisms which can be applied to all of the sto r

age studies reviewed except the dissertation by Thompson. These are 

(1) the failure to consider benefits other than those derived from a 

seasonal price increase, and (2) the failure to analyze the seasonal 

price patterns and probabilities associated with price changes. Many 

studies consider only one year. Those which consider more than one 

year usually aggregate data with simple averages. This type of analysis
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does not describe the significance of seasonal price patterns or changes 

in price patterns.

This thesis contains a price analysis using statistical methods 

to measure the seasonal price patterns and test their significance. No 

attempt to quantify benefits other than those from a seasonal price 

variation was made, because adequate data were not readily available; 

however, these benefits were discussed and evaluated as they apply to 

the decision to build grain storage facilities in Arizona.

The methods and techniques used to estimate costs and returns 

vary considerably from study to study. Only the research most appli

cable to this study with respect to methodology and results has been 

discussed. Studies which report research in the grain storage area, but 

which are less closely related to the problem in Arizona, are listed in 

the bibliography.



CHAPTER H

FACTORS RELATED TO GRAIN STORAGE IN ARIZONA

Both production and consumption patterns of feed grains in 

Arizona have changed in recent years. Production has more than doubled 

from 1953 to 1961, while consumption has increased even more, so that 

Arizona has changed from a net exporting to a net importing state for 

feed grains. Storage stocks of feed grains, both farm and nonfarm, 

have remained well below the production and consumption levels.

A description of production, storage, and consumption patterns 

for feed grains in Arizona will provide a realistic basis from which to 

determine the need for, and profitability of, additional on-the-farm 

grain storage facilities in the state.

Characteristics Peculiar to Arizona

The most important characteristic of grain that is to be stored 

is its moisture content. A high moisture content of grain in storage is 

conducive to heating and rapid deterioration as well as infestation by 

insects or fungi. In many areas of the United States, lowering the grain

14



15

moisture content to safe levels is a costly operation. Farmers in 

Arizona seldom need to be concerned with high moisture content of 

grain to be stored. County managers of the ASCS offices throughout 

the state who were asked about the problems of storing grain in their 

area said that high moisture content was seldom a problem.

Almost all of Arizona’s grain is produced under irrigation and 

yields are less variable and higher than in other parts of the country. 

Thus, Arizona producers have the advantage of reduced risk. How

ever, larger production costs per acre are involved due to irrigation 

costs relative to areas where grain is grown without irrigation. High 

yields offset larger production expenses so that the total direct cost 

per ton for farms in the Salt River Project ranged from $32.77 for 

barley to $33.90 for grain sorghum in 1961.*

Arizona grain producers generally consider feed grains a sig

nificant, but not the most important, source of income. Cotton is often 

the most important crop, and feed grains are grown in rotation with 

cotton and alfalfa. For example, in 1961 the value of cotton lint and 

cotton seed produced in Arizona was $151.1 million, while the feed

Department of Agricultural Economics, Arizona Agriculture, 
1962, Arizona Agricultural Experiment Station, Agr. Ext. Serv. Bui. 
A-21, Tucson, 1962, pp. 19-20.
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grains and hay produced were valued at $23.2 million and $28.2 million, 
1

respectively.

Recent Trends

Production Trends

The increased production of feed grain is the major develop

ment which affects the need for grain storage in Arizona. This change 

is a recent one. Apparently, Arizona farmers consider feed grains 

combined with alfalfa the best alternatives to cotton. The increase in 

acreage of these crops approximately equals the cotton acreage reduc-, 

tion occurring in 1954. Cotton acreage in Arizona was cut from 690,000 

acres in 1953 to 420,000 acres in 1954. Barley and grain sorghum took 

over 198,000 of the 420, 000 acre cut. Acreage of these two crops 

increased from 183, 000 to 384, 000 acres from 1953 to 1954 (Figure 2). 

This represents a 108 per cent increase. Production of these two grains 

increased 102 per cent the same year (see Figure 1). Both acreage and 

production have remained near this level since 1954.

Yield Trends

Yields of both barley and grain sorghum have been steadily 

increasing (Figure 3). Barley yields have increased steadily. They

 ̂ Arizona Crop and Livestock Reporting Service, Annual Crop 
Summary, 1961—With Comparisons, Statistical Reporting Service,
U. S. Department of Agriculture, Phoenix, 1961.
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increased from 42 to 68 bushels per acre from 1954 to 1961. Grain 

sorghum yields exhibit a similar pattern but have increased more 

rapidly since 1955. Grain sorghum yields as high as 100 bushels an 

acre were common in 1959 and 1960, and yields as high as 140 bushels 

an acre were reported in 1960. The average yield for the state for 

the 1961 crop increased from 58 to 63 bushels an acre. Increased use 

of hybrid seed and new cropping practices point to continued increase 

in average yield of grain sorghum over the next few years. These 

trends will probably increase the profitability of growing feed grains 

and their relative importance in Arizona.

Storage Stocks

Storage stocks of feed grains on the farm in Arizona have been 

relatively low compared to production (Figures 4 and 5). Stocks on and 

off the farm for Arizona are reported quarterly by the Crop Reporting 

Board in Phoenix. Reported stocks were largest for barley in October 

and for grain sorghum in January. From 1953 on-farm stocks of barley 

in October averaged only 21 per cent of the current year’s production. 

On-farm and off-farm stocks together averaged only 56 per cent of the 

current crop. On-farm stocks of grain sorghum averaged 21 per cent 

of the production of the current year. Commodity Credit Corporation 

(CCC) purchases (see Figures 10 and 11) have held off-farm stocks of 

sorghum at a high level since 1958. The level of farm stocks for each 

reporting date has changed little since 1954.
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The increase in storage stocks in Arizona in any one year is 

much smaller than the production of that year. This indicates that 

large quantities of grain are exported at harvest time. Most, if not all, 

of these exports go to California. Arizona is now a deficit state in 

regard to feed grain production and utilization.^ Therefore, much of 

the current needs throughout the year have to be met by imports from 

other states. The bulk of these imports come from Texas. Large 

quantities of Texas grains are shipped to California throughout the 

year by way of Arizona. Talks with ASCS managers, elevator opera

tors, and University of Arizona personnel indicated that this pattern 

exists because adequate storage for the complete crop is not available 

in Arizona, either on or off the farm. It has not been necessary to 

build storage facilities in Arizona to store grain utilized in Arizona 

because imported grain from Texas was available in competition with 

locally stored grains.

Production Cost Trends

Costs of production for feed grains is another factor which 

indirectly affects the need for storage in Arizona. Normally, the more 

profitable the feed grain enterprise appears, the larger the production 

and hence the greater the need for storage. The annual publication, *

* See the surplus -deficit section in the last part of this 
Chapter.

22



23

Arizona Agriculture, contains estimates of production costs for barley 

and grain sorghum for the state. These costs are referred to as total 

direct costs and include all production costs except costs of land and 

management. Returns must at least cover these costs or reduce the 

costs of maintaining idle land if it is to be more profitable to grow these 

crops rather than leave the land lay idle. Although barley and grain 

sorghum enterprises with lifts of 300 feet or more may appear to be 

unprofitable, these crops may still be grown because they fit into estab

lished crop rotations and returns exceed variable costs. In many 

instances yields above average permit profitable production.

Total direct costs per acre of producing barley and grain sorghum 

for farms in the Salt River Project show no upward trend since 1953 

(Figure 6). Year-to-year variations were quite large due to changing 

costs of fertilizer, water, and year-to-year changes in the need for 

insecticides. Estimates for areas with wells with 200- and 300-foot lifts 

show a slight upward trend in total direct costs since 1954. Estimates 

for returns to land and management have been included in Arizona 

Agriculture for the last five years (Figure 7). Returns are estimated 

by subtracting total direct costs from total returns. The Salt River 

Project and the 200-foot lift areas generally show positive returns to 

land and management for these grains. However, in areas of 300-foot 

lifts and over, returns did not cover all costs other than land and
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Figure 6. Barley and grain sorghum: Total direct costs of production, Salt River Project farms.
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Figure 7. Barley and grain sorghum: Returns to land and management, 
Salt River Project farms.
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management in three out of five years for barley and in four out of five 

years for grain sorghum.

Size of farm may influence costs considerably. Costs in Arizona 

Agriculture are based on custom rates. Presumably, the custom oper

ators are making a profit. A large farm using its own machinery might 

have lower costs per acre than reflected in Arizona Agriculture.

Price and Demand Trends

Quantity produced is one of the most important factors associ

ated with the market price of a commodity. An increase in production 

in a marketing area in a given year generally results in a lower price 

and vice versa, provided other things remain the same. The large 

production increase since 1954 apparently has tended to pull prices of 

feed grains down (Figure 8). Price, however, is not only a function of 

production but also a function of demand. The demand for feed grains 

in the west is closely tied to the cattle feeding industry. Arizona's 

cattle feeding industry has experienced a very rapid growth from 1950 

(Figure 9). Similar increases have occurred in other states. The num

ber of cattle on feed in California increased from 350, 000 head in 1954 

to 663,000 head in I960.* Rations of cattle and calves on feed contained 

almost 80 per cent of the feed grains consumed in Arizona in 1959 (see

* U. S. Department of Agriculture, Agricultural Statistics, 1955, 
U.S. Gov't. Printing Office, Washington, 1955, p. 304.
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Figure 8. Barley and grain sorghum: Average price received by Arizona producers.



TH
O

U
SA

N
D

 H
EA

D

1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 I960
YEAR

Source: U„S. Department of Agriculture, Agricultural Statistics, U.S. Gov't. Printing Office, Wash., D. C.

Figure 9. Cattle and calves on feed in Arizona, January 1.
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Table 1). This industry obviously plays a very important role in the 

demand for feed grains in Arizona. If, as expected, the industry con

tinues to grow, the demand for feed grains will increase, assuming 

that grain used from other classes of livestock and the demands of 

California for imports of feed grains do not decline. California demands 

for imported grain from other western states have increased and prob

ably will continue to rise. If this occurs, Arizona would have outlets 

for additional feed grains.

Government Programs

Government programs play a significant role in the production 

and marketing of feed grains. The profitability of on-farm grain sto r

age is affected both directly and indirectly by government programs.

Cotton Acreage Allotments

Acreage restrictions placed on cotton in 1954 directly affected 

the feed grain acreages in Arizona. Cotton acreage decreased from 

690, 000 acres in 1953 to 420,000 acres in 1954, a reduction of 270,000 

acres. Feed grain acreage was increased 198, 000 acres during the 

same year and has remained at this higher level (see Figure 2). Gov

ernment acreage restrictions on cotton have been in effect since 1954. 

Any decision by the government to reduce or increase the acreage 

allotments of cotton will likely have a marked effect on the production



30

of feed grains, unless production controls on feed grains are also in 

effect. It is doubtful that feed grain production would drop to its p re

cotton allotment level, even if cotton acreage restrictions were com

pletely removed. McGlothlin and Barlow^ asked 74 grain producers 

in Arizona what would happen to grain production if cotton allotments 

were discontinued. They concluded that grain production would decline 

materially, but grain would continue to be an important factor in the 

agricultural economy of the state. The continued growth of the cattle 

feeding industry lends support to this conclusion.

Feed Grains Program

Government attempts to reduce feed grain surpluses led to a 

feed grains program for grain sorghum and corn in Arizona which began 

in 1961. This program was extended during 1962 and barley was placed 

under regulation. Basically, the program consists of payments to 

farmers who participate by reducing acreages. Participation in the 

1961 program reduced grain sorghum acreage in Arizona 22, 000 acres 

or about 20 per cent. Because of increased yield, preliminary estimates 

indicated production was down only about 15 per cent or 963, 000 bushels. 

Barley acreage, however, increased 24, 000 acres and estimated

R. S. McGlothlin and Ray Barlow, Marketing Barley and Grain 
Sorghum in Arizona, Arizona Agricultural Experiment Station Report 
177, Tucson, November, 1958.
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production increased 1, 822, 000 bushels.* Increases in barley pro

duction more than offset the reduction of grain sorghum production.

Barley was included in the 1962 program, but it is too early to deter

mine how much the 1962 feed grain program will affect grain production 

in Arizona. The program was set up on a year-to-year basis and the 

probability that there will be, or the extent of, future feed grains pro

grams is unknown. There is an increasing determination by the govern

ment to do something about the problem of large government stocks of 

feed grains, and it is assumed that measures to hold the production of 

feed grains will likely continue.

Farm Storage Facility Loans

Government policy has been to encourage the building of farm 

storage facilities for farm produced commodities. In 1949, the Farm 

Storage Facility Loan program was established to provide for increased 

farm storage facilities for farm produced commodities. CCC funds have 

been made available for nonrecourse loans to producers of grain and 

cotton seed to finance the construction or purchase of farm storage facil

ities. Presently farmers may borrow up to 95 per cent of the cost of the
o

facility at 3 per cent interest. The loan is to be repaid in five years.

* Arizona Crop and Livestock Reporting Service, Annual Crop 
Report—With Comparisons, 1960, Statistical Reporting Service, U.S. 
Department of Agriculture, Phoenix, 1960.

2 Pima County ASCS Office, Tucson, Arizona.
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Since the inception of this program, 266 loans have been made 

in Arizona for the construction of facilities with a total capacity of over 

152,000 tons of grain. The state ASCS office reported that "it is esti

mated that an equal number of facilities with even greater capacity 

could very profitably be constructed on grain farms in Arizona." *

Benefits from this program are included in the costs-benefits section 

of this thesis, and it will be assumed that these benefits will continue.

Price Support and Commodity Loan Programs

Operations of the United States Department of Agriculture to 

stabilize prices of farm commodities are referred to as price support 

programs. The primary feature of the price support program is the 

establishment of dollars and cents price guarantees or support prices 

for certain commodities. For grains, price support is obtained through 

loans and purchase agreements. Farmers may take out a loan on stored 

grain with the choice of marketing it on the open market before the loan 

maturity or letting the loan mature. At loan maturity, title to the grain 

goes to the CCC. The grain must be delivered to an approved warehouse 

or CCC storage site upon maturity of the loan, unless it is resealed on 

the farm. Generally, if the market price rises far enough above the 

support price to pay service charges and loan fees and still leave a margin

Arizona ASCS, 1960 Annual Report. U.S. Department of Agri
culture, Phoenix, p. 27.
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the commodity is sold on the open market. However, if the market 

price is not enough above the loan price, it is more profitable to 

deliver the grain to the CCC at the maturity of the loan.

Activity in the price support program in Arizona has been 

rather low, particularly for barley, wheat, and oats because Arizona 

has been importing these grains. Until 1959, grain sorghum was an 

exported grain. However, it appears that the grain position is chang

ing and significant quantities of grain sorghum have been imported in 

the last couple of years. The price support program for grain sorghum 

was fairly active in 1957 and 1958. Since 1958 it has been very low.

Relationships between market price, support price, amount of 

grain placed under loan, and amount of grain delivered to the CCC are 

shown for barley and grain sorghum in Figures 10 and 11. The support 

price for barley used was the support price for Maricopa and Pinal 

counties. These counties produced 81 per cent of the barley in the 

state in 1959.* The support price in the major grain sorghum produc

ing counties varies considerably. Yuma county had the highest support 

price. Cochise county averaged about 35 cents per hundredweight lower 

than Yuma county. Maricopa and Pinal counties were two or three 

cents per hundredweight lower than Yuma. In 1959, Cochise county

* U.S. Bureau of Census, U.S. Census of Agriculture: 1959,
Vol. I, Counties, Part 43 Arizona, U. S. Gov’t. Printing Office, Wash
ington, D. C., 1961, p. 130.



34

PRICE AT LOAN MATURITY 

-PR IC E AT HARVEST

SUPPORT PRICE— ►

O  50
REDEEMED

Z  4 0
DELIVERED

O  30 F= FARM 
W=WAREHOUSE

F iW i F i Wi F iW
1954 1955 1956 1957

YEAR
1958 1 1959 1 I960

3.20

3.00  

2.80  

2.60  

2.40

2.20

2.00 

1.80 

1.60

Source: Arizona ASCS, Annual Report, Agr. Stab, and Cons. Serv., 
U.S. Department of Agriculture, Phoenix; and Arizona Crop 
and Livestock Reporting Service, Annual Crop Summary-- 
With Comparisons. Stat. Rpt. Serv., USD A, Phoenix.

Figure 10. Barley: Price spread; support price; CCC loan--obtained, 
redeemed, delivered.
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Figure 11. Grain sorghum: Price spread; support price; CCC loan— 
obtained, redeemed, delivered.
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produced 41 per cent of the grain sorghum in the state, while Maricopa 

and Pinal counties produced 39 per cent. * The support prices for both 

Cochise and Yuma counties were used in Figure 11. The price spread 

presented in Figures 10 and 11 may be defined as the difference 

between the price at harvest (lower line) and the highest price that the 

grain reached between harvest and loan maturity based on the state 

average monthly price (upper line). The loan maturity date was March 

31 for all years.

Several characteristics of grain utilization in Arizona may be 

influenced by the amount of grain delivered to the CCC. Generally, 

large deliveries indicate that the state is producing more grain than is 

needed for normal utilization and export shipments, while few or no 

grain deliveries show that these demands approximately balance pro

duction. Figure 10 shows that only small amounts of grain sorghum 

were turned over to the CCC from 1958 to date. Market prices were 

above support levels, indicating strength in the market, even though 

production increased. Barley prices, generally, have remained above 

the support price since 1954. There have been no deliveries of barley 

to the CCC since 1957.

"When the support price rose above the market price, generally, 

there was a large amount of activity in the loan program. If the market 

price between harvest and loan maturity failed to rise above the support

1 Loc. cit.
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price, large amounts of grain were turned over to the CCC. Apparently, 

there were times when loans were paid off when it would have been 

more profitable to turn the grain over to the CCC. This situation 

occurred in 1954 with grain sorghum when the market price never 

reached the top range of the support price. In this particular instance 

a rise in the price after the loan maturity was probably anticipated.

In summary, Arizona apparently utilizes nearly as much feed 

grains as it produces. Under existing government policies participation 

in commodity loan programs is not high. This situation will likely con

tinue if government programs remain the same and if the cattle feeding 

industry continues to expand in Arizona and California.

Reseal Programs

A final program that may affect the profitability of on-farm 

grain storage is the government reseal program. This program will be 

applied to Arizona farmers for the first time on the 1961 crop. The 

reseal program allows farm ers to continue storing a commodity that is 

under loan after the maturity date. If at loan maturity the farmers 

decide to "deliver” the grain to the CCC, it is normally delivered to an 

approved warehouse or a specified CCC storage site. If, however, the 

state ASCS committee determines that, first, the commodity can be 

safely stored on farms for the period of the reseal loan and, second, 

that it will be advantageous to producers and the CCC to permit pro-

\
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ducers to obtain reseal loans, then producers who have farm-storage 

loans or who have signed a purchase agreement covering the commod

ity in farm storage may reseal the commodity providing eligibility 

requirements are met. Storage payments are made to the producers 

for storing this grain for the CCC. Storage payments to Arizona pro

ducers for both grains in 1962 will be about 14 cents per bushel for 

one year’s storage.*-

The future level of participation in the reseal program by 

Arizona farm ers is difficult to predict. There are several opposing 

forces. On the one hand, the trends for the state to import grain and 

programs designed to reduce production would tend to bolster prices 

and reduce loan activity. On the other hand, this program could be an 

incentive for increased activity in the loan program. Combined with 

the low cost Farm Storage Facility Loan program, the reseal program 

could initiate increased farm storage facility construction. If market 

prices were only slightly above the loan price, this program might be 

the incentive to some farm ers to put their grain under loan.

County Surplus Deficit Areas

The need for storage in any area may be associated with the 

supply and utilization of feed grains in the area. If an area produces

1 Pima County ASCS Office, Tucson, Arizona.
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more than it uses, it is a surplus area. Conversely, if it uses more 

than it produces, it is a deficit area. In order to get an idea of possible 

storage needs for different areas of Arizona, the surplus-deficit posi

tion was estimated for each county. The year 1959 was chosen because 

it was the latest year for which county data were available.

The surplus-deficit position for any county can be defined as 

the difference between the production and utilization. The feed grain 

production of the county is simply the sum of the county production of 

feed grains. The utilization is determined by first estimating the num

ber of livestock in each class for the county; second, determining the 

amount of feed grains consumed by each animal in one year for each of 

these classes; then multiplying the number of livestock in each class 

by the feeding rate for each class and summing the feed grain consump

tion for all classes.

This analysis has several weaknesses because of the nature of 

the data available. First, the production of different feed grains will 

not be in the same proportion as the consumption requirements for the 

county. This implies grain may be imported to meet feed requirements. 

At this point it was assumed that feed grains substituted freely for each 

other, or that an equivalent outshipment balanced each inshipment. 

Results may also be misleading because of errors in estimating feeding 

rates or county livestock numbers. In the author’s opinion, the



methodology was an adequate but not ideal way to delineate general 

areas of net annual surplus or deficit of feed grains.

Computational Procedure

The previous paragraph outlined the conceptual analysis. How

ever, the form, type, and nature of data necessitates a detailed compu

tational description if procedures are to be duplicated by another 

investigator.

County Feed Grain Production

Production of feed grains by county was estimated by the sum

mation of the production data for barley, grain sorghum, corn, and 

oats. These data were reported in the 1959 Census of Agriculture.^

County Feed Grain Utilization

County utilization was estimated in four steps. First, the state 

concentrate requirement was estimated. Secondly, concentrate require

ment was converted to state feed grain requirements. Thirdly, county 

livestock numbers were estimated and, finally, county feed grain 

requirements were estimated.

State concentrate requirements. State concentrate require

ments by class of livestock were estimated by multiplying the number 

of livestock in each of 16 classes by the annual concentrate requirement 

for each class (Table 1). Feeding rates were obtained from a study by

40

1 U.S. Bureau of Census, op. cit., p. 130.
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Table 1. Estimated State Feed Grain Requirements by Class of 
Livestock, 1959.

Class

Number
in

State

' Est.
’ Feeding 
' Rates

t  O U t L C  t  / . ,  /

,(000head),
1/ head/,

year)^

State ’ State 
Concen- ' Feed 

trate ' Grain 
Require-' Require

ments ' ments 
(000 lbs.) (000 lbs.)

Milk cows 54 1, 846 %9, 684 '55, 006
Dairy heifers 16 200 3, 200 1, 766
Dairy heifer calves 18 390 7, 020 3, 874
Dairy bulls 2 350 700 386
Beef cows 372 75 27, 900 664
Beef bulls 17 165 2, 805 67
Other beef 282 130 36, 660 873
Beef cattle grain fattened 210 3/ 790, 648 637, 341
Sheep grain fattened 29 125 3, 625 263
Stock sheep 433 18 7, 794 565
Hogs 35 1,070 37,450 36, 210
Layers 775 107 82, 925 62, 832
Farm chickens 930 23 21, 390 17, 571
Broilers 704 6.95 4,893 3, 707
Turkeys 103 102 10, 506 7, 960
Horses and mules 58 191 11, 078 H, 078

U.S. Department of Agriculture, Agricultural Statistics, 1960, U.S. 
Gov't. Printing Office, Washington, D. C., 1961.

Gordon A. King, Regional Supply and Distribution of Feed, 1957-58, 
California Agricultural Experiment Station, Giannini Foundation 
Research Report No. 248, Davis, August, 1961.

Feeding rates for cattle and calves on feed were not computed on a 
per head basis but on the number of pounds gained. The values used 
for this purpose were: cattle and calves on feed January 1, 1959 * 
210,000 head, ratio of number marketed to number on feed * 1.91, 
average number of days on feed * 128, assumed weight gain per day * 
2.2 lbs., and pounds of concentrate per pound of gain * 7.0.
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Gordon A. King. * Livestock numbers for Arizona, with classes com

parable to those used for feeding rates were derived from the 1960
o

Agricultural Statistics.

State feed grain requirements. To convert concentrate require

ments to feed grain requirements (Table 1), the percentage of concen

trate that is composed of feed grains was estimated for all classes of 

livestock. Estimates of the composition of concentrates for different
3

classes of livestock by Jennings were used, except for cattle and 

calves on feed where unpublished data from the Department of Agrieul-
4

tural Economics, University of Arizona, were used.

County livestock numbers. County livestock numbers are 

reported in the Agricultural Census, but are in much broader classes 

than the classifications used by King. A method to adjust data from 

broad census classification to the more detailed breakdown was required.

Gordon A. King, Regional Supply and Disposition of Feed, 
1957-58, California Agricultural Experiment Station, Giannini Founda
tion Research Report No. 248, Davis, August, 1961.

2
U.S. Department of Agriculture, Agricultural Statistics, 1960, 

U.S. Gov’t. Printing Office, Washington, D. C., 1955.
3

R. D. Jennings, Feed Consumed by Livestock and Supply and 
Disposition of Feeds, by States, 1949-1950, Agricultural Research 
Service Statistical Bulletin No. 145, U.S. Department of Agriculture, 
Washington, D. C., June, 1954, p. 64.

4
Norman Gene Wright, An Estimate of the Relative Efficiencies 

of Feeding Cattle in Various Areas in the United States, 1960, Arizona 
Agricultural Experiment Report (in the process of publication), Tucson.
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The method used to adjust these data was to assume that the ratio of 

livestock numbers of the county to the state is the same for the more 

detailed classes used by King, as for the broader classes in the Census 

(Table 2). For example, Census data lists only milk cows in the dairy 

classification. King lists feed requirements for milk cows, dairy 

heifers, dairy heifer calves, and dairy bulls. The ratio of milk cows 

for Apache county to the state total is about .5 per cent according to 

the Census. In order to form the other classifications, it was assumed 

that Apache county has .5 per cent of the dairy heifers, dairy heifer 

calves, and dairy bulls. This reasoning was not used to estimate cattle 

on feed because of their dominant nature and the risk of error. County 

ratios for cattle on feed were obtained from a weekly letter of the 

Arizona Cattle Feeder's Association, which reports the number of 

cattle on feed in each feedlot throughout the state.

County feed grain requirement. Feed grains consumed by class 

of livestock for each county were obtained by multiplying the county 

ratios of livestock numbers by state feed grain requirements. County 

total feed grain requirements were the summation of the feed grain 

requirements for all classes in the county (Table 3).

Cattle on feed utilized almost 90 per cent of the feed grains con

sumed in Arizona according to this analysis. Because of the dominant 

role of cattle on feed, the feed grains consumed by cattle on feed was 

estimated a second time. King's method was followed using unpublished



Table 2. Equivalents Used to Determine County Livestock Ratios. 1

LIVESTOCK CLASSIFICATION

For Feeding Rates
t t
, For State Livestock Numbers , For County Livestock Numbers

from King2 , from Agricultural Statistics^ , from Agricultural Census^

Milk cows Cows and heifers 2 years old and 
older kept for milk

Milk cows

Dairy heifers Heifers, 1-2 years old kept for milk Same ratio as milk cows
Dairy heifer calves Heifer calves under 1 kept for milk Same ratio as milk cows
Dairy bulls Cattle and calves other than cows and 

heifers kept for milk: bulls^
Same ratio as milk cows

Beef cows Cattle and calves other than cows and 
heifers kept for milk: cows and 
heifers 2 years and older

Cows incl. heifers that have 
calved—less—milk cows

Beef bulls See footnote 5 Same ratio as beef cows
Other beef All cattle and calves, incl. cows and 

heifers kept for milk, less all other 
classes used

Same ratio as beef cows

Beef cattle grain fattened Cattle and calves: number on feed See footnote 6
Sheep grain fattened Sheep and lambs on feed Sheep and lambs
Stock sheep Stock sheep and lambs Same ratio as sheep and lambs
Hogs Hogs Hogs and pigs
Layers Hens and pullets Chickens 4 months old and 

older
Farm chickens Chickens raised Same ratio as layers
Broilers Broilers Same ratio as layers
Turkeys Turkeys raised Turkey hens kept for breeding
Horses and mules Horses and mules Horses and mules

Footnotes continued on next page.



Table 2. Footnotes continued.

County ratios are the percentage of the state total number of livestock in each county, for each class, 
o

Gordon A. King, Regional Supply and Distribution of Feed, 1957-58, California Agricultural Experi
ment Station, Giannini Foundation Research Report No. 248, Davis, August, 1961.

3
U.S. Department of Agriculture, Agricultural Statistics, 1960, U.S. Gov’t Printing Office, Washington, 
D. C., 1961.

4
U.S. Bureau of Census, U. S. Census of Agriculture: 1959, Vol. I, Counties, Part 43 Arizona, U.S. 
Gov't. Printing Office, Washington, D. C., 1961.

5
Dairy bulls and beef bulls are not separated in Agricultural Statistics. The same ratio as beef cows 
to milk cows was used to separate the two classes.

fi The Arizona Cattle Feeder’s Association Weekly Newsletter reports the number of cattle on feed in all 
major feedlots. County ratios for cattle on feed were based on these reports.



Table 3. Feed Grains Consumed by Class of Livestock, by County, in Arizona, 1959.

County
i
’ DairyT

, Beef 
, Cattle

’ Cattle 
' on
' Feed

t
' Sheep
t

? t
' Hogs '
t t

f f
Chickens’ Turkeys’

f f

Horses' 
and ' 

Mules'
Total

Apache 305 114
(In thousands of pounds) 

0 190 250 421 23 2, 048 3, 351
Cochise 2, 222 169 0 1 3,969 2, 507 156 493 9,516
Coconino 177 86 0 132 362 446 18 1,059 2, 279
Gila 195 88 0 0 65 639 6 291 1, 286
Graham 2,746 143 12, 747 0 1,448 1,421 26 384 18, 917
Greenlee 714 47 701 0 1,861 311 29 133 3, 797
Maricopa 46,460 117 477,305 188 11,918 26,411 451 1,214 564, 083
Mohave 299 60 0 1 214 404 20 120 1,117
Navajo 854 120 466 174 894 2,481 37 2,068 7,075
Pima 1, 330 198 39, 388 3 3,472 32, 848 5, 796 1, 729 84,401
Pinal 2,142 115 54,449 51 5,852 10,001 26 430 74, 067
Santa Cruz 281 95 6, 501 0 40 1,009 14 222 8, 163
Yavapai 2, 368 228 191 1 2,499 4, 769 814 721 11, 591
Yuma 928 21 44, 614 87 3, 357 807 544 163 50, 521
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data from the Department of Agricultural Economics, University of 

Arizona. * King assumed a single weight gain coefficient for the entire 

United States. In addition, a single estimate of concentrate require

ments per pound of gain was used for all areas. Data used in the 

second estimate developed separate estimates of these coefficients for 

Arizona. An estimate of 2.5 pounds of gain per day on feed appeared 

representative for Arizona. This compares to 2.2 pounds of gain per 

day used by King. King used seven pounds of concentrate per pound of 

gain, while the University of Arizona data indicate 6:86 pounds. The 

average number of days on feed for Arizona was estimated as 129 as 

compared to 128 by King. The most important change was the difference 

in pounds of gain per day. The difference between 2.2 and 2.5 pounds is 

amplified when summed over all cattle. The second estimate of the 

amount of feed grain fed in the state for all classes increased 155, 942 

thousand pounds, or about 16 per cent over the first estimate.

Conclusions

Arizona appeared to be a deficit state in 1959 (Table 4). The

state showed a deficit of about 918, 000 thousand pounds compared to a
2

surplus of 908, 000 thousand pounds in 1955. Large surpluses occurred

Norman Gene Wright, ojx cit.
2

Robert S. McGlothlin, Hay and Feed Grains in the West, Agri
cultural Experiment Station Bulletin 289, Tucson, November, 1957.



Table 4. Feed Grain Surplus -Deficit Position of Arizona Counties, 1959.

County

f

' Produc- 
' tion 1
T

T

t Estimate I
f

f Estimate n

' Utiliza- 
' tion

f
, Surplus , Deficit , Utiliza- ' 

tion * Surplus , Deficit
(In thousands of pounds)

Apache 1, 697 3, 351 1, 654 3,351 1, 654
Cochise 135,129 9,516 125, 614 9,516 125, 614
Coconino 1, 685 2, 279 594 2,279 594
Gila 553 1 ,  286 732 1 , 286 732
Graham 16,149 18,917 2, 768 20,476 4,327
Greenlee 1, 736 3, 797 2,061 3, 883 2,146
Maricopa 309,373 564,083 254, 710 622,475 313,102
Mohave 2,690 1, 117 1, 573 1,117 1, 573
Navajo 5,997 7,075 1,078 7,130 1, 133
Pima 47, 653 84,401 36, 748 89, 220 41, 566
Pinal 148, 761 74,067 74, 695 80,850 67,911
Santa Cruz 522 8,163 7, 640 8,958 8,436
Yavapai 2,112 11, 591 9,479 11, 614 9, 502
Yuma 73, 271 50, 521 22, 751 55,979 17,293
State 747,331 840,163 92,832 918,134 170,803

* U.S. Bureau of Census, U.S. Census of Agriculture: 1959, Vol. I, Counties, Part 43 Arizona, U.S. 
Gov't. Printing Office, Washington, D. C., 1961.

*>-
00
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in Cochise and Pinal counties in 1959. There were smaller surpluses 

in Yuma and Mohave counties (Figure 12). Even though Maricopa 

county produced 41 per cent of the feed grains in Arizona, the county 

was the largest deficit county, accounting for 82 per cent of the total 

deficit. Maricopa county used large quantities of feed grains because 

it contained over 80 per cent of the state's total number of cattle on 

feed.

Finally, the supply and disappearance of feed grains for 

Arizona can be estimated (Table 5). Total disappearance is the sum 

of all uses. Total supply, by definition, is equal to total disappearance. 

Other net inshipments were a residual. They may be considered 

mostly truck shipments, but will also reflect errors in estimating the 

feed grain requirements for the state. Total net inshipments from the 

second estimate were 258, 815 thousand pounds.

The exact needs for Arizona cannot be derived from this 

analysis. The purpose was to determine the general need for storage 

as it is related to production and utilization of feed grains in the state. 

However, this surplus -deficit analysis does give some insight as to 

the production-utilization position in Arizona. It can be inferred from 

this analysis that the state is utilizing more feed grains than it pro

duces and that storage can be provided for the feed grain utilized in 

Arizona provided grain storage in Arizona is profitable. The rest of
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DEFICIT, 1000 TONS PER COUNTY

OVER
150

51-150 23

2 0 - 5 0

0 -2 0

SURPLUS, 1 0 0 0 TONS PER COUNTY

20 -  50

51-150 0-20

OVER
150

Figure 12. Feed grains surplus-deficit areas, Arizona, 1959.



Table 5. Supply and Disappearance of Feed Grains in Arizona, 1959.

f
! Supply , Disappearance
' Stocks 
' Jan. 1,
' 1959 1/

' Produc- 
' tion 
' 1959d

' Net Inshipments J m^ i
t A t  m t 1 OI&l
, Rail* , Other5 , Supply

' Stocks ’ Farm 
' Jan. 1, ' food and
' 1960 2 /' seed6

t
' Fed6
t

' Total 
' Disappear- 
' ance

Estimate I 433, 656 747, 311 67,400
(In thousands of pounds)
180,844 1,429,231 526,892 26,176 840, 163 1,429, 231

Estimate II 433, 656 747,311 67,400 258, 815 1, 507, 202 526, 892 26, 176 918, 134 1, 507, 202

} Arizona Crop and Livestock Reporting Service, Grain Stocks Report, January 1, 1959, Statistical Report
ing Service, U.S. Department of Agriculture, Phoenix, 

o
Ibid., January 1, 1960.

3
U.S. Bureau of Census, U.S. Census of Agriculture: 1959, Vol. I, Counties, Part 43 Arizona. U.S. Gov't. 
Printing Office, Washington, D. C., 1961.

4
Bureau of Transport Economics and Statistics, Carload Waybill Statistics, 1959. State-to-state Distribu
tions—Animals and Products, One Percent Sample of Terminations in the Year 1959, Innerstate Com
merce Commission Statement SS-3, Washington, D. C., October, 1960.

5
Other net inshipments are a residual.

® U.S. Department of Agriculture, Agricultural Statistics, 1960, U.S. Gov't. Printing Office, Washington,
D. C., 1961.
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this thesis is devoted to investigating the profitability of building and 

utilizing on-the-farm storage facilities.



CHAPTER IH

COSTS AND BENEFITS OF FARM GRAIN STORAGE IN ARIZONA

The evaluation of relative costs and benefits from grain storage 

is one way to approach the decision to build storage facilities. Aggre

gation of these costs and benefits in an effort to generalize about the 

desirability of additional on-farm grain storage in Arizona can yield 

only gross results for each farm organization is unique. Factors such 

as size, type, and location of farm; the capital structure and length of 

planning period of the farm organization; and the amount and availability 

of farm labor and equipment vary from farm to farm. This variation is 

associated with a variation in the profitability of grain storage among 

farms.

In order that each farmer may consider his own situation in 

making decisions concerning investment in grain storage facilities, 

relevant variables have been analyzed at different levels. A series of 

budgets have been developed with these variables at different levels to 

show the profitability of grain storage in different situations.

The common measurements for grains in Arizona is by weight. 

Prices, production, and even yield of Arizona grains are usually 

referred to on either the basis of hundredweight or tons. However, the
53
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measurement of the capacity of a storage facility is a volume measure

ment. The different weights of feed grains make weight measurements 

related to storage complicated. For example, a 1, 000 bushel bin would 

hold 380 hundredweight of oats, 480 hundredweight of barley, and 560 

hundredweight of grain sorghum. For this reason all costs and returns 

are calculated on a bushel basis.

Benefits

There are several benefits or advantages that may arise from 

having storage facilities on the farm. Some of these benefits are tan

gible, others are intangible. Not all of the tangible benefits are meas

urable in monetary term s. Farm managers will likely have an idea of 

the value of benefits which are not quantified in this thesis, based on 

their experience and judgment, and may weigh farm storage decisions 

accordingly. The benefits discussed in this section are: (1) apprecia

tion of inventory due to seasonal price variation, (2) opportunity to take 

advantage of government programs, (3) federal income tax savings, (4) 

reduction of out-of-pocket harvest costs, (5) multipurpose use of the 

facilities, and (6) intangible and social benefits.

Appreciation of Inventory

The appreciation of inventory due to seasonal price variation is 

a major benefit from farm storage. In order to determine the significance



55

of seasonal price variation, analysis of variance techniques^" were used

to analyze monthly prices paid to Arizona producers for barley and
2grain sorghum from 1946 to 1960. This time period was relatively 

free from major, disturbances and was considered to be most repre

sentative of future price patterns. Two hypotheses were tested: (1) 

there is no difference between mean prices between months, and (2) 

there is no difference between the mean prices between years. These 

hypotheses were rejected for both grains at the 99 per cent confidence 

level (Table 6). Rejection of these hypotheses indicates a highly signif

icant price variation both among months and among years. The among 

years variation describes a changing price level over the years (see 

Figure 8). A significant among months variation indicates that monthly 

price variation exists. This price variation was the source of the 

appreciation of inventory from which returns to storage were derived. 

The next step was to describe the seasonal price variation. A
3

method outlined by Foote and Fox was used. This method isolates the

R. J. Foote and Karl A. Fox, Seasonal Variation: Methods of 
Measurement and Tests of Significance, Bureau of Agricultural Economics 
Agricultural Handbook No. 48, U.S. Department of Agriculture, Washing
ton 25, D. C., September, 1952, pp. 8-11. 

o
R. E. Seltzer and E. E. Pfuehler, Prices and Production of 

Arizona Farm and Ranch Products, Arizona Agricultural Extension 
Service Special Report No. 1, Tucson, 1959, pp. 5-10.

R. J. Foote and Karl A. Fox, op. cit., pp. 1-8.
3
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Table 6. Barley and Grain Sorghum: Analysis of Variance of Prices 
Received by Arizona Producers, 1946-1960.

T
Source of ,
Variation ,

Degrees ' 
of

Freedom ’

t
Sum of ,
Squares ,

!
Mean ,

Square , F

Barley
Total 179 36.2651
Years 14 27.7700 1.98 39.65**
Months 11 .7878 .72 14.31**
Months x years 154 7.705 b CJ

i

Grain Sorghum
Total 179 34.14
Years 14 21.05 1.50 21.87**
Months 11 2.16 .19 2.47**
Months x years 154 10.93 .07

Significant at the 1 per cent level.
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seasonal price variation as well as changes in seasonal price patterns 

over time. It was based on deriving a seasonal price index with a mean 

of 100 from a 24-month moving average price.

The first step was to decide whether or not seasonal price pat

terns exist and if they changed over time. In order to determine this, 

the ratios of the moving average to the original data for each month 

were plotted against time (Figures 13 and 14). Visual inspection indi

cates whether the degree of seasonal variation was significant and 

whether it has changed over time. Since most of the values for any 

given month were consistently above or below the 100 line by a fairly 

uniform amount for all years, it can be assumed that a seasonal pattern 

prevails and that it has not changed significantly during the period.

Next, the adjusted index of seasonal price variation was computed, 

following the method outlined by Foote and Fox (Figures 15 and 16).

Seasonal price patterns were derived by applying the seasonal 

price index to assumed representative prices (Table 7). Returns to 

storage from seasonal price variation are the difference between the 

price at storage entry and exit price. Returns could be calculated for 

any part of a season, but the decision to build new on-the-farm storage 

facilities usually depends on price changes from harvest to some later 

month.

Even though a seasonal price pattern exists and is well defined, 

variations in the magnitude of this seasonal price pattern will occur
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Figure 13. Barley: Monthly index of average price received by 
Arizona producers.
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Figure 14. Grain sorghum: Monthly index of average price received 
by Arizona producers.
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9 0 1______1______|______1______|______I______1______1______I______ |______ i I
MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. JAN, FEB. MAR. APR.

MONTH

Figure 15. Barley: Adjusted index of seasonal price variation to 
Arizona producers.

OCT NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT.
MONTH

Figure 16. Grain sorghum: Adjusted index of seasonal price variation 
to Arizona producers.
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Table 7. Barley and Grain Sorghum: Seasonal Price Patterns with 
Different Average Seasonal Prices, Based on the Index of 
Seasonal Variation to Arizona Producers, 1946-1960.

f  t

, Barley , Grain Sorghum

Month  ̂ Average Seasonal Price , Average Seasonal Price
' $2.30 ' $2.50 ' $2.70 ' $2.10 ' $2.30 ' $2.50

- (Avg. monthly price) (Avg. montnly price)
January 2.44 2.65 2.86 2.12 2.32 2.52
February 2.40 2.61 2.82 2.09 2.29 2.49
March 2.40 2.61 2.82 2.14 2.35 2.55
April 2.33 2.53 2.73 2.15 2.36 2.56
May 2.13 2.32 2.50 2.14 2.34 2.55
June 2.16 2.34 2.53 2.16 2.36 2.57
July 2.19 2.38 2.57 2.16 2.37 2.57
August 2.23 2.42 2.61 2.10 2.30 2.50
September 2.28 2.47 2.67 2.03 2.23 2.42
October 2.30 2.50 2.70 2.00 2.19 2.38
November 2.36 2.56 2.77 2.04 2.24 2.43

December 2.39 2.60 2.80 2.07 2.27 2.47



62

from year to year. This will result in yearly variations in the returns 

to storage from a seasonal price increase. Analysis of seasonal price 

variations can be expanded by calculating a confidence interval of the 

difference between the harvest price and the price for each succeeding 

month. * Average returns to storage and the confidence interval on 

these returns are shown in Figures 17 and 18. An 80 per cent confidence 

level was used in determining the confidence interval on returns to 

storage. This analysis may be interpreted as follows: The true mean 

of the difference in price from harvest to each succeeding month will 

lay between the stated limits unless the one in five chance that it will 

fall outside these limits holds.

Maximum returns to storage were attained by storing barley 

from May until January and grain sorghum from October until July. 

However, returns were only slightly lower when grain sorghum was 

stored until April. This latter period was selected for use in this study 

because the small additional returns from April until July were not suf

ficient to cover interest on the commodity for the same period.

1 2Confidence interval * d± t g^s^ where d is the difference
between harvest index price and the index price of each succeeding month, 
t gQ is the Student's t value at the .20 level of probability with 14 degrees

2 2 2of freedom, and * s. + s  ̂+  ̂ - 2p s.s^ + ^ ; where s is the standard

deviation of the index numbers and p  is the correlation coefficient of the 
harvest index price to each succeeding month.
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JUNE JULY AUG. SEPT. OCT. NOV. DEC. JAN. FEB. MAR. APR.
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Figure 17. Barley: Returns to storage with confidence limits, 
average price $2.30 per hundredweight.

NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT.

MONTH

Figure 18. Grain sorghum: Returns to storage with confidence limits, 
average price $2.10 per hundredweight.
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The average annual prices assumed most typical of recent 

prices were $2.30 per hundredweight for barley and $2.10 per hundred

weight for grain sorghum (see Figure 8). Hie price pattern for barley, 

based on this assumed average price and the index of seasonal price 

variation, varied from a low, or harvest price, of $2.13 per hundred

weight to a high of $2.44 per hundredweight. Expressed in cents per 

bushel, this is an average return of 14.80 cents per bushel. The 80 per 

cent confidence interval on this return extends from 0 to 29.5 cents per 

bushel. For grain sorghum, the average returns to storage based on 

the assumed average price and seasonal price index developed was 8.63 

cents per bushel. The 80 per cent confidence interval extended from 

-4.2 to 21.5 cents per bushel.

This price analysis leads to the inference that measurable sea

sonal price patterns exist for barley and grain sorghum, from which costs 

may be offset. If the period examined is representative of future price 

behavior, farmers may expect considerable returns from seasonal price 

patterns over a series of years. However, year-to-year returns may 

be expected to vary considerably with losses occurring in some years.

Government Programs

A second tangible benefit from farm storage facilities is the 

opportunity for farm ers to take advantage of price support loans avail

able from the Commodity Credit Corporation. A CCC loan protects the
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farmer from a price drop and allows him to profit from a price increase. 

The loan also provides the farmer with funds for farm operation or 

family expense at a low rate of interest. If a farmer takes out a CCC 

loan on his grain in storage and the market price does not rise above 

the loan price, the farmer may deliver his grain to the CCC at the loan 

price. The portion of the loan in excess of the amount for which the 

farmer could have sold his grain on the market may be considered a 

gain attributable to the loan program.

The government reseal program is closely related to the com

modity loan program. It will be available to Arizona farmers for the 

first time in 1962. An Arizona farm er may earn 14 cents per bushel 

by storing either barley or grain sorghum for an additional year, if he 

chooses to deliver title to his grain to the CCC under the commodity 

loan program.

In an informal interview, David B. Nobel, the county ASCS 

manager of Cochise county, was asked to assess the impact of this 

program in his county. Mr. Noble expressed his opinion that the pro

gram might be profitable to local grain sorghum producers. Cochise 

county produces about 40 per cent of the grain sorghum in Arizona. 

Almost all of the recent loan activity has taken place in Cochise county, 

and it is by far the largest surplus producing county in the state. In 

other parts of the United States, the reseal program has been used 

extensively by farm ers to store CCC grain stocks. Many farm ers in
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other areas have built farm storage facilities and used payments from 

this reseal program to pay for the costs of the facilities. By utilization 

of off-season labor to construct these facilities, construction costs can 

be kept down. When all CCC storage payments were applied to the cost 

of these facilities, the cost has been recouped in as few as three years. 

Extra management and expenses to maintain quality and the risk of a 

drop in grade are costs that must be considered. However, even with 

these costs considered, with proper management, reseal programs 

have proved profitable to many farmers.* Budgets from the Doane 

Agricultural Digest show that net returns from the reseal program 

with a 1, 000 bushel bin and 1958 prices and reseal rates paid 40 per 

cent of the loan cost of an ASCS loan to build the farm storage facility. 

When fixed costs were reduced by increasing the size of the facility to 

10,000 bushels, the reseal payments paid 71 per cent of the loan costs. 

With a 100, 000 bushel granary, all loan costs were paid and a net 

return of 48 per cent of the annual loan cost was obtained.

Farm storage facilities allow farmers to take advantage of gov

ernment price support and reseal programs. Although it appears that 

loan activity in Arizona is on the decline because the price support level

"Building Storage for the Reseal Program, " Doane Agricul
tural Digest, Vol. 22, No. 10-7, June, 1959, pp. 337-338.

2 Ibid., p. 338.
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is generally lower than the market price, an increase in the price 

support level or a change in government programs could initiate 

increased loan activity. The temporary nature of these government 

programs makes it impossible to calculate a monetary benefit applicable 

to the future with acceptable reliability.

Tax Savings

Savings in federal income taxes may be obtained by using grain 

storage to equalize annual farm sales. Equalizing farm sales is 

especially important in areas where annual yields vary considerably, 

where grain is the most important source of income, and where farmers 

have high incomes. On-farm grain storage can accomplish this pur

pose, at the same time taking advantage of other benefits of storage.

It is possible to quantify benefits from savings in income tax by analyz

ing variations in annual income to determine the savings possible and 

relating them to storage costs associated with storing for this purpose. 

However, there was no attempt to measure this benefit in this analysis 

because adequate data were not available. Each farmer should be able 

to estimate this benefit for himself and determine its value in his par

ticular situation.

Cost Reduction

Out-of-pocket costs at harvest time may be reduced with farm 

storage. Many Arizona farmers hire custom grain haulers to take grain
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to the elevator or feedict at harvest time. A farm er could operate 

during harvest with less help and equipment for handling of grain if 

farm storage were available. Farm labor and equipment could be used 

during slack seasons to deliver the grain. In some cases, farmers 

could harvest their grain with their own truck if farm storage was avail

able, but would have to hire an extra truck to haul to the elevator if 

farm storage was not available. Of course, if a farm is located very 

near an elevator and unloading wait-times are short, then, no reduction 

in harvest cost from farm storage could be expected.

Multipurpose Uses

The multipurpose use of a facility is an important factor in 

Arizona. Almost 80 per cent of the 2.4 million bushels of storage capac

ity built in Maricopa county under the government farm storage facility 

loan program were multipurpose type facilities. When grain is not in 

these facilities, they may be used as a garage, shop, machine shop, 

livestock shed, etc. Farmers may weigh the value of benefits derived 

from other uses according to the amount of time the facilities would 

likely be used for grain storage and others uses and the relative value 

of these services. Farmers who store grain for feed, seed, cleaning, 

mixing, or quality separation could also benefit from multipurpose

facilities.
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Intangible and Social

Finally, the intangible benefits and social benefits from farm 

grain storage should be defined. Benefits such as the satisfaction of 

having "grain in the bin" or having extra facilities on the farm are 

intangible but real benefits to some farmers. Theoretically, under the 

free enterprise system, if it pays a farmer to store grain on the farm, 

this will not conflict with social goals. Certainly, seasonal crops that 

are consumed throughout the year must be stored. Government policy 

is to encourage farm storage as evidenced by its programs.

Costs

Storage costs can be classified as fixed and variable. Fixed 

costs are those costs which are incurred whether or not the facility is 

used. They include interest on investment, depreciation, property 

taxes, insurance on the facilities, and maintenance costs not associated 

with use. In deciding whether or not to build storage facilities, fixed 

costs must be considered. After the facility has been built, only vari

able costs need be considered to determine whether or not to use the 

facilities. Variable costs are those costs incurred only when facilities 

are used and vary with the amount of use. Among the variable costs 

that are relevant to farm storage operations are extra hauling and 

handling of the grain; interest on commodity; shrink; cleaning, spray

ing, and repairing the facilities; and quality maintenance. Both fixed



and variable costs will be discussed as they relate to the decision to 

construct storage facilities on the farm.

Fixed Costs

Economies of size may be obtained from efficient use of 

resources in constructing storage facilities. In order to provide a 

basis for estimating construction costs at different levels of capacity, 

budgets of construction costs of facilities which used farm storage 

facility loans were collected from various ASCS offices in Arizona.

The construction cost per bushel of capacity was calculated for each 

of these facilities by dividing the total construction cost by the capacity 

of the facility. The per-bushel construction cost of 214 facilities was 

plotted against their capacity and analyzed by the regression technique. 

The equation which appeared to be the best fit was linear in log form 

(Figure 19). The resulting regression equation was Y * a + b (log X), 

where Y is the construction cost per bushel, a is the mean of the 

population corresponding to X * 0, b is the slope of the regression 

line, and X is the capacity in bushels. The analysis resulted in the 

equation Y * 69.3238 - 8.9135 log X. The coefficient of determination was 

.60, and the standard error of the estimate was 6.9 cents. All fixed 

costs in this analysis were estimated from this relationship. Construc

tion costs for various sizes of facilities are shown in the following

70

table:
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Y • 69.3238 - 8.9135 log X 

60 2 r • .60 S • 6.9 cents y.x 
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Figure 19. Construction costs of on-the-farm grain storage facilities in Arizona. 
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Capacity of Facilities
1, 000 5, 000 10, 000 25, 000 50, 000 100, 000

Total const, 
costs $426 $1, 818 $3, 367 $7, 531 $13, 720 $24, 756

Const, costs
per bu. 
(cents)

42.58 36.35 33.67 30.12 27.44 24.76

It was hypothesized that the correlation coefficient would have 

been higher if all of the budgets had contained adequate information.

In many cases, the only relevant information available was the total 

cost and the capacity of the facility. Information on type of facility, 

construction requirements, depth of the concrete floor, or how much 

extra equipment included was often missing. Sixty observations were 

eliminated from the analysis because they included such extras as 

dumping pits, or auger systems, or because it was apparent that other 

nontypical costs or savings were involved. The variation in construction 

costs over time were not large. All of the facilities considered were 

built between 1950 and 1960, with 84 per cent being built between 1953 

and 1956. Construction costs were not adjusted to 1961 levels because 

a plot of construction costs of several capacities showed little upward 

trend since 1950.

Depreciation

Depreciation represents that amount by which a fixed asset 

decreases in value as a result of changes other than changes in the
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general price level. Several methods of calculating depreciation such 

as sum of digits, declining balance and straight line are available. The 

straight line method was selected for this study because it gives a 

constant annual depreciation rate which can be applied to all years.

The yearly depreciation is determined by subtracting the estimated 

salvage value from the original cost and dividing the result by the 

estimated numbers of years of life. In this analysis, salvage value 

was assumed to be equal to the repairs and maintenance during the 

expected life of the structure and was omitted. This assumption was 

made because these data for both repair costs and salvage value under 

varying conditions were not available for Arizona. Under this assump

tion, annual depreciation is simply the original cost divided by expected 

years of life. Most manufactures of steel buildings estimate the life 

of their buildings to be 25 years or over. Depreciation rates for 15,

25, and 33 years life expectancies were calculated. The planning 

period of some farm ers may not extend beyond 15 years. On the other 

hand, the 33-year expected life was included because a 25-year life 

expectancy of a well-constructed steel building may be an underestimate 

for conditions in Arizona.

Depreciation costs, based on construction costs derived from 

the regression equation and straight line methods of calculation, range 

from 2.84 cents per bushel for the 1, 000-bushel facility and a 15-year
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depreciation rate to .74 cents per bushel for the 100, 000 bushel facility 

with a 33-year expected life.

Interest on Investment

Interest rates differ from operation to operation because of the 

variation in capital situations and alternative use of funds. The real 

cost of funds is the ’’opportunity costs", or the return funds will earn 

in an alternative investment. An average interest payment was used 

in this study. It was calculated by multiplying one half of the original 

cost by the appropriate interest rate. Annual interest payments were 

calculated for interest rates of 4, 6, and 10 per cent. These rates were 

assumed to be representative of farm operations with low, typical, and 

high opportunity costs. Farm ers in Arizona have the opportunity to 

obtain a loan from their county ASCS office for the purpose of building 

additional on-the-farm storage facilities. This loan can cover up to 95 

per cent of the cost of the facility, at a 4 per cent interest rate. It must 

be repaid in five years. A fourth annual interest charge was calculated 

based on the 6 per cent rate but including savings possible from utiliza

tion of an ASCS loan.

Annual interest costs varied from 2.13 cents per bushel for a 

1, 000-bushel facility at the 10 per cent rate to .50 cents per bushel for 

the 100, 000-bushel facility at the 4 per cent rate.
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Property Taxes

Farm buildings in Arizona are taxed as property and have an 

assessed valuation of about 24 per cent of their value. The average 

property tax levy in the major grain producing areas was .7402 mills 

in 1961.* An average yearly tax payment was used in this study 

because tax payments change as depreciation reduces the assessed 

valuation. Average annual tax payments were calculated by multiply

ing one half of the assessed valuation by the average tax rate.

Average annual property taxes range from .38 cents per bushel 

on the 1,000-bushel building to .22 cents per bushel on the 100, 000- 

bushel facility.

Insurance

Insurance costs for farm buildings vary between type of build

ing, amount of coverage, and insurance companies. Fire insurance 

usually varies slightly with the size of the facility. Extended coverage 

usually includes damage from windstorms or vehicles, with a $50 deduct

ible applying to wind damage. Based on rates paid by grain producers 

with ASCS farm storage facility loans and quotations from insurance 

companies, insurance costs in Arizona average about $1.00 per year 

for each $100.00 valuation.

* The Arizona Tax Research Association, Arizona Property 
Tax Rates and Assessed Valuation, 1961 Supplement, Phoenix, Septem
ber, 1961.
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Insurance costs for this illustration vary from .43 cents per 

bushel on the 1, 000-bushel facility to .25 cents per bushel for the 

100,000-bushel structure.

Auger Costs

If a means to place grain into farm storage facilities and later 

remove it are not already available on the farm, the cost of an elevator 

or auger may also be considered as a fixed cost. The cost of equip

ment to perform this function varies considerably. Some Arizona 

farmers have installed elaborate and expensive systems to perform 

this function. The most common method, however, is by the portable 

auger. A cost of $425 was considered representative of auger costs 

based on auger costs derived from the budgets collected from the ASCS 

offices. With this cost, average yearly fixed cost of a portable auger 

with a 25-year life expectancy, an interest rate of 6 per cent, and 

average tax and insurance rates was $36.30.

Other Fixed Costs

Fixed costs, up to this point, have been treated as if the facility 

were used at 100 per cent of capacity. However, since fixed costs are 

incurred whether or not facilities are used, the utilization of capacity 

will affect the per-bushel fixed costs. Fixed costs per bushel will 

triple if the facilities are only used at one third of capacity. If used 

at 50 per cent of capacity, they will double and if used at two thirds of
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capacity, they will increase to 150 per cent of the base value. It is 

important, therefore, that grain storage facilities be used at 100 per 

cent of capacity if fixed costs are to be minimized. In the case of a 

multipurpose type of facility, using the facility for grain storage at 100 

per cent of capacity may not be as important as for types of facilities 

where the only practical use is for grain storage. The value of second

ary uses may be considered as an offset to fixed costs. It is conceivable 

that the value of a secondary use could be large enough to pay all costs, 

both fixed and variable, and show a net return.

Total fixed costs in this study range from 9.41 cents per bushel 

for the 1,000-bushel facility with an auger, using 15-year depreciation 

and 10 per cent interest rates to 1.71 cents per bushel for the 100,000- 

bushel facility, using 4 per cent interest and 33-year depreciation rates. 

This is assuming all facilities are used at full capacity.

Variable Costs

Extra Labor and Transportation

When a producer stores grain on the farm rather than delivering 

directly to the market from the combine, he must pay for the extra 

labor and transportation needed to place the grain in storage and take it 

out at a later time to deliver to the market. This variable cost is one of 

the largest and most difficult to estimate. Estimates from other studies



78

range from one cent per bushel by Thompson* for Montana wheat 

farmers to 5 cents per bushel by Walker et al., for Oklahoma grain 

producers. The question of whether or not farm labor and equipment 

can be used for this purpose appears to be the main factor in determin

ing the amount of this variable cost. Considerable savings may be 

gained if the farmer is able to utilize farm trucks and labor during 

harvest to deliver to the granary and later to the market. This is 

especially true if the grain is delivered to the market in an off-season 

period or when there are no alternative uses for the labor and equip

ment.

Extra labor and transportation, based on the custom rate in 

Arizona, when the additional distance is five miles or less, costs 4.7
3cents per bushel for grain sorghum and 4.2 cents per bushel for barley. 

An arbitrary estimate of 2 cents per bushel was used as an estimate of 

the cost if farm labor and equipment were used.

Layton S. Thompson, An Analysis of the Decision-making 
Process of the Farm Firm as Related to the Construction of On-the- 
farm Grain Storage Facilities, Montana Agricultural Experiment Sta
tion Mimeograph Circular 82, Bozeman, May, 1954, p. 48.

2
Odell L. Walker et al., Seasonal Variation in Feed Grain and 

Alfalfa Hay Prices and an Analysis of Storage Alternatives in Oklahoma, 
Oklahoma Agricultural Experiment Station Bulletin B-590, Stillwater, 
October, 1961, p. 20.

3
Custom hauling rates are set by the Arizona Corporation Com

mission and were obtained by interview. They are $1.75 per ton for the 
first 5 miles and 5 cents per ton-mile over 5 miles.
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Interest on Commodity

It is generally agreed that an interest charge should be made on 

the financial investment in a commodity in storage, whether money is 

actually borrowed or not. The rate of interest should be the same that 

would have to be paid if money were borrowed during the storage per

iod. An interest rate of 3 1/2 per cent was used for this illustration. 

This low rate was used because it is the rate which grain producers 

with approved facilities must pay to obtain a CCC loan on grain in 

storage. Interest was calculated for eight months for barley and six 

months for grain sorghum. These periods correspond with the period 

of storage which will give maximum returns from a seasonal price vari

ation. Interest charges were calculated from harvest prices because 

this is the value of the grain when it enters storage. Harvest prices 

were $2.13 per hundredweight for barley and $2.00 per hundredweight 

for grain sorghum based on the average seasonal prices of $2.30 and 

$2.00 per hundredweight.

Interest charges on the commodities while in storage were cal

culated as being 2.38 cents per bushel for barley and 1.96 cents per 

bushel for grain sorghum.

Shrink

Shrink is usually considered the drop in moisture content from 

the time grain is placed into storage until it is taken out. The moisture



80

content at time of entry must be 13 per cent or less for safe storage.

After grain is placed into storage it will tend toward an equilibrium

moisture content which is affected by the mean relative humidity at any

particular time of the year. The mean relative humidity* and subse-
2

quent moisture equilibrium content of grain in storage was calculated 

for grain sorghum stored in Willcox in April and for barley stored in 

Phoenix in January. These are the end months of the storage period 

which was most profitable. Willcox and Phoenix were considered rep

resentative of grain sorghum and barley producing areas. The equilib

rium moisture content of barley stored in Phoenix in January was about 

12 per cent. It was about 11 per cent for grain sorghum stored in Will

cox in April.

Moisture content of grain at harvest time varies according to 

the maturity of the crop and weather conditions. Generally, grain so r

ghum is placed in storage in Arizona at a higher moisture content than 

barley, because of the nature of the crop and harvest weather conditions. 

In the Phoenix area, for example, the mean relative humidity in the 

grain sorghum harvest season is about 20 per cent higher than it is dur

ing the barley harvest season. Barley, because of the nature of its stem,

* The Institute of Atmospheric Physics, Arizona Climate, Uni
versity of Arizona, Tucson, January, 1960.

2
Carl W. Hall, Drying Farm Crops, Agricultural Consulting 

Associated, Inc., Engineering Specialists, Reynoldsburg, Ohio, 1957, 
p. 18.
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tends to stay at a lower moisture content after maturity than grain 

sorghum. It is not unusual for barley to enter storage in Arizona at 12 

per cent or lower, and since the moisture equilibrium of barley in the 

Phoenix area in January is 12 per cent, no shrink was calculated 

for barley in this study. Grain sorghum often enters storage near the 

maximum safe level of 13 per cent moisture content. However, it is 

not unusual for grain sorghum to enter storage at 12 per cent or lower. 

Shrink for grain sorghum was calculated at both the 1 and 2 per cent 

levels. A one per cent shrink based on the harvest price of $2.00 per 

bushel was 1.12 cents per bushel. Two per cent shrink was 2.24 cents 

per bushel.

Other Variable Costs

Repair and maintenance of storage facilities in Arizona can be 

considered negligible. Maintenance and repair of steel facilities will 

be low unless damaged by wind or vehicles. This damage is covered by 

insurance on the facilities which is a part of the fixed costs. Wind dam

age is usually $50 deductable, but full amounts are paid for vehicle 

damage. Salvage value at the end of the depreciation period was not 

considered in fixed costs. It was assumed that the salvage value would 

cover any repair and maintenance costs incurred up to this point. There

fore, no charge was made for repair and maintenance of the facilities.
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The cost of cleaning and spraying facilities before placing grain 

in them is also negligible. It is a real cost, but it represents such a 

small per-bushel cost that it was not included in this illustration. 

Turning grain in storage is seldom required in Arizona and was con

sidered another insignificant cost. The operating cost of an auger was 

also considered low enough to be ignored.

Variable costs range from 4.18 cents per bushel under the most 

favorable conditions to 10.21 cents per bushel for the least favorable 

conditions. Total costs, which are the sum of fixed and variable costs, 

range from a low of 5.89 cents per bushel to 15.99 cents per bushel.



CHAPTER IV

GRAIN STORAGE BUDGETS

Each farm operation is unique in its position with respect to the 

profitability of grain storage. In order to be able to estimate the pro

fitability of additional on-farm grain storage facilities, with varying 

conditions, budgets of net profits were developed for each grain. The 

budgets were developed from data in Tables 8, 9, and 10 which show 

the effect of gross returns and costs for different situations with respect 

to: (1) average price, (2) shrink, (3) cost of labor and equipment, (4) 

size of facility, (5) interest rate on investment, and (6) depreciation 

rate. Budgets were developed using rates considered to be nearest 

typical for Arizona farm operations (Tables 11 and 12). The effects on 

net returns of year-to-year variation in the quantity of grain stored in 

a fixed size facility were also examined.

The budget developed for barley shows that construction of new 

on-the-farm storage facilities would have been profitable even when the 

only benefit considered was the seasonal price increase. Net return 

with this budget was $366.50 when a 5,000 bushel facility was used. The

83
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Table 8. Barley and Grain Sorghum: Returns to Storage from Seasonal 
Price Variation in Arizona.

Item
f
, Average Price per Hundredweight
' $1.90 ' $2.10 ' $2.30 ' $2.50

Barley
(cents per bushel)

13.52 14.80 16.08
Grain sorghum 8.05 8 .90  9 .7 5  - - -

Table 9. Barley and Grain Sorghum: Variable Costs of On-the-farm 
Grain Storage in Arizona.

Item ' Average Price per Hundredweight
f $1.90 ' $2.10 ' $2.30 ' $2.50

Interest on grain in storage
(cents per bushel)

Barley, eight months
Grain sorghum, six months 1.77

2.18
1.96

2.38
2.14

2.59

Shrink*
Grain sorghum, 1 pet. 
Grain sorghum, 2 pet.

1.01
2.02

1.12
2.24

1.22
2.45

Extra labor and transportation
Custom

Barley
Grain sorghum

4.20
4.90

4.20
4.90

4.20
4.90

4.20
4.90

Farm
Barley
Grain sorghum

2.00
2.00

2.00
2.00

2.00
2.00

2.00
2.00

1 No shrink on barley.



Table 10. Fixed Costs of Additional O n-the-farm  Storage Facilities in Arizona.

Fixed Cost Capacity (bushels)
1,000 5,000 10, 000 25,000 50,000 100 , 000

Property Taxes .38 .32
Insurance on Facilities .43 .36
Interest on Investment

4 per cent .85 .73
6 per cent with savings 1.12 .96

from ASCS loan
6 per cent 1.28 1.09
10 per cent 2.13 1.72

Depreciation
15 years 2.84 2.42
25 years 1.70 1.45
33 years 1.28 1.09

Auger Purchase 3.63 .73

(cents per bushel)
.30 .27 .24 .22
.34 .30 .27 .25

.67 .60 .55 .50

.89 .80 .72 .65

1.01 .90 .82 .74
1.68 1.51 1.37 1.24

2.24 2.01 1.83 1.65
1.35 1.20 1.10 .99
1.01 .90 .82 .74
.36 .15 .07 .03

00CJ1
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Table 11. Barley: Model Budget of Costs and Returns for 5,000 and 
25,000 Bushel Farm Storage Facility.

, Capacity (bushels)
' 5.000 ! 25,000

(cents per bushel)
Fixed Costs -

Property taxes .32 .27
Insurance on facilities .36 .30
Interest on investment, 6 per cent plus Qfi QA

ASCS loan savings . y o • o U

Depreciation 1.45 , 1.20
TOTAL FIXED COSTS 3.09 2.52

Variable Costs
Extra labor and transportation, farm 2.00 2.00
Interest on grain in storage 2.38 2.38

TOTAL VARIABLE COSTS 4.38 4.38

Returns to Storage from Seasonal Price Increase,
Average Price $2.30 per cwt. 14.80 14.80

LESS TOTAL COSTS 7.47 6.90

NET RETURNS TO STORAGE 7.33 7.90
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Table 12. Grain Sorghum: Model Budget of Costs and Returns for 
5,000 and 25, 000 Bushel Farm Storage Facility.

Item , Capacity (bushels)
__________ ______________________________ ' 5 000 ' 25,000

(cents per bushel)
Fixed Costs

Same as for barley
TOTAL FIXED COSTS 3.09 2.52

Variable Costs
Extra labor and transportation, farm 2.00 2.00
Interest on grain in storage 1.96 1.96
Shrink, 1 per cent 1.12 1.12

TOTAL VARIABLE COSTS 5.08 5.08

Returns to Storage from Seasonal Price Increase,
Average Price, $2.10 per cwt. 8.63 8.63

LESS TOTAL COSTS 8.17 7.60

NET RETURNS TO STORAGE .46 .93
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investment in this facility was $1, 817.74. Building additional farm 

storage facilities was profitable even when the least desirable cost 

situation (10 per cent interest, 15-year depreciation, and use of custom 

labor and equipment) was used. The mean of the average yearly prices 

from 1946 to 1960 was $2.58 per hundredweight. When an average 

price of $2.50 per hundredweight was used, the returns to storage with 

the least desirable cost situation were 5.27 cents per bushel for the 

5,000-bushel facility used to capacity. This was an annual net return 

of $263.50 on an $1, 817.74 investment.

Net returns to storage from a seasonal price increase have been 

smaller for grain sorghum. The budget in Table 12 shows that net returns 

just cover storage costs. Interest rate, depreciation rate, average 

price, shrink, type of labor and equipment used, or purchase of an 

auger determine whether net returns were positive or negative for grain 

sorghum when the only benefit considered is from a seasonal price 

increase. Selection of rates less favorable than those in the budget made 

returns for storing sorghum negative. Change to more favorable rates 

resulted in larger positive returns to storage. The $1, 817.74 investment 

in a 5,000-bushel storage facility would have resulted in a net annual 

return from seasonal price variation of $23 for grain sorghum, using 

typical rates and returns from seasonal price increase.

Calculation of net returns using rates other than those in the bud

gets in Tables 11 and 12, can be accomplished by selecting the values
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from Tables 8, 9, and 10 for particular situations and modifying the 

budgets (Tables 13 and 14).

Variations in average seasonal price, the rate of shrink or the 

amount of custom labor and equipment from those in Tables 13 and 14 

will cause changes in net returns. Changes in the average seasonal 

price of the commodity will affect returns from appreciation of inven

tory and costs of interest on the commodity in storage in the same 

manner. These tend to offset each other so that variations in the aver

age seasonal price affect net returns relatively little. However, a 

change in the amount of shrink or use of custom labor and equipment 

affect net returns considerably. The effect on net returns of changes 

in these factors can be derived from Tables 8 and 9.

The same type of adjustment has been made with respect to the 

proportion of storage capacity used. No farm will produce the same 

amount of grain each year because of changing relative prices, govern

ment programs, weather conditions, and insect infestations. Assuming 

a 10 per cent variation on each side of average as representative of a 

small variation, the production with a 5, 000-bushel average would vary 

from 4, 500 bushels to 5, 500 bushels. Assuming a 40 per cent variation 

as representative of a large variation, the range would be from 3,000 

to 7,000 bushels. Figures 20 to 24 show that it is profitable to have 

storage available for the largest crop when net returns are relatively 

large, as they were for barley, even with variations of 40 per cent on



Table 13. Barley: Net Returns* to Storage from Seasonal P rice Increase.

Size
of

Facility
(bu.)

Interest Rate
4 per cent______ '_____6 per cent______ *6 per cent + ASCS loan'_____10 per cent

Depreciation Rate
15 ’ 25 ’ 33 ' 15 ' 25 ' 33 » 15 ' 25 ' 33 ' 15 ' 25 ' 33

years T years ' years * years ' years ' years * years ' years * years ' years ' years ' years
(cents per bushel)

1, 000 5.92 7.06 7.48 5.49 6.63
5,000 6.59 7.57 7.92 6.23 7.20
10, 000 6.87 7.76 8.10 6.53 7.42
25, 000 7.15 8.05 8.35 6.95 7.75
50, 000 7.53 8.26 8.54 7.26 7.99
100, 000 7.80 8.66 8.71 7.56 8.22

7.05 5.65 6.79 7.21 4.64 5.78 6.20
7.56 6.36 7.33 7.71 5.50 6.47 6.83
7.76 6.65 7.54 7.88 5.86 6.75 7.05
8.05 7.04 7.85 8.15 6.33 7.14 7.44
8.27 7.36 8.09 8.37 6.71 7.44 7.72
8.47 7.65 8.31 8.56 7.06 7.72 7.97

1 Based on an average price of $2.30 per hundredweight and use of farm labor and equipment.

COo



Table 14. Grain Sorghum: Net Returns to Storage from a Seasonal P rice Increase.

Size
f
t Interest Rate

of f 4 per cent 1 6 per cent ’6 per cent + ASCS loan f 10 per cent
Facility

(bu.)
t
t Depreciation Rate

*• ' 15 ’ 25 ' 33 ’ 15 ' 25 ' 33 ' 15 ’ 25 ’ 33 ’ 15 ’ 25 ’ 33
' years ' years * years * years * y ears ' years ’years ’years ’ years ’years ’years ’ years

(cents per bushel)
1,000 -.68 .46 .88 -1.11 .03 ’ .45 -.95 .19 .61 -1.96 -.82 -.40
5,000 -.01 .96 1.32 -.37 .60 .96 -.24 .73 1.11 -1.10 -.13 .23
10,000 .27 1.16 1.50 -.07 .82 1.16 .05 .94 1.28 -.74 .15 .49
25, 000 .55 1.36 1.75 .34 1.15 1.45 .44 1.25 1.55 -.27 .54 .84
50, 000 .93 1.66 1.94 .66 1.39 1.67 .75 1.49 1.77 .11 .84 1.12
100, 000 1.20 1.86 2.11 .96 1.62 1.87 1.05 1.71 1.96 .46 1.12 1.37

Based on an average price of $2.10 per hundredweight, one per cent shrink, and use of farm labor and 
equipment.

CO
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each side of the mean. When returns are smaller, as with grain 

sorghum, it would have been more profitable to build storage for only 

the smallest crop, even when the variation is only 10 per cent.

The budgets in this analysis indicate that from 1946 to date 

Arizona farmers generally would have profited from building on-the- 

farm grain storage facilities to store the grain they produce. Returns 

from a seasonal price increase for the period 1946 to 1960 were very 

favorable for barley and adequate to pay all costs of storing grain 

sorghum under assumed typical conditions. These net returns are pure 

profit. Assuming the opportunity costs are reflected in the interest 

rate selected, these returns may be considered to be over and above 

the returns possible from the next best alternative. By assuming this 

seasonal price pattern as representative of future price patterns, the 

inference can be made that it will pay farmers to build storage facilities 

in Arizona. This would hold for most cost conditions for barley. It 

would not hold for high cost situations for grain sorghum unless the 

value of other benefits would increase returns sufficiently to offset 

higher than typical costs. Consideration of other benefits could make 

barley storage in Arizona even more advantageous.

96



c h a p t e r  V

SUMMARY AND CONCLUSIONS

Arizona has a dry climate which is conducive to trouble-free 

grain storage. With reasonable care, Arizona farm ers can store grain 

with little concern for damage from spoilage or insects.

The rapid growth of the cattle feeding industry has increased 

the consumption of feed grains until the state now utilizes more feed 

grains than it produces. However, the state stores less than one half 

of the current crop. This indicates that Arizona could utilize additional 

grain storage facilities.

The profitability of farm storage facilities was examined by 

budgeting the costs and benefits of additional facilities as the factors 

included in this study varied. Benefits may accrue to farm storage 

from appreciation of inventory, income tax savings, multipurpose uses, 

and cost reduction. The appreciation of inventory from a seasonal price 

increase was the only benefit quantified in this thesis. Returns from 

this source were significant for both grains. However, they were con

siderably larger for barley than for grain sorghum. In addition, returns 

for some years were very large, while for other years they were small 

or even negative.
97



98

Both fixed and variable costs must be considered when building 

new storage facilities. These costs will vary between farm operations 

with different capital structures, planning periods, and locations. Con

struction costs per bushel are lowered considerably when the size of 

the facility increases, especially for the first few thousand bushels.

This variation directly affects fixed cost per bushel.

Budgets comparing costs and returns showed that the net returns 

to storage from a seasonal price increase were considerable for barley 

but only slightly positive for grain sorghum for a 5,000-bushel facility. 

Net returns will vary considerably from operation to operation, depend

ing on the value of the costs and benefits pertinent to the particular 

operation.

Factors which tend to make on-farm grain storage a profitable 

undertaking are:

(1) Income tax advantage—A savings in income tax payments 

are possible by using farm storage facilities to level out net farm 

income and reduce average income tax payments. This is especially 

important for operations where grain crops are an important contributor 

to farm income and for operations with large annual incomes.

(2) Complementary use of facilities—Farm storage facilities 

which may be utilized for other purposes when grain is not being stored 

in them increase the benefit derived from them.
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(3) Government program participation—Use of low cost govern

ment funds to build storage facilities can increase net returns appreci

ably. Government commodity loan and reseal programs may also be 

profitable.

(4) Large facilities can be utilized—Reduction of costs per 

bushel was considerable as size of facility increases, especially for 

the first few thousand bushels.

(5) Low opportunity costs—Opportunity costs have consider

able effect on the cost and net returns of additional storage facilities. 

When the value of the foregone alternative use of funds is low, building 

grain storage facilities becomes a relatively more profitable enterprise.

(6) Long planning period—The length of the planning period may 

be reflected in the depreciation rate. Depreciation costs vary inversely 

with the life expectancy of the facility.

(7) Farm labor and equipment available—The cost of custom 

labor and equipment to place grain in farm storage and later deliver it 

was the largest single cost associated with farm storage in Arizona.

If farm labor and equipment are available for this task, costs can be 

held significantly lower.

The decision to build additional farm storage facilities should 

be based on a careful weighing of the relevant costs and benefits for 

each particular farm operation.. All benefits should be considered and
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compared to the costs which are pertinent to the particular farm oper

ation. Most Arizona farm operators during the past few years would 

have found it more profitable to build new farm storage facilities than 

sell the grain at harvest, although the year-to-year variations in 

returns were considerable.

There are several areas in this study where further research 

would be helpful in increasing the reliability of the results. The tangible 

benefits derived from grain storage should be examined and quantified 

in terms of monetary values where possible. The determination of 

savings from using farm labor and equipment when available to place 

and remove grain from facilities rather than hire custom operators 

might be useful. The wide variation of construction costs per bushel 

of storage facilities in the same size class indicates further investiga

tion might yield more reliable construction costs.

This study was limited to investigation of the profitability of 

on-the-farm storage facilities. Comparisons of the value of farm 

storage relative to other alternatives such as commercial storage has 

not been made. The grain storage problem investigated here exists on 

a more highly aggregative level. The need for grain storage might 

also be investigated for geographic areas or for the United States as a 

whole.

The type of analysis presented in this study could be expanded 

to include an analysis to estimate the amount, location, and type of
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grain storage facilities needed in the western states. The surplus- 

deficit analysis could be used to develop a spatial equilibrium model 

for feed grains in the west. This model could consider the costs and 

benefits of grain storage for each area as well as transportation rates.

This thesis presents an up-to-date framework on which an 

Arizona farmer can base a decision to build storage facilities. It does 

not answer macro-economics questions concerning movements toward 

equilibrium grain storage operations. This research does, however, 

present a base of information on which an equilibrium study could be

built.
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