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AN ECONOMIC COMPARISON OF MAJOR FARMING SYSTEMS
ON SOUTHERN MICHIGAN CASH-GRAIN FARMS

By

Kenneth Neal Wegenhoft

The major purpose of this study was to provide in-
formation to farmers, agricultural workers, and policy-makers
about pot~ntial incomes associated with alternative farming
systems on cash-grain farms in Southern Michigan. The spe-
cific ohjectives of the study were to: (1) describe major
farming systems on Southern Michigan cash-grain farms; (2)
determine the optimum farm organization associated with each
farming system and varying farm sizes; (3) compare the po-
tential incomes associated with these farming systems over
‘varying farm size levels; and (4) appraise the adjusfment
implications for cash-grain farmers.

Nine farming systems were studied, each differentiated
from the other by the manner in which land, labor, machinery,
or capital were acquired. These farming systems were: com-
plete ownership, ownership plus'crdp-sharé.rehtfin,-ownerShip'
plus cash rent-in, ownership plus custoh harvesting, crop-
share rent-in, cash rent-in, complete custom hire, cash rent-

out, and crop-share rent-out.



Kenneth Neal Wegenhoft

The "synthetic firm'" approach, with linear program-
ming and partial budgeting, was used to estimate potential
income and the optimal organization associated with the
alternative farming systeus. Four farm sizes were>as§umed .
for each farming system: 160 acres, 320 acres, 480 acres,
and 640 acres. A comparative analysis of the various farming
systems was based on the returns over cash costs; returns to
risk, management, and unallocated capital; operating capital;
labor utilized; optimal enterprise_organizétibni and the farm
size necessary to provide an income equal to that of an
average Michigan durable goods manufacturing worker in 1967.
Enterprises included in the analysis were corn, wheat, oats,
soybeans, and alfalfa.

The farming systems were analyzed with and without
off-farm work assumed for some of the farming systems. When
off-farm work was assumed, it was considered for only three
systems: crop-share rent-out system, cash rent-out system,
and complete custom hire system.

As farm size increased, fhe férming system (no labor
sold off-farm) which produced the largest refurns over cash
costs changed also. For the 160 acre farm size, the complete
custom hire system is the largest income producer because of
lower total machinery costs. In second place was the owner-
ship plus custom harvesting system. The custom hiring of
har&esting operations kept the machinery investment down and

returns up compared to the other farming systems at this
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level. As the farm size increased to 320 acres, the complete
ownership system became the largest income producer

with a range of $441 between this system and the second

place system. The comploté custom hire system ranked third.
Apparently the economies of size of the machinery complement
lowered the ownership costs below the custom charges, thereby
pushing the complete ownership system into first place. For
the 480 acre and 640 acre farm sizes, the complete ownership
system was the largest income prodqcer.

The introduction of off-farm Qork resulted in a re-
arrangement of the standings of the various systems, based
on income earning potential. For all farm sizes, the com-
plete custom hire plus off-farm work system was the largest
income producing systcm. As farm size iacrcased, the cash
rent-out plus off-farm work system and the crop-share rent-
out plus off-farm work system lost in ranking of importance
and the complete ownership system increased.

The optimal organization for the complete ownership,
ownership plus custom harvesting; cfoﬁ-;hare rent:in, com- |
plete custom hire, and crop-share rent-out farming systems
for all farm study sizes had the same proportions for each
crop.

The enterprise organiiation of the cash rent-out
system was not under the control of the operator. of this farm
sysfem, and therefore was not considered. The ownership plus

crop-share rent-in and ownership plus cash rent-in systems
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had identical enterprise organizations which differed from
the other systems in that they had a larger percentage of

corn and a smaller percentage of wheat and soybeans at the
larger farm sizes. |

There appeared to be little relationship between
potential incomes associated with the alternative farming
systems of various sizes and wages of industrial workers.
However, as might be expected, those farming systems which
had lower productivity required more acreage to provide the
income level desired.

Based on the returns over cash costs, it appears
that the larger farm sizes with the operator employed full-
time on the farm are relatively profitable which may result
in larger and fewer farms in the future. At the smaller
farm sizes, based on the larger associated incomes, the
operator will tend to custom hire part or all of the re-
quired machinery services, which may result in an increased
demand for custom services. The smalle? operators (less
than 320 acres) will tend to enlérgé fheir operations or to
take off-farm jobs in order that they might maintain or
raise their incomes. Pure tenancy will tend to decrease
because of low returns to these operations relative to
other farming systems and its.low capital generating abil-
ity. Corn and soybeans with a minimum acreage. of :wheat
allbwable to maintain the allotment will become the dominant

crops provided the government programs assumed for this
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study do not change. Based on the relatively low returns
over cash costs, it appears that the smaller rent-in and
rent-out farming systems will have little chance for growth
unless off-farm work is undertaken to'raise the inéome of |
these systems. Finally, the more resources that can be
acquired, the better opportunity it appears there is for a

higher income.
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CHAPTER I
INTRODUCTION

United States and Michigan agriculture are changing
rapidly in structure and resource usage. Farms are becoming
larger in size and fewer in number. 'Types of férms‘which
were predominate in the past are losing place to other,
different types. More capital and less labor are being
used in the productive processes.1 Likewise, management is
increasing in importance as farming becomes more complex in
its technical and economic problcms.z Thie allocation of
resources for an individual farm in this period of change
to maximize returns is an ever present and growing problem.
As change takes place, each firm has to adjust to the new

environment to attain the goals of the operator.

Problem Setting

In Michigan, farms with an annual sales of less
than $10,000 have declined in both absolute (from 47,372

5 to 37,377 farms in 1964%) and relative terms

farms in 1959
(42.4 percent and 39.9 percent in.1959 and 1964, respec-
tively, of all farms). At the same time, those farms with

an annual sales of more than $10,000 have increased. 1In



1959, the above $10,000 sales range accounted for 17,670
farms or 15.8 percent of all farms while in 1964 this same
sales range accounted for 22,810 farmsvor 24 .4 percent of
all‘farﬁs. In this same time period,'thé number bf ali
farms declined by 16.3 percent. These statistics indicate
that farms are becoming fewer in number and larger in size
over time.

The farms are also growing in size and declining 1in
number at different rates. The $10,000 annual salés'group'
is declining at a rate of 4.6 pefcent per year while the
above $10,000 annual sales farms are growing at a rate of
5.2 percent per year.

There have also been changes in the proportions of
the various typecs of farms. he three most numercus farm
types in Michigan are dairy, cash-grain, and livestock with
dairying being the most important. However, from 1950 to
1964, the number of dairy ‘farms declined by 55.8 percent
thle cash-grain farms increased by 3.0 percent. In this
same time period, livestock farm numbers'decliﬁéd by 19.6
percent. The relative importance of farm type has also
changed. In 1950, 45,8005 dairy farms accounted for 29.4
percent of all farms while in 1964 there were only 20,230
dairy farms which accounted for 21.6 percent of all farms.
This is a 5.7 percent rate of decline. The same downward.
trend is evident in livestock farm numbers. There were

10,857 livesfock farms (7.0 percent of all farms) in 1950.



By 1964, the number had declined to 8,725 livestock farms
(9.3 percent of all farms), at a 1.5 percent rate per year.

AThe exception to the general declining trend in
deblining farm numbers is the cash;gréin farm. from 1950
to 1964 the number of cash-grain farms increased from
14,972 farms to 15,418 farms or by 3.0 percent. This is a
.1 percent per year rate of growth. The importance of cash-
grain farms increased from 9.6 percent to 16.5 percent of
all farms in the same time period; If the preseht'tfend
continues, cash-grain farming will soon be the predominant
type of farming in Southern Michigan.

The question arises as to why there are fewer and
larger farms? Also, why have cash-grain and livestock farms
risen in importance and dairying declinced?

A number of reasons may be advanced. Agriculture ip
general is faced with serious overproduction problems which
lead to low prices for agricultural products. Also, many
input prices have been rising steadily. With stable prices
and rising costs, the per unit margin is falliﬁg. One way
to maintain or raise a level of income is to expand the
number of producing units. More units of production even
at low margins can often mean more income. But to expand
production facilities requires access to the necessary
~capital, the ability to manage the expanded operation, and
othef factors. Not all farm people have the resources
(human and physical) or want to expand their farming

operation.



Those farmers which cannot or do not want to expand
are faced with lower total returns from agriculcure. Many
of these, if they are able, seek off-farm employment to
supplement their farm incomes. Some ﬁay sell or fent-éut
the farm and move to town, others may live on the farm and
work it in their spare time while being employed off the
farm.

Most of the agriculturs in Michigan is located south
of a line drawn east and west from Bay City to Muskegon. In
this area, also, are many of the industrial centers of
Michigan. By looking at a map and drawing a circle around
each industrial center with a radius of 25 miles and a
second circle with a radius of 40 miles, it can be seen
that almost no arca in Southern Michigan is more than 40
miles from at least one industrial center and many are
within 25 miles (see Figure 1). This location enables many
farmers, if they so desire and have the skills necessary,
fo work at off-farm jobs.

Within the Southern Michigan areé, thefe are quite
a variety of cash-grain farming systems. According to
McMillan and Gonzales, "A system is a set of objects
together with relationships between the objects and their
attributes."6 In other words, a system is any method or
~way in which an objective is attained and the characteris-
tics of the method. Lee asserts that farmers are more and

more becoming organizers of resource services and less
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laborers.7 Combining these two concepts may partially
explain the variety of farm organizations. A farming system
is a method of producing agricultural products and its
characteristics are determined by the.ménner in which the
necessary resource services are acquired, the product dis-
posed of, and how these two functions are controlled and
administered. A cash-grain farming system is a method of
producing the various cash-grain crops characterized by the
manner in which the land, labor, capital; machiﬁery and
other resource services are acquired, the crops marketed,
and these two areas administered and controlled.

Land services may be obtained by renting (cash or
crop-share), leasing, ownership, gift, etc. Likewise,
capital might be borrowed or it might be the operator's own
capital generated from savings. Machinery services can be
gained through ownership, custom hiring, renting, or leas-
ing. Labor can be the operator's or it can be hired in a
variety of ways. Due to the many ways in which the methpds
of acquiring resource services may be combined, there aré

many farming systems possible.

Statement of the Problem

Through a study of selected cash-grain farming
systems representative of cash-grain farms- in-Southern
Michigan, the comparative profitability of these systems

may be analyzed. The following questions are of interest



to many farmers and agricultural workers: What size of
operation is necessary to provide an income comparable to
that which the operator might earn off farm? What is the
relative profitability of these alternative systems of
cash-grain farms where the farmer: works full time on the
farm, or part or full time in off-farm work; custom hires
all or part of the operation; rents out the land (cash or
crop-share basis); rents in land (cash or crop-share basis);
and owns the land he works. -

By determining how large a farm has to be to return
an income comparable to that of an industrial worker, some
indication of the comparative welfare of farm operators
using the various farming systems is obtained. It also
gives some indication of how mucih a small {arwm will have to
expand to obtain a comparable income. If this expansion is
not possible, other alternative actions might be sought.

The second focus of the study is on the alternative
farming systems by which a farmer can maximize his income.
‘The two most important variables inidetermining income ;fe
labor and capital. Labor is important in that it can be
used in two alternatives: (1) off-farm as a laborer, or
(2) on the farm. Due to the accessibility of high-paying
off-farm jobs and low returns in agriculture, it is very
important to the individual to know how to. divide his time.
For a given amount of time spent in farming, it is necessary

to know which farming system to use to maximize income.



Capital can be used in various ways to acquire
resource services. It can be used either to purchase land
or to rent it. Also, capital can b¢ used to acquire machin- .
er* services. Is it more profitable to custom hir: all 6r
part of the operations or to own the machinery to do it?
Should capital to cover operating expenses be borrowed or

provided by the operator?

Objectives of the Study

The major purpose of the study is to provide infor-
mation to farmers, agricultural workers, and policy makers
about potential incomes associated with alternative farming
systems on cash-grain farms in Southern Michigan. Specif-
ically, this study is aimed at estimating the income possi-
bilities for the farm operator under different labor usages
(on-farm versus off-farm), farming systems, and farm sizes.

The specific objeétives of the study are:

(1) Describe major farming systems on Southern Michigan
cash-grain farms.

(2) Determine the optimum farm organization associated
with selected farming systems for varying farm
sizes.

(3) Compare the potential incomes associated with these
farming systems over varying farm size levels.

(4) Appraise the adjustment implications for cash-grain

farmers.



Organization of the Remainder
of the Thesis

The organization of the remainder of the thesis is
given in the discussion below. Chapter II;-Conceptual
Framework and Research Procedures. The conceptual framework
of the study and the selection of the research techniques
used are discussed in this chapter. The sources of the
data, how the study situation was selected, and the assump-
tions of the study are also given. Chapter III--Results of
the Analysis. The optimum organiz#tibp of the resources
and potential incomes for the various farm sizes and farming
systems are presented. Chapter IV--Comparison of the
Alternatives and Implications of the Study. A comparison
of the olternative cash-grain farming systems and the
implications of the study are presented. Chapter V--Summary.
A brief summary of the objectives, results, and implications

of the study are presented in this chapter.



10
Footnotes

lJames D. Shaffer, '""The Scientific Industrialization
of the U.S. Food and Fiber Sector: Background for Market
Policy" in Agricultural Organization in the Modern Indus- .
trial Economy, NCR-20-68 “Columbus: Department of Agricul-
tural Economics and Rural Sociology, 1968), pp. 6-7.

2George F. Patrick and Ludwig M. Eisgruber, "The
Impact of Managerial Ability and Capital Structure on Growth
of the Farm Firm," American Journal of Agricultyral Econom-
ics, L, No. 3 (1968), pp. 499-503.

3U.S. Bureau of the Census, Statistical Abstract of
the United States: 1964, 85th ed. (Washington, D. C.:
Government Printing Offlce, 1964), p. 613 :

4U.S. Bureau of the Census, Statistical Abstract of
the United States: 1968, 89th ed. (Washington, D. C.:
Government Printing Office, 1968), p. 598.

5U.S. Bureau of the Census, Statistical Abstract of
the United States: 1954, 75th ed. (Washington, D. C.:
Government Printing Office, 1954), p. 662.

6Claudc Mciiillan and Richard F. Gonzales, Systcuis
Analysis: A Computer Approach to Decision Models, Irwin
Series 1n Quantitative Analysis for Business (Homewood,
I11.: Richard D. Irwin, Inc., 1965), p. 1.

7John E. Lee, Jr., "Resource Ownership and Use-
Rights in Agriculture" in The Structure of Southern Farms
in the Future, ed. by Charles R. Pugh, Agricultural Policy
Series 30 (Raleigh: Agricultural Policy Instltute North
Carolina State University, 1968), p. 83.




CHAPTER 11
CONCEPTUAL FRAMEWORK AND RESEARCH PROCEDURE

This chapter contains the framework and procedures
used to evaluate the relative profitability of alternative
cash-grain farming systems in Southern Michigan; The first
part of this chapter presents the farming systems and the
geographic area under consideration. The latter part of
the chapter contains the research techniques, general

assumptions, and the sources of data.

Farming Systems

"A system is a set of objects together with rela-
tionships between the objects and their attributes,"
according to McMillan and Gonzales.1 Or, in other words,

‘a system is any method or way in whiéh an.objeCtive is
attained and the characteristics of the method. In addi-
tion to this, Lee asserts that farmers are becoming more
and more organizers or managers of resource services and
less laborers.2 By combining these two ideas a partial
explanation of the variety of farming systems.may.be found.
A farming system is a method of producing égricultural

products and its characteristics are determined by the

11
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-manner in which the resource services are acquired, the
product disposed of, and how these two functions are con-
trolled and administered. Inherent in the resource services
are considerations of technical variations which afisé. If
the technology by which a resource service is provided is
changed, the farming system is changed.

However, a farming system does not operate in a
vacuum. It is a part of a universe, which also may be
thought of as a system. Obviously, the fafming'system is
affected by, but has little or no control over many parts
of the universe. Those parts of the universe which the
farming system has no control over, may be said to be
external to the farming system. This is the environment in
which the farming system operates. Tnat which the farming
system has control of, is internal to the farming system.
The farming system is composed of subsystems just as the
farming system is a subsystem of the universe. These sub-
systems are often interrelated and inte;connectedt Parts
of one system are at the same tiﬁe péfts of other systems;

In general, a farming system may be depicted as
being composed of three related systems: (1) the adminis-
trative-control system, (2) the input system, and (3) the
output system. In turn, each'of these three systems are
composed of two systems. They are: (a) the environmental

or external system over which the farming system has no



13

control, and (b) the internal system which is controlled by
the farming system. Furthermore, these two systems may be
made up of numerous subsystems.

The input system is composed of the: (a) environ-
mental system, and (b) internal support system. The in-
-ternal support system is made up of the general support
system and the specific support systems. The general sup-
port system is associated with all enterprises whereas the
specific support systems are concerned with a giveﬁ enter-
prise or activity.3

This study is concerned with the general support
system and the effects on the income producing ability of
the farming system. Specifically, the study is concerned
with income variability duc to diffcrecat manners of acquir-
ing the services of land, labor, machinery, and capital.

For purposes of this study, a farming system is a method of
producing the various cash-grain crops (corn, wheat, oats,
soybeans, and alfalfa) characterized by the manner in which
‘the land, labor, capital, and ‘machinery sérvices are '
acquired.

By changing the manner of acquiring resource services
the system is changed. By analyzing the results of the
changes in the manner of resource service acquisition, an
appraisal of the various systems can be made. ..

The ways that the services of the various inputs

are acquired are as follows: (1) land services are acquired
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through operator ownership, cash rent-in, crop-share rent-
in, or a combination ownership and rent-in. In addition,
returns on land services are received by cash rent-out or
crop-share rent-out. (2) Machinery sérvices are acquired
by operator ownership or by custom hiring or a combination
of both. (3) Labor services are provided by the operator,
are hired when the operator is unable to provide the hours
of labor required, or are received in conjunction with the
custom hiring of machihery SCrvices.. (4) Capital éervices
are obtained through the use of equity capital (internal
financing) or borrowing (external financing). (5) Manage-
ment services are provided by the operator for all systems.
The farming systems analyzed in this study are:

(1) Complete Ownership Farming System--the services ot
land and machinery are acquired through operator
ownership. Labor is provided by the operator as
available and additional labor is hired on an hourly
basis as needed. Operating capital services are
acquired by borrowing. Fixed capital in terﬁs of
land, machinery, and buildings are gained through
ownership.

(2) Ownership and Crop-Share Rent-In Farming System--
land services up to 320 acres are acquired by
operator ownership.'_Additional acreage is acquired
by crop-share rent-in. Machinefy services are

acquired by operator ownership. Labor services arc
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furnished by the operator until this source is no
longer able to provide them, in which case, addi-
tional labor services are hired on an hourly basis
as needed. Operating capital'sérvices are acquired
by borrowing. Fixed capital in the form of machin-
ery, buildings, and some land is acquired through
ownership. Additional fixed capital in terms of
land is rented.

(3) Ownership and Cash Rent-In Farming System--land .
services up to 320 acreé are provided by operator
ownership. Additional land services are acquired
by cash rent-in. Machinery services are acquired
through operator ownership. Operating capital
services arc acquircd by borrowing. TFixed capital
in terms of land, machinery, and buildings is ac-
quired through ownership and renting. Labor services
are provided by the operator until this source is
exhausted, then additional labor is hired on an
hourly basis.

(4) Ownership and Custom Hiring Farming System--land
services are obtained through operator ownership.
Machinery services except for harvesting are ac-
quired by operator ownership. Harvest services,
machinery and labor, are obtained by custom hire.
Labor services excep£ for harvest are procured from

the operator and if this source is insufficient,
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additional labor services are acquiied on an hourly
basis. Operating capital services are acquired by
borrowing. Fixed capital in terms of land, machin-
ery and buildings are acquired by ownership or |
custom hiring, as the case may be.

(5) Cash Rent-In Farming System--all land services are
acquired by cash rent-in. Machinery services are
procured through operator ownership. Labor services
are provided by the operafor~aﬁd if morerhoﬁfg of
labor service are required than the operator can
provide, this is hired on an hourly basis. Operat-
ing capital services are acquired by borrowing.
Fixed capital in terms of land, machinery, and
puildings are acquired by rent, or ownership as the
case may be.

(6) Crop-Share Rent-In Farming System--land services
are obtained by cfop-share rent-in. Machinery
services are acquired through operator ownership.
Operating capital services are acquired by borrow-
ing. Fixed capital in terms of machinery, land,
and buildings is acquired by ownership or rent as
the case may be. Labor services are provided by
the operator and when this supply is expended,
additionai labor services are acquired by hiring on

an hourly basis.
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(8)
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Complete Custom Hiring Farming System--all machinery
and labor services are obtained by custom hiring.
Land services are provided by the owner-operator.
Operating capital scrvices aré écquired by borrow-
ing. Fixed capital in terms of land and buildings
is acquired through ownership.

Cash Rent-Out Farming System--the purpose of this
farming system is to provide land services to other
people for cash rent. The rented-out sérvices are
owned by the operator of the system. No machinery,
labor, or operating capital services are required

by the operator for this system. Fixed capital in
terms of land and buildings is acquired by ownership.
This systewm differs {rom the other farming system

ir that the manager is only concerned with selecting
someone to do the actual farming. Managerial re-
quirements are less here.

Crop-Share Rent-Out Farming System——the purpose of
this system is to provide land sefvices to other
people for a share of the harvest as rent. Labor,
operating capital, and machinery services are not
provided by the operator. As with the cash rent-out
farming system, this system is different from the
systems that actually produce cash grain crops in -
that the manager is only concerhed'with selecting
someone to farm the land. !anagerial requirements

are not too great for this task.
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Area of Study

The study area is restricted to dryland culture
cropland located primarily in Eaton, Ingham, Clinton, and
parts of Ionia, Barry, Shiawassee, and Livingston éouﬁties
of South Central Michigan (see Figure 1). The dominant
soils are Gray-Brown Podzolic Soils (Limy Materials) of the
Miami and Conover soil associations.

The soils of the study area are derived for the
most part from glacial till, 1eve1.tovrolling. The drainage
of the soils vary from well to imperfect depending on the
slope of the land. They are deep, relatively high in
fertility, and durable under cultivation, except for the
steeper slopes. With a proper system of management, the
soils can be maintained in a good productive state. The
soils are suitable for growing corn, wheat, oats, alfalfa,
beans, and sugar beets. The muck soils which are closely
associated in the region, may be used to produce onions,
mint, and truck crops. The prin;ipal soil series are Miami
and Conover.4

Between the seasons, average monthly temperatures
have a range of approximately S50°F. The lowest average
monthly temperature is 21.7°F. in January. August has the
highest monthly average with 71.0°F. The average annual
temperature is approximately 48.0°F. Within'the‘Study area,
average annual temperatures may fluctuate *# 1 or 2 degrees

depending on the local conditions. There are approximately
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173 frost free days per year starting in April and ending
in early October.

Soil temperatures (2 inches below the surface) at
East Lansing, Michigan h2ve a larger fange than does fhe
air temperature. The average low temperature is 23°F. in
February and rises to an average high of 87°F. in July-
August. The average annual soil temperature is about 53°F.

Average annual precipitaticn is approximately 32
inches. The wettest months are May-June, September, and
November.5

The sizes of the representative farms under study
were partially determined from Agricultural Economics

Report No. 99, Business Analysis Summary for Cash-Grain
6

Farms, 1907. It was found that farm sizes ranged {rom

117.5 acres to 944.0 acres in 1967. For those farms with

an investment over $160,000, the size range was from 252.0
acres to 944.0 acres with a mean of 486.5 acres and a
standard deviation of 168.9 acres. In Fhe under §160,000
investment class, farm size rangéd frém a low of 117.5 '
acres to a high of 486.0 acres. This investment class mean
was 294.8 acres with a standard deviation of 104.0 acres.
However, this farm size data cannot be said to be represen-
tative of the farms of the stéte because it is based on
information provided by members of the Telefarm computerized

record keeping project.
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Other factors which went into the determination of
the study farm sizes were a 4-row equipment and power
complement. Also, the labor source is primarily the owner-
opérator with hired labor used wheﬁ the operator.iu unable
to provide the amount of labor necessary to complete the
farming operations. Based on the above mentioned factors,
the study farm sizes of 160 acres, 320 écrcs, 480 acres,

and 640 acres were chosen.

Research Techniques

The "synthetic firm" approach, with linear'programf
ming and partial budgeting, was used as the research
technique for this study.

The synihetic firm approaci wdas uscd Lo insule
comparability between farming systems with respect to
management, resources, and technology. In a comparative
study it is important that the differences in the results
are inherent in the study variables and are not due to
outside factors. |

Linear programming was chosen for its ease of
calculating maximum potential income and the associated
optimal orgapization for a given farming system. Three
requirements are prerequisite to the use of linear program-
ming. The requirements and corresponding satisfactions for
the‘study are: (1) have an objective--to maximize potential

incomes and ascertain the associated optimal organization
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of each farming system, (2) alternative means of attaining
the goal--different combinations of the various crops, and
(3) have resource restrictions--1limits on the availability
ofiland, labor, and capital serviceé.‘ Partial buageting'
was used in those cascs involving a very limited number of
alternative activities.

Each farming system and each farm size was programmed
separately. Those farming systems with few alternative
activities were partially budgeted because linear prbgram-'
ming was not necessary. The resﬁlting programmed output
and budgeting results (potential income and optimal organ-
ization) are presented in Chapter III. The programmed
returns are the returns over variable cash costs. Overhead
costs cuisisting of mdcuincery overhead, reul cstate taxes,
interest on land investment, and operator labor costs were
handled outside of the linear program or partial budgets.

The operational linear programming model for each
farming system and each farming size may be summarized in a
context as follows for the objective of maximiiation of
income:

(1)

r.X. = maximum
1 JJ

nes

j

.where xj represents activity levels and r. represents the

—

net revenues of the activities, subioct to the constant

resource constraints (bi), with
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(2)

[ o =]

a.. x. < b., and
j=1 ij 73 — "1
(3) Xj > 0, for all j,

where aij represents the technical input-output coefficients
for each activity.7
The linear programming tableau for each farming
system and each farm size programmed for this study has 18
activities and 20 restrictions and accounting eduaﬁions.
The activities and the resource constraints and accounting
equations are listed in Table 1 and Table 2, respectively.
The activities and the resource constraints and accounting
equations are the same for all systems programmed. The aij
and bi values change [rom input system to input system and
for farm size changes with each system. The aij
that change as farm size changes within an input system are

values

the labor requirements by months for the various production
activities. The rj values change from system to system but
not within an input system. The bi valueé which change'
within an input system are the acreage restriction, and an
operating capital restraint which is based in part on the
farm size.

The between input system coefficient changes are
the aij values for labor uti%ization by months,‘the<capita;
borrowing coefficients for each activity, énd the grain

transfer coefficients in the case of crop-sharing systems.
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Table 1

Activity Activity . Activity

Number Name Description
Py CORN Corn production
P2 WHEAT Wheat production
P3 PATS Oat production
P4 SOYBN Soybean production
P ALFAL Alfalfé prodUCtion‘.'
P6 SLCRN Corn selling
P7 SLWHT Wheat selling
Pg SLSPY Soybean selling
Py HLRNM Labor hiring for Nov.-March
P10 HLRAP Labor hiring for April
P11 HLRMY Labor hiring for May
P12 HLRJE Labor hiring for June
P13 HLRJY Labor hiring for July
P14 HLRAT Labor hiring for August
Pys HLRSR Labor hiring for Sepfembef
P16 HLRPR Labor hiring for October
P17 SLLR Labor selling
P CPTBW Capital borrowing
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Table 2

Resource Restraints and Accounting Equations

Row No. Row Code Name Row Description
1 PRPFIT Profit equation
2 LANDC Maximum acreage to put into corn
3 LANDW Minimum acreage to put into wheat
4 LANDT Maximum acres to all crops
5 LRPNM Maximum operator labor available
in Nov.-March
6 LRPAP Maximum operator labor available
in April .
7 LRAMY Maximum operator labor available in
May
8 LRPJE Maximum operator labor available in
June
9 LRAJY Maximum cperator labor available in
July
10 LRPAT Maximum operator labor available in
August
11 LR@SR Maximum operator labor available in
September
12 LRPOR Maximum operator labor available in
October
13 LRATP Total labor utilized
14 LRHIR Total hired labor utilized
15 LRTAT Total operator labor utilized
16 SLTRC Corn transfer from production to
sale activity
17 SLTRW Wheat transfer from production to
sale activity
18 SLTRS Soybean transfer from production to
sale activity
19 CPTLAN Total annual capital utilized
20 CPTLTC Maximum capital borrowable at any

time during the year
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The rj values change between systems. The bi values fdr
capital change between input systems.

In short, there are 9 diffgrept systems of which 6
we;e solved by linear programming, 1 by partial budgetiné,
and 2 by a combination of linear programming and partial
budgeting.

For each farming system, land is restricted to four
farm sizes: 160 acres, 320 acres, 480 acres, and 640 acres.
These farm sizes are based on inférmation from Aéricdlturai

Economics Report No. 99, Business Analysis Summary for

Cash-Grain Farms, 1967.

The operator is considered to be the major source
of labor. The total operator labor available is 3,000
hours per year. The monthly operator labor available is
given in Appendix 9. Additional labor is hired as needed
at $1.50 per hour. There is no restriction on the amount
of labor hired.

Operating capital is restricted to 70 percent of
the machinery investment plus 40 percent of the land in-
Vestment.8 An interest rate of 7 percent is paid on
borrowed capital. All funds necessary to put in a crop are
borrowed at the beginning of the production period and paid
at harvest.

Operating.capital requirements for the various

enterprises are divided into annual operating capital and

total operating capital. The model is constructed so as to
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determine the minimum resource service requirements and
optimal organizations based on total operating capital, but
to calculate interest only on annual operating capital
utilized. Total operating capital Qaé chosen as‘rhe limit;
ing factor because when borrowing, the total amount borrowed
at any one point of time determines what can be borrowed,
not a historic annual figure which is calculated after
repayment. The annual operating capital figure is the
total operating capital borrowed,'adjusted to aniaﬁnﬁal
basis determined by the length of time that the money is
borrowed. The interest charge 1is deducted from the income
earned by the use of the borrowed funds.

The income earning enterprises "are the production
and sale of corn, wheat, vats, soybeuans, and allulfa. Ticld
beans were not considered an important enough crop for the
area under consideration to be analyzed as parf of the study.
No livestock, fruit, or truck crops were considered. The
input-output relationships for the assumed level of produc-
tion are given in Appendix 2.

For purposes of comparing the farming systems where
no off-farm work is performed and those where it is, the
unutilized labor of 2 farming systems, cash rent-out and
crop-share rent-out, is sold at the average annual wage
.rate for a durable goods industry worker ($7,289 or $3.47
per ﬁour) for Michigan. For the complete custom hire farm-

ing system, 80 percent of the unuscd labor is sold at the
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same rate. The remaining 20 percent is assumed to be used
in management of the custom hiring operations. A comparison
of hourly wage rates of various industries in Michigan 1is

presented in Table 3.

Table 3

Hourly Wages for Selected Industry
Classifications in Michigan

Industry Classification ~ Wage Rate
Manufacturing o $3.47/hour
Transportation Equipment $3.71/hour
Machinery except electrical $3.58/hour
Food and Kindred Products $3.08/hour
Paper and Allied Products $3.04 /hour

Source: Michigan Manpower Quarterly Review, Vol.
ITI, No. 4, p. 27.

Sources of Data

Much of the data used in this study was drawn from

Agricultural Economics Report No. 87, Costs and Returns for

Major Cash Crops in Southern Michigan. This publication

presents an abundance of information on the costs and re-
turns of many cash crops, based on a synthetic firm approach.
Much useful information on technical coefficients--ferti-
lizer requirements per yield'ievel, machihery and labor

requirements, machinery costs, etc.,--are given.
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Labor requirements per acre for the selected crops
were drawn from unpublished research by Armstrong.9 In his
study a Cobb-Douglas function was fitted to Telfarm data to
cstimate labor requirements per acre for various enterprises.

Machinery systems and requirements information were
based on Benjamin's M.S. thesis, "An Economic Analysis of
Acquiring Farm Machinery Services for Southern Michigan
Cash-Grain Farms."

Agricultural Economics Reporf No: 99, Business

Analysis Summary for Cash-Grain Farms, 1967 provided infor-

mation on farm size and enterprise organization.

A mail survey was conducted to determine the pre-
vailing cropland rental arrangements in Southern Michigan.
The questionnaire was sent to the county agents or the
counties whose soils were predominantly of the types in
this study. A sample questionnaire and the results of the

survey are included in Appendices 11 and 12.
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CHAPTER ITI
RESULTS OF THE ANALYSIS

This chapter contains the optimal organization and
associated potential income for the various farming systems
described in Chapter I‘and arrived af through the research
procedures explained in Chapter II.

Three potential incomes are presented in the anal-
ysis. They are returns over variable cash costs, returns
over cash costs, and returns to risk, management, and
unallocated capital. These income estimates are residual
returns, or in other words, income that remains after
certain costs have been paid. These are: (1) Returns over
variable cash costs. This figure represents gross income
less the variable cash expenses for seed, fertilizer,
herbicide, custom hauling, preharvest machinery usage,
harvest machinery usage, and rent. (2) Returns over cash
costs. This is returns over variable cash costs 1less
machinery ownership costs and real estate taxes. Ownership
costs include depreciation, interest, and insurance. (3)
Returns to risk, management,_and uﬁallocated”capital. This.
figure represents returns over cash cosfs less interest on

land investment and opportunity costs for opcrator labor.

30
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If this estimate is negative for a particular system, pro-
ducers might want to look at alternative farming systems in

which to employ their resogrces.1

Complete Ownership Farming System

This farming system is one in which the owner-
operator has full equity in land and machinery. He 1is the
main labor supply with outside labor being hired when the
labor requirements exceed the capacity of the operator to
supply them. Operating capital is borrowed at the beginnin:
of the production period and repaid at harvest at an annual
rate of 7 percent. Opportunity costs are considered for
the investment in land and operator labor.

The organization necessary to provide the maximum
income is presented in Table 4. The returns to risk, man-
agement, and unallocated capital for this farming system
range from -$91 for the 160 acre farm size to $11,592 for
the 640 acre farm size. Returns over variable cash costs
range from $8,398 for the 160 acre fafm size to $32,848 for
the 640 acre farm size. Returns over cash costs range
upward from $4,357 for the smallest farm size to $26,876
for the largest farm size.

The enterprise organization is proportionally the
same for the three crops grown. - Percentage wise;‘so}beans
rank first with 45.0 percent; corn ranks second with 3S.7

percent; and wheat ranks last with 16.2 percent. For tic
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160 acre operation, there are 62 acres, corn; 26 acres
wheat; and 72 acres, soybeans. In the largest farm size,
there are 248 acres, corn; 105 acres, wheat; and 287 acres,
soybeans. |

" The labor utilized for the 160 acre farm consists
entirely of operator labor, 885 hours per year. Beginning
with the 320 acre study size, hired labor is utilized at
an increasing rate, in addition to cperator labor. There
are 114 hours of hired labor utilized along with 1,323 hours
of operator labor at the 320 acre size. For the 640 acre
farm size, a total of 2,343 hours was utilized of which 474
hours were hired and 1,869 hours were operator and family
time.

The operating capital requirements range from 34,225
total operating capital or $2,435 arnual operating capital
for the 160 acre farm size to $16,902 total operating
capital or $10,110 annual operating capital for the 640

acre farm size.

Ownership Plus Crop-Share Rent-In
Farming System

In this farming system, the operator has full
equity in machinery and the first 320 acres of land. The
additiona14160 acres and 320 acres are rented-in under a
crop-share rent-in agreement'in thch the‘opérétéé réceives
two-thirds of the harvest and pavs two-thirds of the seed,

fertilizer, and herbicide costs, and all other operating
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costs. The landlord receives one-third of the harvest as
rent and pays one-third of the seed, fertilizer, and her-
bicide costs. The operator is the major source of labor
with extra labor being hired if the requirements exceed the
capability of this supply. Operating capital is borrowed
at the beginning of the production period and repaid at the
end of harvest at a 7 percent annual rate of interest.
Opportunity costs are changed for the interest on the land
investment, and operator labor.

Table 5 provides a summary of’the optimal enterprise
organization, returns, operating capital, and labor utilized
for the 4 farm sizes studied under this system. The optimal
enterprise organization consists of corn, wheat, and soy-
bcans in the solutions for all farm sizes. The corn acreage
ranges from 62 acres for the 160 acre farm size to 444 acres
for the 640 acre farm size class. All of the rentéd land
is in corn. Wheat acreage in the 160 acre farm size is 26
acres, increasing to 52 acres in the 320 acre farm size and
remaining at that level for the 6thef.two farm sizes.
Soybeans account for 72 acres in the smallest farm size and
144 in the remaining 3 size classifications.

Returns over variable costs for the 160 acre farm
size are $8,398 and range upwérd to $28,408 for the 640 -
‘acre category. The range for the returns to risk, manage-
menf, and unallocated capital is -$91 for the smallest farm

size up to $14,352 for the largest. Returns over cash
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costs range from $4,357 to $23,396 for the 160 acre and
640 acre farm sizes, respectively.
The labor utilization for this farming system is
ti.e same as that for the complete owne*ship farming system.
For the 160 acre farm size, 885 hours of labor are utilized.
This is operator labor only. Starting with the 320 acre
farm size, hired labor is used increasingly as farm size
increases. Hired labor accounts for 114 hours of the 1,437
hours of labor utilized at the 320-acfe farm size and 474
hours of the 2,343 hours utilized at the 640 acre farm size.
Operating capital amounts to $4,225 total operating
capital or $2,435 annual operating capital at the 160 acre
farm size, and ranges up to $16,293 total operating capital
or $9,487 annual operating capital for the 640 acre farm

size.

Ownership Plus Cash Rent-In
Farming System

The owner-operator has full equity in the machinery
complement and up to 320 acres of land. The additional
land services are acquired through cash rent-in. The op-
erator is the major source of labor with additional 1labor
being hired if the operator is not able to provide the
labor services when needed. Capital sufficient to cover
variable cash costs aﬁd interest i§ borrowed af aﬂ annuai

rate of 7 percent at the beginning of the production pericua
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and repaid at the end of harvest. Opportunity cost is
charged for operator labor utilized at §1.50 per hour and
the land investment at 6-1/2 percent per year.

The optimal organizations and.fheir selected returns
and utilizations for this system are shown in Table 6.

The optimal enterprise organizations for this
system are: 160 acre farm size--62 acres, corn; 206 acres,
wheat; and 72 acres, soybeans. The same ratio of corn,
wheat, and soybeans applies ‘to the 320 acre farh size with
124 acres, 52 acres, and 144 acres, respectively. The
optimal crop organization changes as the rented land is
introduced in the study situation. For the 480 acre farm
size, there are 284 acres, corn; 52 acres, wheat; and 144
acres, soybeans. The 040 acre size farm has 444 acres,
corn; 52 acres, wheat; and 144 acres, soybeans.

The returns over variable cash costs range upward
from $8,398 for the 160 acre farm size to $29,733 for the
640 acre size farm. The range on the returns to risk,
management, and unallocated capital is smaller With ?$91-
for the 160 acre farm size and $15,677 for the 640 acre
farm. The returns over cash costs range upward from $4,357
for the smallest farm size to. $24,721 for the largest farm
size.

As with the preceding_descriptions'ofﬂfarming
systems, the 160 acre farm utilizes only oﬁerator labor at

a rate of 885 hours per year. Hired labor is utilized on
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the 320 acre farm size in the amount of 114 hours per year
with total utilization equal to 1,437 hours. The 640 acre
farm utilizes 2,343 hours of labor annually, of which 474
hours are hired 1labor. |
Operating capital used on the smallest farm size is
$4,225 of total operating capital or $2,435 of annual op-
erating capital. Whereas, the largest size farm was
$24,604 of total operating capital or $14,287 of annual

operating capital.

Combination Ownership and Custom
Harvesting Farming System

This farming system is one in which the owner-
operator has full equity in land and machinery but custom
hires the harvesting operation. The custom hiring charges
for harvesting include charges for the machine operator's
time. The operator provides the labor supply for operations
other than harvesting. Any additional labor needed is hired
as the operator's labor is exhausted. - As in the previously
mentioned farming systems, operating capital is borrowed at
the first of the production period and repaid at the end of
harvest at an annual rate of 7 percent. Opportunity costs
of 6-1/2 percent are charged on the land investment and
$1.50 per hqur for operator labor.

The optimal organizationg for the variéug Study
sizes for the combination ownership and custom harvesting

farming system are presented in Table 7.
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The returns over variable cash costs range from
$7,486 associated with the 160 acre farm size to $29,215
assqciated with the 640 acre si:ze farmAfpr a $21,729 spre;;._
Thé returns to risk, management, and Qnallocated capital- |
for the 160 acre size is $785 and rises to $10,748 at the
640 acre farm size level resulting in a $9,663 spread.
Returns over cash costs range upward from $4,828 for the
smallest farm size to $24,977 for the largest farm size.

The optimal 6rganization for»the 160 acre féfh siz:
is 62 acres corn, 26 acres wheat, and 72 acres soybeans.
This same proportion holds through the various study sizes.
At the 640 acre farm size the crop acreages are 248 acres
corn, 105 acres wheat, and 287 acres soybeans. Only op-
erator labor was utilized in the 100 acre {farm size, 017
hours. Starting with the 320 acre farm size, hired labor
is utilized. At this size level, 888 hours of operator
labor is used plus 114 hours of hired labor to give a total
of 1,002 hours. At the 640 acre size level, a total of
1,631 hours of labor is utilized of which 465 hours are
utilized.

The operating capital borrowed for the smallest
farm size is $5,102 of total operating capital or $2,937
annual operating 6apita1. In comparison, the largest far:
-size uses $21,106 of total operating capital or $12,112

annual operating capital.
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Cash Rent-In Farming System

The owner-operator has full equity in his machinery
complement and through cash rent-in acquires land services.
The operator is the major source of labor with any addi-
tional labor being hired as the bperator's labor supply is
exhausted. Capital sufficient to cover variable cash costs
and interest is borrowed at an annual rate of 7 percént at
the beginning of the production period and repaid at har-
vest. Opportunity cosf is considered for operator-labor at
$1.50 per hour.

Table 8 presents the optimal organization and asso-
ciated potential incomes for the cash rent-in farming system.

The farm size with the largest returns to risk,
management, and unallocated capital is 383 acres with a
return of §$7,075. The optimal organization associated with
this income is 186 acres corn, 79 acres wheat, and 118 acres
soybeéns. To produce this income, 1,577 hours of labor, of
which 144 are hired, are utilized. Total operating capital
requirements are $17,633 or $10,672 annual operating cap-
ital. The returns over variable cash costs are $12,931.

The farm size that produces the second largest
returns to risk, management, and unallocated capital
($6,760) is 367 acres. The optimal organization of 248
acres corn, 105 acres wheat,,and 14 acres soybeans also -
produces a return over variable cash coéts of $12,875.

One thousand four hundred eighty five hours of labor, of
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which 110 hours are hired, are utilized by this size farm.
Capital requirements are $17,633 total operating capital
or $11,635 annual operating capital.

The smallest retura to risk, ﬁanagement, ahd ﬁn-
allocated capital is $514 which is associated with the 160
acre farm size composed of 62 acres corn, 26 acres wheat,
and 72 acres soybeans. Only operator labor is utilized,
885 hours. Annual operating capital amounts to $4,085 or
$7,105 total operating capital.

The smallest returns over cash costs is $1,842
associated with the smaller farm size and ranges to $9,225

associated with the largest farm size.

Crop-Share Rent-In Tariiang System

With the crop-share rent-in farming system, the
operator has full equity in machinery and no equity in land.
The operator receives two-thirds of the harvest and pays
two-thirds of the seed, fertilizer,.and‘herbicide.costs
plus all other variable expenses. Thé landlord receives‘
one-third of the harvest as rent and pays one-third of the
seed, fertilizer, and herbicide costs. The operator is the
major source of labor with extra labor being hired as nec-
essary. Operating capital is borrowed at the beginning of
the production period and is repaid at the end- of ‘harvest
at 5 7 percent annual rate of interest. Opportunity cost
charges are made on operator labor at the rate of §1.50

per hour.
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Table 9 presents the optimal organization and asso-
ciated potential incomes for the crop-share rent-in farming
system.

The returns to risk, managemeni, and unallocated
capital range from $365 for the Smallest farm size, 160
acres, up to $13,417 for the largest farm size, 640 acres.
Also, the smallest return over variable cash costs (§5,254)
is associated with the smallest farm size and the largest
return over variable cash costs ($20;273} is aséociéted
with the largest farm size. The returns over cash costs
range from $1,693 associated with the 160 acre farm size
to $16,221 associated with the 640 acre farm size.

The proportion of the various crops to farm size is
constant for this farming system. The swmallest fari sicze
is organized into 38.75 percent corn, 62 acres; 16.25 per-
cent wheat, 26 acres; and 45 percent soybeans, 72 acres.
The largest farm size is organized into corn 248 acres,
wheat 105 acres, and soybeans 286 acres which represents
38.75 percent, 16.25 percent, and 45 percént réspectivel}.

The 160 acre farm size utilizes 885 hours of op-
erator labor. Starting with the 320 acre farm size, hired
labor is required. Total labor used at this level is 1,437
hours, of which 114 hours are hired. The largest farm size
uses the most labor: . operator labor--1,869 hours, and

hired labor--474 hours.
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Operating capital is used in the smallest amounts,
$3,149 total operating capital or $1,815 annual operating
capital? by the smallest farm size, 160 acres. The largest
fafm size, 640 acres, uses the mosf tétal operatifg capifai,

$13,130 or annual operating capital $7,623.

Complete Custom Hiring Farming System

The operator utilizing a complete custom hiring has
full equity in land but none in méchinéry. All 6pérétion§
are custom hired. The hiring of}the machinery services
include labor services to operate the machinery. Operating
capital is borrowed at an annual rate of 7 percent at the
beginning of the production period and ‘repaid at the end of
lharvest. Opportunity costs are charged for the land invest-
ment at a rate of 6-1/2 percent.

The optimal organizations and the associated poten-
tial incomes for this system are presented in Table 10.

The returns over risk, management, and unallocated
capital range from $2,290 for the 160 acre farﬁ size to
$9,475 for the 640 acre farm size for a spread of $7,185.
The spread of the returns over variable cash costs is larger
than that of the returns to risk, management, and unallo-
cated capital. The smallest return ($5,890), is associated
"with the smallest farm size and the largest return ($23,875)
with the largest farm size for a spread of $17,985. Returns

over cash costs range from $5,410 associated with the 160
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acre farm size to $21,955 associated with the 640 acre farm
size.

The optimal organization of the crop enterprise is
the same proportion for eaéh farm sizé. The 160 acre farm
size has 62 acres corn, 26 acres wheat, and 72 acres soy-
beans, or 38.75 percent, 16.25 percent, and 45 percent
respectively. The 640 acre size farm is optimally organized
with 248 acres corn, 105 acres wheat, and 287 acres soybeans
or the same 38.75 percent.corn, 16135 percent wheat, and
45 percent soybeans as the 160 acre férm.

Total operating capital ranges upward from $6,637
for the smallest farm size to $26,548 for the largest farm
size for a spread of $19,911. Annual operating capital has
a sprcad of $11,451 from $3,810 for thc smallcst farm size

to $15,261 for the largest farm size.

Cash Rent-Out Farming System

This farming system consists of the farm land being
rented-out for §$18 per acre annuélly.‘ %he landlo;d pays
none of the expenses incurred by the producer in the produc-
tion of his crops. The tenant is free to produce whatever
crop he so desires. The landlord's only expenses are the
real estate taxes, $3 per acré per annum, and opportunity
costs on the land investment in which he has full equity.
The.opportunity cost is 6-1/2 percent, which comes to $19.50

per acre per yvear. After the deduction for real estate
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taxes, the landlord is not meeting his opportunity costs by
$4.50 per acre per year. For each acreage, the landlord is
receiving $15 net cash per acre.

For the 160 acre farm size, tﬁe gross rental income
is $2,880 and returns to risk, ménagement, and unallocated
capital are -$720.

For the 320 acre farm size, gross rental income
equals $5,760. After deductions for real estate taxes and
opportunity costs, a réturn'to risk,.manégement, aﬁd’unél-
located capital of -$1,440 results.

The same trend holds for the 480 acre and 640 acre
farm sizes. The 480 acre farm size has a gross rental
income of $8,640 which after real estate taxes and opportu-
nity costs results in a returns to risk, management, and
unallocated capital of -$2,160. For the 640 acre farm size,
gross rental income is §11,520, and after overhead costs
results in a returns to risk, management, and unallocated
capital of -$é,880.

These returns over cash costs range from $2,400
upwards to $9,600.

Table 11 presents the expense and income information

for the cash rent-out farming system.

Crop-Share Rent-Out Farming System ..,

This system is onc in which the landlord receives

one-third of the harvest as rent and pays one-third of the
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costs of seed, fertilizer, and herbicide. The renter pays

all other variable costs. The landlord pays overhead costs

accrued to land ownership. The landlord provides no labor

or managerial assistance. The landlord's operating cépitaf

is borrowed at 7 percent interest at the beginning of the

production period and repaid at harvest. Opportunity charges
are made on the land investment at the rate of 6-1/2 percent.

The returns to risk, management, and unallocated
capital range downward from -$456 for the smallest farm
size (160 acres) to -$1,825 for the lérgest farm size (640
acres). This is due to the inability of the returns over
variable cash costs to cover the overhead costs of taxes
and opportunity charges. Returns over variable cash costs
range from $3,144 for the 160 acrc farm size to $12,575 for
the 640 acre farm size. The returns over cash costs range
upward from $2,664 to $10,655 for the 160 acre and 640 acre
farm sizes, respectively.

The operating capital requirements for the smallest
farm size are $1,076 total operafing éapital or $621 annual
operating capital while the largest farm size uses the
services of $4,303 total operating capital or $2,486 annual
operating capital.

The optimal organization associated with the smallest
farm size 1s 62 acres corn, 26 acres wheat, and 72 acres

soybeans. The optimal organization for the largest farm
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size has the same proportions with corn 248 acres, wheat
105 acres, and soybeans 287 acres.

Table 12 presents the optimal organizations and
associated potential incomes for the érbp-share rent-out

farming system.

Summary

The purpose of this chapter was to present the
results of the analysis. As farm.size increaseé, with the
exception of the cash rent-in farming system, returns over
cash costs increase. The capital limitation of the cash
rent-in farming system restricted the income earning ability
of this system at the 480 acre and 640 acre farm sizes.

The largest income producer for the 100 acre farm
size was the complete custom hire system while at the 320
acre and larger farm sizes, the complete ownership system
was the largest.

The complete custom hire system was the largest
returns to risk, management, and unallocafed Cépital'prOQ
ducer for the 160 acre farm size. At the 480 acre.and 640
acre farm sizes, the ownership plus cash rent-in system was
associated with the largest returns.

The optimal organization, for the most part, is
composed of 38.75 percent -corn, 16.25 percent-wheat, and
45.00 percent soybeans for all farm sizés.. The exceptions

are the ownership plus cash rent-in and ownership plus
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crop-share rent-in systems. The rented in acreage is all
corn, resulting in 59.17 percent corn, 10.83 percent wheat,
and 30.00 percent soybeans at the 480 acre farm size level
and 69.37 percent corn, 8.13 percent Qheat, and 22.50 per-
cent soybeans at the 640 acre level. The other exception
is the cash rent-in system. At the 480 acre and 640 acre
farm sizes, the credit restraint limits farm size and
therefore has effected the optimal organization.

In general, as farm size incfeaséd, total iabor
utilized increased. More operator than hired labor was
utilized. Those farming systems, excluding the cash rent-
in system, where no machinery services are custom hired
have the largest utilization of operator, hired, and total
labor. The rent-out systems and the complete custom hire
system use the least labor.

The type of farming system exerts some influence on

the amount of operating capital borrowed. Those systems

with large cash expenditures have large borrowings.
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Footnotes

lLarry J. Connor, Costs and Returns for Major Cash
Crops in Southern Michigan, Agricultural Economics Report
No. 87, Department of Agricultural Economics, Michigan
State University, 1967, pp. 5-6.




CHAPTER IV

COMPARISON OF ALTERNATIVES AND
IMPLICATIONS OF THE STUDY

This chapter contains a comparison of the respective
farming systems, based on the results of the~analysis pre-
sented in Chapter III, and the implications drawn from the

comparisons.

Comparison of Alternatives

Farm operators are faced with a continuing problem
of selecting the manner in which to acquire resource serv-
ices in order to maximize income. Depending on the manner
in which resource services are acquired, incomes vary.

This presentation is directed toward comparing the alterna-
tive cash-grain farming systems in tefms of returns over
cash costs (returns available for growth, consumption, and
general farm overhead); returns to risk, management, and
unallocated capital; operating capital; labor utilization;

and optimal enterprise organization.

Returns Over Cash Costs
The potential returns over cash costs for the al-

ternative cash-grain farming systems for all farm sizes are

65
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presented in Table 13. The table contains two comparisons:
(1) A comparison between those farming systems where all
operator labor is for the use of the fa;ming system, if it
cah be utilized. These farming sygteﬁs are termed "pure“.
farming systems. (2) In addition, a comparison is made
between those farming systems where some operator labor is
sold off-farm and the '"pure" farming systems. The farming
systems where operator labor is sold off-farm to supplement
the farm income are termed "combined" farming syétémé, i;i;»
farm income is combined with off;farm income.

There are three '"combined" farming systems. The
unused labor of these farming systems is sold at the average
manufacturing rate and added to the farming system's returns
over cash costs, in order to explore tie income earning
potential of cash-grain farming plus off-farm work. The
unused labor of the cash rent-out and crop-share rent-out
_farming systems is sold at the average manufacturing wage
rate of $7,289 per year. In addition, 80 percent of the
unused labor of the complete custom hire farming system is
sold at the average manufacturing wage. The remaining 20
percent is utilized in management activities for the custom
hiring operations.

These three farming systems were used as the systems
. from which operatdr labor was employed off-farm because
they had the largest amount of time available. The critical

labor requirements during certain time pcriods of the year
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for the other systems was cause for them to not be consid-
ered in a combination of farm and off-farm incomes. It was
assumed that any amount of labor could be employed off-farm,
vut only the two previously mentionedllevels were considered
in the analysis.

The combinations undertaken by this study are
directed toward exploring somec of the possible consequences
and is not intended to be exhaustive in its scope. There
are problems concerning the'"combine&” systems because of
the unemployment factor of industrial workers in terms of
hours worked, the cost of travel to and from work, the
fringe benefits of industrial employment, and other differ-
ences. Important és these considerations are, the results
of the combination still may give useful insights into the
income earning ability of these systems without including
them in the analysis.

Comparison of "Pure'" Cash-Grain Farming Systems.

As farm size increases, with the exception of the cash rent-
in farming system, returns over cash costs increase. Thé
capital limitation of the cash rent-in system restricted

the income earning ability of the system at the 480 acre

and 640 acre farm size.

For the 160 acre farm size, the returns over cash
costs for the rent-in farming systems ($1,842 for cash
rent-in and $1,693 for crop-share rent-in) arc lewest bo-

cause of under-utilization of the avallable machinery
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services and rent expense for land services. The rent-out
farming systems have low incomes ($2,400 and $2,664 for the
cash rent-out and crop-share rent-out farming systems,
respectively) because of the low cash rental rate for.the
cash rent-out farming system. The cash rent after cash
expenses is less than returns over cash costs for the other
farming systems. Likewise, the crop-share rent-out system's
returns are low due to the small revenue received as rent
compared to the other systems. The returns for the complete
custom hire system are highest ($5,410) because the system
utilizes only the machinery services that it needs, i.e.,
the system has no idle machinery and subsequent un-utilized
machinery services, and no cash expenses for acquiring land
services. The spread between the lowest income earner, the
crop-share rent-in farming system, and the highest income
producer, the complete custom hire system, is $3,717.

For the 160 acre and 320 acre farm sizes, the com-
plete ownership, the ownership plus cash rent-in,.and the
ownership plus crop-share rent-iﬁ sysfems have the same
returns over cash costs, and returns to risk, management,
and unallocated capital figures. This is due to the owner-
ship plus cash rent-in and the ownership plus crop-share
rent-in systems being the same as the complete ownership
system until the 320 acre farm size. After the 320 acre
farm size, the additional 160 acre and 320 acre of land
services are acquircd via the rent-in schemes which changes

the earning abilities of the farming systems.
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As the farm size increases to 320 acres, the com-
plete ownership system becomes the largest returns over
cash costs producer ($12,098) and retains this ranking for
the 480 acre and 640 acre farm sizes (incomes of $19,638
and $26,876, respectively) also. This is because of the
more efficient utilization of the machinery services and
the earnings of land services accruing to the system.

The cash rent-out and crop-share rent-out systems
rank lowest relative to the other systems for the 320 acre
(returns of $4,800 and $5,329) and 480 acre (returns of
$7,200 and $7,991 respectively) farm sizes because the rent
earned is lower than returns over cash costs for the other
systems. Even though the other systems have more expenses,
the income earncd more than ofiset the additional expense.
For the 640 acre farm size, the rent-out systems moved up
in ranking because of the cash rent-in system meeting its
credit restraint, which curtailed its earning potential,
and caused it to drop to the lowest incqme earning position.

The complete land'servicé rénf-in systems usually
rank higher than the rent-out systems for the 320 acre, 480
acre, and 640 acre farm sizes due to the larger income
earning ability of these systems.

The complete custom hire system ranks above the
rent-in systems because this system does not have:cash
renfal expenses for land services. Even though the custom

hiring expenses are larger than machinery ownership costs,
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the difference is not great enough to offset the lower costs
resulting from no rental expenses for land services.

Comparison of "Combined" Cash-Grain Farming Systems.
Off-farm work is not uncommon among Michigan farmefs.. By |
combining off-farm work income with the farm income of those
farming systems which require no labor of the operator for
operation of the farm, a comparison between '"pure' and
"combined" farming systems may be made. The '"combined"
systems are: complete custom hire_plps off-farm work
system, cash rent-out plus off-farm work system, and crop-
share rent-out plus off-farm work system.

Considering both '"pure" and '"combined'" systems, the
complete custom hire plus off-farm work is the largest
income producer for all farm sizes. ‘he crop-share rent-
out plus off-farm work system and the cash rent-out plus
off-farm work system, rank second and third, respectively,
for the 160 acre farm size. The 160 acre farm size for the
"pure' systems is insufficient to produce an income equal
to off-farm wages. Therefore, if off;farm income is added
to that income which is produced by the farming sector of
the farming system, the resulting combination is larger
than any of the '"pure" farming systems. Although, only 80
percent of the off-farm income of the crop-share rent-out
system and the cash rent-out system is added to the complete
cusfom hire system, the difference between the returns

produced by farming are great enough to overcome the 20



73

percent differential in wage income to make the complete
custom hire plus off-farm work the largest income producer.

For the 320 acre farm size, the fcombined" systems
aré ranked as follows: first--complefe custom hirec plus> |
off-farm work; second--crop-share rent-out plus off-farm
work; and sixth--cash rent-out plus off-farm work. The
cash rent-out plus off-farm work system is separated from
the higher ranked complete ownership system by only $9.00.
As explained for the 160 acre farm sizé, the firét'aﬂd
second ranked "combined" systems are superior in earning
ability to the "pure'" systems due to the off-farm earned
income being more than enough to overcome the earning abil-
ity of the various '"pure'" farming systems.

For the 480 acre and 640 acre farm sizcs the com-
plete custom hire plus off-farm work is again the largest

income producing system.

Returns to Risk, Management, and
Unallocated Capital

Table 14 presents the returns td risk,.management,
and unallocated capital associated with alternative farming
systems for all farm sizes.

The rent-out systems for all farm sizes have neg-
ative returns to risk and management values due to inability
~of the system to produce enough income to cover the oppor-
tunity costs on land investment. The complete ownership

system of the 160 acre farm size also is negative duc to a
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lack of returns able to cover opportunity costs on operator
and family labor and land investment. This lack of returns
is due to high machinery costs for the assumed machinery
cdmplement for the farm size. |

All other systems for all other farm sizes have
positive returns to risk and management.

The highest returns to risk and management for the
"pure" systems changed from the complete custom hire system
for the 160 acre farm size to the.cash rent-in sysfeﬁ for
the 320 acre farm size, thence to the ownership plus cash
rent-in system for the 480 acre and 640 acre farm sizes.
The lowest positive returns to risk, management, aﬁd unal-
located capital accrue to the crop-share rent-in system for
the 100 acre farm size, the ownership plus custom harvest
system for the 320 acre farm size, the complete custom hire
system for the 480 acre farm size, and the cash rent-in
system for the 480 acre farm size.

If the farming systems are unable to cover their
opportunity costs, the owner-operator might want to examine
alternative enterprises where the returns to risk, manage-
ment, and unallocated capital is not negative. However,
the criteria for selecting a system should not be the mag-
nitude of the returns to risk, management, and unallocated
- capital alone as this may not necessarily.indicate the:
largest amount of funds available for consumption, growth,

and general overhcad expenses.



77

Optimal Enterprise Organization

The optimal enterprise organization for each farming
system for each farm size is presented in Table 15.

The optimal organizations for the complete owner-
ship, ownership plus custom harvest, crop-share rent-in,
complete custom hire, and crop-share rent-out farming
systems for all farm study sizes have the same proportions
for each crop. The proportions for these farming systems
are: corn, 38.75 percent, Qheat,'16.25 éercént, and soy—
beans, 45 percent.

The Cash Rent-Out'system has no enterprise organiza-
tion shown due to the landlord having little control over
the management of the cropping operations of the tenant.

The Ownership plus Crop-Share Rent-In and the
Ownership plus Cash Rent-In systems have identical enter-
prise organizations for all farm sizes. The two systems'
enterprise organizations differ from the above mentioned
systems in that the rented acreages are all allocated to
Vthe corn enterprise. The 160‘acre and 320 acre farm size
enterprises' proportions are the same as that of the Com-
plete Ownership farming system: corn, 38.75 percent, wheat,
16.25 percent, and soybeans, 45 percent. The 480 acre farm
size has 284 acres of corn, 52 acres of wheat, and 144 acres
of soybeans. For the 640 acre fafm size, the wheat and

soybean acreages stay the same as these for the 480 acre

[57]

farm size but the corn acreage jumps to 444 acres.
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The Cash Rent-In systems differ from the proportions
to the various enterprises for the 480 acre and 640 acre
farm sizes due to the capital restraint limiting the total
cropped acres. The optimal entérprise organization for the
480 acre farm size is corn, 186 écres, wheat, 79 acres, and
soybeans, 118 acres. For the 640 acre farm size, the enter-
prise organization is 248 acres of corn, 105 acres of wheat,
and 14 acres of soybeans. The minimgl soybean acreage is
due to the program foréing a minimum level of wheat écreége,

and a maximum level of corn acreage.

Comparison of Labor Utilization

A comparison of operator and hired labor utilized
by farming systems and farm size is presented in Table 16.

The cash rent-out and crop-share rent-out systems
used no operator or hired labor. This is due to the op-
erator of the system not participating in the actual crop-
ping activities, except in the case of the crop-share rent-
out where participation is limited to partially financing
the crop. The complete custom hire system receives its
labor as a part of the custom services which it hires and
therefore the operator does not provide labor to the system
directly.

The ownership plus custom harvesting systém uses’
the next smallest amount of labor for ail farm sizes.
Again, this is due to labor services for harvesting being

acquired through the custom hiring ot the harvestinz cper:
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The operator and hired labor utilized by the remain-
ing systems for the 160 acre and 320 acre farm sizes is the.
same. The reason for this is that the method of acquiring
machinery services and corresponding iabor service reﬁuire-.
ments does not change although the method of acquiring land
services does change. At the 320 acre and 640 acre farm
size level, the operating capital constraint stops the ex-
pansion of farm size for the cash rent-in system and there-
fore limits the labor utilization. .

The labor utilization for the complete ownership,
ownership plus cash rent-in, ownership plus crop-share rent-
in, and the crop-share rent-in systems for the 480 acre and
640 acre farm sizes is the same, and the largest amount of
labor utilized for all farming systems.

In all cases, as farm size increased, operator labor
services and hired labor service utilization increased.
Operator labor utilization was greater for all farm sizes
and systems than hired labor utilization due to labor serv-
ices being hired only when the demands exceeded the suppiy
of operator labor services in that time period. The op-
erator labor service supply was sufficient to meet all labor
service demands for the 160 acre farm size. Starting with
the 320 acre farm size, the operator labor service supply
was not adequate for the demands on some time periodé and

labor services were hired.
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Comparison of Operating Capital

A comparison of total operating capital and annual
operating capital for all farm sizes and farming systems is
presented in Table 17. Annual operating capital is the
total amount of capital borrowed adjusted to a yearly figure
based on the length of time for which the money was bor-
rowed. All operating capital is borrowed at the beginning
of the production Eeriod and repaid at harvest. Operating
capital consists of all variable cash expensés.

The largest amount of total operating capital and
the corresponding annual operating capital for the 160 acre
and 320 acre farm sizes is borrowed by the cash rent-in
system. This is due to the larger opeéating requirements
of cash rent; machinery operating expenses; seed, fertilizer,
and herbicide costs, and other variable cash expenses. The
second largest operating capital using system for the 160
acre and 320 acre farm size, and the largest user for the
480 acre and 640 acre farm size is the complete custom hire
system. The large capital requirements for this system are
due to the cash expenditures to pay for the custom opera-
tions in addition to the seed, fertilizer, and herbicide
costs. The third largest operatihg capital using system
for the 160 acre and 320 acre farm size is the ownership
plus custom harvesting system.

The largest operating capital using system for the

480 acre farm size is the complete custom hire system
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followed by the cash rent-in system. In third place is the
ownership plus cash rent-in system. The cash rent-in system
dropped from the largest user of operating capital position
due to the operating capital constraint stopping atreége
expansion and hence operating capital usage at the 480 acre
farm size. The complete custom hire system is large due to
amounts of capital required to pay for the custom charges in
addition to the other variable cash expenses.

For the 640 acre farm size, the complete custom hire
system is the largest operating capital utilizer due to the
previously mentioned reasons. The second largest operating
capital user is the ownership plus cash rent-in system.

The cash rent-out system uses no operating capital
and thereforc ranks as the smallest user ol oupcrating
capital. The second smallest user is the crop-share rent-
out system because the system provides only 1/3 of the

costs of the seed, herbicide, and fertilizer.

Farm Sizes Necessary to ProduCe‘Incomes
Equal to Average Manufacturing Wages

The farm sizes for the alternative farming systems
necessary to produce an income equivalent to that of an
industrial worker in Michigan are presented in Table 18.

The income level selected was that of an industrial
worker in the manufacturing ¢lassification. ‘Thiéfclassifi-

cation is broad encugh so that it is representative of a
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large portion of the job market and could be assumed to be
representative of the wage rate that a farm operator could
expect to receive if he were to work off-farm. This com-
parison is useful in that it may provide some guideline for
the farm operator to guage his level of income relative to
the off-farm worker and help him to make a decision as to
the desirability, in terms of income, of staying in agri-
culture or moving off-farm, depending on his particular
situation. ' : S .

Using the returns to risk, management, and unallo-
cated capital as the income criteria with which to equate
the industrial worker, the smallest farm size necessary to
produce an income equivalent to an average manufacturing
wage in Michigan is 410 acres associatced with the crop sharc
rent-in system. This is followed by 412 acres as the second
smallest farm size producing the manufacturing wage equiv-
alent. The farming system associated with this farm size
is the ownership plus cash rent-in system.

The farming system associatéd Qith the largest farm
size, 502 acres, is the complete custom hire system. The
ownership plus custom harvesting system has the second
largest acreage, 490 acres, necessary to produce an income
equivaient to that of an industrial worker.

The system whiéh used the largest .amount of»operatj
ing capital to produce an eq&ivalent income is the complete

custom hire system, followed by thc ownership plus custom
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harvesting system. The crop-share rent-in system used the
least operating capital.

The complete ownership system used the most labor,
both operator and hired, in producing the income edui&alent:
The complete custom hire system used the least labor.

The farming systems with the least invested capital
are the ownership plus cash rent-in system and the ownership
plus crop-share rent-in system. The second smallest amount
of invested capital necessary to pruvide an income equiv-
alent to that of an industrial worker's wages is associated
with the crop-share rent-in system. The largest amount of
invested capital is associated with the complete ownership
system.

The casii rent-in system, the cash rent-out system,
and the crop-share rent-out system were not analyzed because
these systems did not produce a level of returns to risk,
management, and unallocated capital sufficient tc equal the

level of income of an industrial worker.

Implications of the Study

Based on the assumption that farm operators wish to
maximize income that is available for growth, consumption,
and general farm overhead, a humber of implications arise
from the results of the study. Some of these implications
aref (1) It appears that the larger farm sizes with the

operator employed full-time on the farm are relatively
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profitable which may result in larger and fewer farms in
the future. (2) At the smaller farm sizes, based on the
larger associated incomes, the operator will tend to custom
hife part or all of the required machinery servicc,, whiéh
may result in an increased demand for custom services. (3)
The smaller operators (less than 320 acres) will tend to
enlarge their operations or to take off-farm jobs in order
that they might maintain or raise their incomes. (4) Pure
tenancy will tend to decrease becéuse of low retﬁrﬁs.to |
these operations relative to other farming systems and its
low capital generating ability. (5) Corn and soybeans with
a minimum acreage of whecat allowable to maintain the allot-
ment will become the dominant crops provided the government
programs assumed for tnis study do not cnange. (6) Based
on the relatively low returns over cash costs, it appears
that the smaller rent-in and rent-out farming systems will
have 1little chance for grdwth unless off-farm work is
undertaken to raise the income of these systems. (7)
Finally, the more resource services the operator can ac-
quire, the better opportunity, it appears there is for a
higher income.

The implication that there will be larger and fewer
cash-grain farms is based on increased income as farm size

increases, and the increased pressure to enlarge the farm
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to provide more employment to the operator or to rent-out
or custom hire operations and work off-farm on the small
farms to compensate for low returns.

The implication that the smaller farm size'opératorg
will custom hire part or all of their machinery services is
based on the higher income earning potential of these farm-
ing systems as compared to thc other farming systems.

For the 320 acre and less farm sizes, the larger
returns accrue to the 'combined" farming systems.  This is
strikingly shown by the 160 acre farm size. The larger
returns of the '"combined" systems is cause to expect move-
ment to off-farm work plus some arrangement concerning the
farm operation itself.

The '"'tenant' or rent-in farming systems are consis-
tently low or lowest in terms of income potential. If
possible, the operator may desire to change to another
farming system, increase the size of his operation, or
leave farming altogether in order to raise his income.

The optimal organizations for.the alternative farm-
ing systems in Southern Michigan are composed of corn and
soybeans, with a minimum of wheat, provided the government
programs assumed for this study do not change. This is
cause to believe a shift to corn, soybeans, and wheat might

occur.
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Limitations of the Study

In general, the study was limited by the single
value expectations assumed .for the study. - More information
could be gathered if prices paid and received, yields, soil
group, and machinery complement size were varied. By vary-
ing prices paid and received, an indication of the sensi-

tivity of the various farming systems to price changes

could be determined. The technical input-output coefficients

were fixed at a given level. By varying these coefficients
and analyzing the resulting changes, valuable information
about the responsiveness of the systems could be gained.

The study was restricted to the loams-clay loam soil man-
agement group which is representative of only a part of
Southern Michigan, resulting in limited geographic coverage.
Four-row equipment and power units were assumed to be rep-
resentative of the farms in Southern Michigan. By varying

the equipment complement and power units, comparative

information on machinery size and its effects on farm income .

could be gained.

An average factory wage was assumed to be the income
earning ability of farm operators. This may or may not be
the case and therefore limits the creditability of the
comparison of the farming systems with off-farm work and
those without off-farm work. - Also, the wage'rhtéfpaid to
hire labor for the farming systems were not varied, thereby

limiting the study.
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Also, a harvest sale was assumed. Not all cash-
grain farmers sell at harvest. Consideration of storage,
on or off-farm, would exteqd the applicability of the study.

A single managerizl level was assumed. Whéreithe '
managerial level varied, implications could be drawn about
the importance of management in relation with the farming
system. Another limitation and area for further study is
that this study only tried to specify the major farming
systems under a single proprietorship. More research needs
to be done in the area of what farming systems are actually
in use and why, plus potential farming systems and their
potential income earning abilities. The study was limited
in that the number of farms of the various systems that
could be supported in Southern dMichigan was not analyzed,

as were not the problems of entry, exit, and growth.

Suggestions for Further Study

Many important areas for furthe? study were men-
tioned under the Limitations of fhe Sfudy section. In
addition to these, interesting tangents to the main stream
of the study would arise as it was made. Some of these are
as follows: What jobs are available to those persons which
have farm skills? Further, to insure off-farm jobs, what
skills should farmers possess? What should be.the objec-
tivés of rural schools? To prepare the students to stay in

rural areas or to move to urban areas?
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Another interesting topic would be to determine
exactly what farming systems farmers are using? Also, how
should these systems be adjusted in order to increase their
profitability and attain the goals of the operators. .It i§
difficult to make recommendations about what to do unless
the present situation is known.

More study should be done on the custom hiring of
services. Who provides these services? Farmers with excess
machinery capacity? Companies offering custom services to
expand the sales of other products? Or, full-time custom
service providers? What are the possibilities for the
future of this field?

Of interest, also, is the effects on income of the
various alternative actions under governiehl programs.
Should individual farmers take part in government programs?
If so, to what extent, and under what circumstances?

I Another need for further study lies within the
management process itself. What 1is management is.a ques -
tion that yet has to be satisfacforil} answered though much
research has been accomplished in this area. Further study
needs to be done in the conceptualization of farm systems
and their interrelation and interaction.

Better management techniques are needed in order to
help the farm operators cope with the flood of. new equipment
and-technology that is occurring. On what basis does a

farm operator decide to change machinery systems which cost
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thousands of dollars? How does an operator decide to quit
farming and work off-farm? How does a farmer gather infor-.
mation to make these decisions?

As change takes pliace in agriéulture, each.of the

above points may provide interesting research topics.



CHAPTER V
SUMMARY

The major purpose of this study was to provide
information to farmers, agricultural workers, and policy-
makers about potentialvincomes associated with altérnative
farming systems on cash-grain farms in Southern Michigan.
The specific objectives of the study were to: (1) describe
major farming systems on Southern Michigan cash-grain farms;
(2) determine the optimum farm organization associated with
each farming system and varying farm sizes; (3) compare the
potential incomes associated with these farming systems
over varying farm size levels; and (4) appraise the adjust-
ment implications for cash-grain farmers.

Nine farming systems were studied, each differen-
‘tiated from the other by the manner in which 1énd, lébor;
machinery, or capital were acquired. These farming systems
were: complete ownership, ownership plus crop-share rent-in,
ownership plus cash rent-in, ownership plus custom hire,
crop-share rent-in, cash rent-in, complete custom harvest,
cash rent-out, and crop-share rent-out.

The "synthetic firm" approach, with linear program-

ming and partial budgeting, was used to estimate potential

99



100

income and the optimal organization associated with the
alternative farming systems. Four farm sizes were assumed
for each farming system: 160 acres, 320 acres, 480 acres,
and 640 acres. A comparative ahalysis of the various farm-
ing systems was based on the retﬁrns over cash costs; re-
turns to risk, management, and unallocated capital; operat-
ing capital; labor utilized; optimal enterprise organization;
and the farm size necessary to provide an income equal to
that of an average Micﬁigan‘durable goods manufacturing
worker in 1967. Enterprises included in the analysis were
corn, wheat, oats, soybeans, and alfalfa.

The farming systems were analyzed with and without
off-farm work assumed for some of the farming systems.
When off-farm work was assumed, it was considered for only
three systems: crop-share rent-out farming system, cash
rent-out farming system, and complete custom hire farming
system. The average annual wage rate for a durable goods
industry worker ($7,289) was assumed to be the income ob-
tained from off-farm work for the cash rent-out and fhe
crop-share rent-out farming systems. Eighty percent of the
average annual wage rate for a durable goods industry
worker was assumed to be the off-farm income earned by the
complete custom hire farming system. The remaining 20
percent was assumed to be used in ‘the management of the -

custom hiring operations.
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As farm size increased, the farming system (no
labor sold off-farm) which produced the largest returns
over cash costs changed also. For the 160 acre farm §ize,
the complete custom hire system 1is thé largest incbme pro-
ducer because of lower total machinery costs. In second
place was the ownership plus custom harvesting system. The
custom hiring of harvesting operations kept the machinery
investment down and returns up compared to the other farming
systems at this level. As the farm size increased to 320
acres, the complete ownership farming system became the
largest income producer with a range of $441 between this
system and the next system; ownership plus custom harvesting.
The complete custom hire system ranked third. Apparently
the economies of size of the machinery complement lowered
the ownership costs below the custom charges, thereby push-
ing the complete ownership system into first place. For
the 480 acre and 640 acre farm sizes, the complete ownership
system was the largest income producer with wider.margins
over the second largest income producer as acreage incre;sed{

The introduction of off-farm work resulted in a
re-arrangement of the standings of the various systems,
based on income earning potential. For all farm sizes, the
complete custom hire plus off-farm work system was the
largest income producing system, although from the 320 acre
farm size, the range between first and second positions

shrunk. As farm size increased, the cash rent-out plus
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off-farm work system and the crop-share rent-out plus off-
farm work system lost in ranking of importance and the
complete ownership system increased.

The optimal organization for fhe complete ownership,
ownership plus custom harvesting, crop-share rent-in, com-
plete custom hire, and crop-share rent-out systems for all
farm study sizes had thc same proportions for each crop.
The proportions for these farming systems are: corn, 38.75
percent; wineat, 16.25 percent; and séybeans, 45.00;percent.

The enterprise organization of the cash rent-out
system was not under the control of the operator of this
farm system, and therefore was not considered. The owner-
ship plus crop-share rent-in and ownership plus cash rent-
in systems had identical enterprise organizations which
differed from the other systems in that they had a larger
percentage of corn and a smaller percentage of wheat and
soybeans. The cash rent-in enterprise organization for the
480 acre and 640 acre farm sizes differed from the above
mentioned organizations because of the credit festraint
limiting the farm operation.

As would be expected, those farming systems with
the largest expenditures hired more services relative to
the other farming systems and also used the most operating
capital. As the use of total capital services increased,

so did income.
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There appeared to be little relationship between
potential incomes associated with the alternative farming
systems of various sizes and wages of industrial workers.
Hoﬁever, as might be expected, those farming systcms whiéh
had lower productivity required more acreage to provide
the income level desired.

Based on the returns over cash costs, it appears
that the larger farm sizes with the operator employed full-
time on the farm are relatively pfofitéble which.méy“resulf
in larger and fewer farms in the future. At the smaller
farm sizes, based on the larger associated incomes, the
operator will tend to custom hire part or all of the
required machinery services, which may result in an in-
creased demand for custom services. ‘The smaller operators
(less than 320 acres) will tend to enlarge their operations
or to take off-farm jobs in order that they might maintain
or raise their incomes. Pure tenancy will tend to decrease
because of low returns to these operations relative to
other farming systems and its low capital generating abil-
ity. Corn and soybeans with a minimum acreage of wheat
allowable to maintain the allotment will become the
dominant crops provided the government programs assumed
for this study do not change. Based on the relatively

-low returns over cash costs, it appears that
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the smaller rent-in and rent-out farming systems will have
little chance for growth unless off-farm work is undertaken
to raise the income of these systems. Finally, the more
iesources services the operator can acquire, the better
opportunity it appears there 1is for a higher income.

In general, the study was limited by the single
value expectations assumed for the study. More information
could be gathered if prices paid and received, yields, soil
group, and machinery cbmplement size-weré varied. Also, a
single managerial level was assumed. Where the managerial
level varied, implications could be drawn abdut the impor-
tance of management in relation with the farming system.
Another limitation and area for further study is that this
study only tried to specify the major farming systems under
a single proprietorship. More research needs to be done in
the area of what farming systems are actually in use and
why, plus potential farming systems and their potential
income earning abilities. The study was 1imi;ed in that
the number of farms of the various systems that could be
supported in Southern Michigan was not analyzed, as were

not problems of entry, exit, and growth.



SELECTED BIBLIOGRAPHY .



SELECTED BIBLIOGRAPHY

Armstrong, David. Work sheets and unpublished research on
labor utilization. East Lansing: Department of

Agricultural Economics, Michigan State University,
1968.

Brake, John. Unpublished research on interest rates. East
Lansing: Department of Agricultural Economics,
Michigan State University, 1969.

Connor, Larry J. Costs and Returns for Major Cash Crops in
Southern Michigan. Agricultural Economics Report
No. 87. East Lansing: Department of Agricultural
Economics, Michigan State University, 1967.

Heady, Earl O. Economics of Agricultural Production and
Resource Use. LEnglewood Cliffs, N. J.: Prentice-
Hall, 1952.

, and Candler, Wilfred. Linear Programming Methods.
Ames: Iowa State University Press, 1958.

Hill, E. B., and Mawby, Russell G. Types of Farming in
Michigan. Agricultural Experiment Station Special
Bulletin 206. East Lansing: Michigan Agricultural
Experiment Station, 1954.

Kyle, Leonard R. Business Analysis Summary for Cash Grain
Farms, 1967. Agricultural Economics Report No. 99.
East Lansing: Department of Agricultural Economics,
Michigan State University, 1968.

Lee, John E., Jr. '"Resource Ownership and Use-Rights in
Agriculture." The Structure of Southern Farms in
the Future. Edited by Charles R. Pugh. Agricul-
tural Policy Series 30. Raleigh: Agricultural
Policy Institute, North Carolina State University,
1968.

McMillan, Claude, and Gon:zales, Richard F. Svstems Anal-
ysis: A Computer Approach to Decision Models.
Irwin Sceries 1an quantitative Analvsis for Lusiness.
lfomewood, T1L: Richard D. Irwin, 1905.

105



106

Patrick, George F., and Eisgruber, Ludwig M. "The Impact
of Managerial Ability and Capital Structure on
Growth of the Farm Firm." American Journal of
Agricultural Economics, L (August, 1968), pp. 491-
506. '

Shaffer, James D. '"The Scientific Industrialization of the
U.S. Food and Fiber Sector: Background for Market
Policy." Agricultural Organization in the Modern
Industrial Economy. NCR-20-68. Columbus: Depart-
ment of Agricultural Economics and Rural Sociology,
1968.

United States Bureau of the Census. Statistical Abstract
of the United States: 1954, 75th ed.

Statistical Abstract of the United States: 1964,
85th ed. '

. Statistical Abstract of the United States: 1968,
89th ed.

United States Department of Commerce, Environmental Science
Services Administration, Environmental Data Service.
Climatological Data: Michigan Annual Summary, 1968,
Vol. LXXXII1l, No. 13.

Vincent, Warren. '"A Management Information System as a
Basis for Organizing Farm Management Resources."
Paper presented during a Computer Application Pro-
gram. East Lansing: Department of Agricultural
Economics, Michigan State University, 1969.



APPENDIX



107

APPENDIX TABLE 1

Assumed Prices Paid and Received1
Item . Unit Price
PRICES PAID:
Seed:
Corn for grain bu. 13.50
Wheat bu. 3.25
Oats bu. 1.75
Soybeans bu. 4,50
Alfalfa 1b. .62
Fuel and Lubricants: : '
Gasoline ' . gal., - .174
Diesel gal. .154
Motor Oil : gal. .90
Lubricant 1b. .22

Fertilizer:
Amonium Nitrate (33 1/3-0-0)

Bulk ton 70.00

Bag ton 75.50
Anhydrone Ammonia

With equipment ton 120.00

Without equipment ton 110.00
Phosphate (0-46-0)

Bulk ton 80.00

Bag ton 84.50
Potash (0-0-60)

Bulk ton 51.00

Bag ton 55.50

Chemicals: ,

Atrazine 1b. 2.90
Z1 4-D (amine) 1b. .82
Amiben 1b. 5.00

Hauling:

“Corn and Soybeans bu. .06
Wheat and Oats bu. .05
Alfalfa (hauling and storing) bale .10

Land: 2 . . acre 300.00
Cash Rent ‘ . ‘ actre | - 18.00

Labor: .hr. 1.50
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APPENDIX TABLE 1 (Continued)

Item Unit Price
PRICES RECEIVED:>

Corn bu. 1.10
Wheat bu. 1.50
Oats bu. .67
Soybeans bu. 2.60
Alfalfa ton 22.50
Land (Cash Rent) acre 18.00

1

2

These price assumptions are not to be interpreted as pre-
dictions or nrosnnctive »ricos,
are shown in Appendix Table 10.

Assumed machinery prices

Real estate taxes are assumed to be one percent of the

land price per acre.

3Approximate 1967-68 season average prices.

Source: Larry J. Connor, Cost and Returns for Majbr Crops

in Southern Michigan, Agricultural Economics Re-

port No. 87, Department of Agricultural Economics,
Michigan State University.

FE
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APPENDIX TABLE 2

1
Crop Yields, Fertilizer and Herbicide Requirements, and |
Machinery Operations for Selected Cash-Grain Crops |

1 X:giﬁgﬁ ) Seed Fertilizer ‘

Crop Yield Requirements Requirements |

(acre) (acre) N-PZOS-KZO |

—

Corn 85 bu. .21 bu. 80-0-0 ‘

10-50-25 |

Wheat 45 bu. 1.75 bu. ' 45-75-25 1

Oats 65 bu. 2.25 bu. 45-50-15 ‘

Soybeans 28 bu. .83 bu. 30-50-15 l
Alfalfa 3.2 ton 2 1b. - ‘0-50-15

1Corn was planted in 38-inch rows; soybeans in 28-inch rows.

2Quantities shown refer to actual pounds of nitrogen, phos-
phate, and potash, respectively. )

Source: Larry J. Connor, Cost and Returns for Major Cash Crers
in Southern Michigan, Agricultural Economics Report
No. 87, Department of Agricultural Economics, Michigan
State University.

I
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Herbicide

Requirements
(1bs/acre)

Machinery
Operation

Times
Over

2
(atrazine)

.25
(2’4'D)

1
(amiben)

bulk spread
fertilizer

plow

plant and fertilize
spray

cultivate

harvest .

plow

disc

harrow

drill and fertilize
harvest

plow

disc

harrow

drill and fertilize
spray

harvest

plow

harrow

plant, fertilize, and
spray

cultivate

harvest

plant and fertilize
fertilizer (top-dress)
mow-condition

windrow

bale

2nd harvest

3rd harvest

R S T e e S e el
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APPENDIX TABLE 4

Total Labor Requirements Per Acre For Selected
Cash-Grain Cropsl

Crop Acres Hours Per Acre2
Corn 160 6.495
320 5.473
480 4,951
640 4,612
Oats 160 , 4.524°
320 ’ 3.564
480 3.101
640 2.808
Alfalfa 160 10.841
320 9.891
480 9.374
640 . 9.023
Wheat 160 4.411
320 3.521
480 3.086
640 2.811
Soybeans 160 5.100
320 4,008
480 3.481

640 3.150

1Based on unpublished research by David Armstrong, Depart-

ment of Agricultural Economics, Michigan State University.

2The hour per acre is based on a Cobb-Douglas function, log
Y = a-blogX where Y = hour per acre and X = acres. The A
and B values are:

CroE A B
Corn 1.3570 0.2470
Wheat 1.3613 0.3252
Oats 1.4135 0.3439
Soybeans 1.4735 0.3475

Alfalfa 1.3269 0.1324
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APPENDIX TABLE 8
Custom Rates Per Acre by Enterprise and Operation

Enterprise and Operation Custom Rates Per Acre
(Dollars)
CORN
Spread fertilizer 1.05
Plow 5.5C
Plant and fertilize 2.30
Spray 1.50
Cultivate 2.00
Harvest 7.00
Total for Corn 19.55
WHEAT
Plow 5.50
Disc A 2.00
Harrow , - 1.50
Drill and fertilize 2.00
Harvest 6.00
Total for Wheat 17.00
OATS
Plow 5.50
Disc 2.00
Harrow . 1.50
Drill and fertilize 2.00
Spray 1.50
Harvest 6.00
Total for Oats 18.50
SOYBEANS
Plow 5.50
Harrow 1.50
Plant, fertilize, and spray 2.50
. Cultivate 2.00
Harvest 6.00
Total for Soybeans ‘ 17.50
ALFALFA
Fertilize 1.00
Mow condition 2.50
Windrow 1.50
Bale 3.20
2nd harvest 7.20
3rd harvest 7.20
Total for Alfalfa 22.60

Sources: Gary Benjamin, An Economic Analysis of Alternative

: Means of Acquiring Farm Machinery Services for
Southern Michigan Cash-Grain Farms, (unpublished
M.S. thesis) Michigan State University.

Rates for Custom Work in Michigan, Extcnsion Bul-
Ietin E-485., Coopcrative Lxtension Service,
Michigan State University.
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APPENDIX TABLE 9 l

Available Operator Labor by Time Period

Time Period Available Operator Labor™ : 3”7

(Hours)

November-March 1,160
April 260
May 270
June 250
July 270
August 270
September 250
October 270
Total 3,000

lAssumes operator works 60 hours per week for 50 weeks per
year with two weeks vacation in the November-March time
period. : .

Source: E. M. Hughes, Jr. and B. F. Stanton, Time Spent on
Entrepreneurial and Related Activities, Agricultural
Economics Report 187, Department of Agricultural
Economics, Cornell University.
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APPENDIX TABLE 10

Assumed Four-Row Machinery and Power Complement

Item Description . New Cost
(Dollars)

Tractor Diesel, 51 HP (PTO) 5,185.00
Tractor Diesel, 64 HP (PTO) 6,205.00
Combine 10 ft., SP, with grain platform 6,240.00
Corn head Two-row 1,985.00
Bean head 900.00
Baler Size 14 x 18, PTO, Twine Tie 1,830.00
Plow 4-16", semi-mounted 1,050.00
Plauter Four-i1ow with fert. attach. 1,075.00
Drill 15-7", with fert. attach. 1,100.00
Cultivator Four-row 875.00
Disc 12 f¢t. 1,000.00
Harrow 12 ft. 250.00
Windrower 12 ft. PTO 1,190.00
Mower-conditioner 7 ft. 2,000.00
Sprayer 6-row, pull-type with tank 575.00

Source: Larry J. Connor, Costs and Returns for Major Cash
Crops in Southern Michigan, Agricultural Economics
Report No. 87, Department of Agricultural Economics,
Michigan State University.
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APPENDIX TABLE 11

Cropland Renting Questionnaire

Confidential:
For Research
Purposes Only

Department of Agricultural Economics
Michigan State University
Questionnaire on Cropland Renting in Southern Michigan

1. Is cropland in your county typically rented on a cash
lease or crop share basis?

la. What percentage of the total cropland is rented
on a cash lease and crop share basis?
% %
2. What is the current rate per acre for renting cropland
on a cash lease basis? ($ per acre)

3. What are the tyricnl shares vnder crop share lease for
the following crops:

Crop Tenant's Share

Corn

Wheat
Soybeans
Field beans
Oats
Alfalfa

3a. What proportion of the following cost items is the
tenant responsible for?
Proportion which Tenant
Item is Responsible for

Seed

Fertilizer
Herbicides

Power and Machinery
Other

Thank you.
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APPENDIX TABLE 12

Results of Cropland Renting.Surfey

Question Description Response
1 Typical Renting Arrangement
Cash Lease 0
Crop-Share Lease 6
Both 5
Total 1T
la Percentage Total Cropland Rented By:
(a) Cash Lease (b) Crop-Share Lease
35% 65%
25% 75%
25% 75%
40% 60%
25% 75%
25% 75%
40% 60%
25% 75%
5-% 50%
15% 85%
50% 50%
2 Current Cash Rent Per Acre:
Range Acreage When Given
$8 to 20
10 to 25 17
I0 to 15
12 to 15
10 to 20
10 to 30 18
5 to 25 12
10 to 15
15
10 to 25

15
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APPENDIX TABLE 12 (Continued)

Question

Description . Response

3

3a

Typical Tenant Share Under Crop-Share Lease:

50%
Corn 4
Wheat 4
Soybeans 4
Field Beans 3
Oats 4
Alfalfa 6

66-2/3%

HWRWNWWWW

Both Do Not Grow
4

4

3 1

1. 4

4

4

Proportion Which Tenant is Responsible For: 50%

50%
Seed 6
Fertilize 6
Herbicide 6
Power and
Machinery

66-2/3%

1
1

50% to 66-2/3%

[
100%  “1003  to 100%
2 2 2
2 2 2
2 2 2
13

TTY S—
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