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ABSTRACT

RELATICHSEIP CF DAIRY FARID NuT INCCLE
TO SEACIFI&D FARL KANAGEL T FPACTCORS

by John A. Speicher

Michigan dairy farms that utilized both lMail-In
Farm Account records and D.H.I.A. or Owner-Sampler records
for any year in the period from 1958 throuzh 1962 were
used as a source of data. A total of 1,041 farm record
years was included in the study. A prediction equation
was developed based upon a multiple rezgression model. The
degree of curvilinearity of each managerent factor was
established by singularly correlating the factor to net
income. The 38 farm management factors were then classi-
fied into groups measuring characteristics of the farm en-
terprise, and the effects of different combinations of
factors within groups were studied as a means of reducing
the number of factors to those making a significant
(P <« .01) contribution in the explained variation in net
income. Selected factors measuring size, crop efficiency,
livestock efficiency, labor efficiency, costs, intensity
and organization were combinred to form the predicticn
equation.

The correlation of the 14 management factors ac-

cepted as the independent variables in the prediction
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equation with net income gave a coefficient of determina-
tion (R2) of .75. The average net income was $3,174 with
a standard error of estimate of {$2,577. Farm wanazement
factors which were measures of size exhibited a slight
degree of curvilinearity when correlated with net incone.
The two size factors used were number of cows and number
of tillable acres and were found to account for 28 percent
of the total computed direct and indirect effect of the
factors on net income.

Measures of crop efficiency used were crop value
per tillable acre, soil value rating, and percent cash
crops. DNet incoume was found to increase at a decreasing
rate as any of the crop efficiency factors increased. The
combination of crop factors explained 25 percent of the
computed direct and indirect effect of the management fac-
tors on net income. Crop value per tillable acre was
credited with the major portion of this effect. Livestock
efficiency factors which were measures of output were
linear while those measuring price were curvilinear. Live-
stock factors accounted for 29 percent of the total com-
puted direct and indirect effect of the factors on net
income. Livestock income per $100 feed expense was

credited with 75 percent of this effect. The presence of
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the income to expense ratio appeared to mask the effect of
both level of production and milk price. liachinery ex-—
pense per tillable acre and number of tillable acres per
cow accounted for 12 percent and 4 percent, respectively,
of the computed direct and indirect effect of the factors
on net income.

When the sample was sorted accordinz to breed, the
relationship of the factors to ret income for Holstein
herds was comparavle to that reported for the total sample.
Jersey and/or Guernsey herds, however, were effected to a
greater extent by the size and crop factors and to a

lesser extent by the livestock efficiency factors.
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INTRODUCTICN

The income derived from a dairy farm operation is
the ultimate concern of the dairyman in his role as man-
ager of that business.

Dairying as practiced in Michizan is basically a
means of marketing the products of land and labor. With
a system of dalirying where the majority of the feed for
the dairy nherd is produced on the farm, factors such as
the cropring system gnd crop yields, size and organiza-
tion of the farming operation as well as dairy sales and
expenses are of importance if maximum income is to be
achieved.

A tool in analyzing farm operations and organiza-
tion used by workers in the field of farm management is
the adaption of certain measures of farm business to a
scale or standard to serve as reference points. The rea-
sonins advanced in defense of this method of analysis is
that it has the advantaze of speed of analysis and that
by comparing a series of farm management standards against
a particular farm it is possible to spof the weaknesses
and strong points of that farming operation.

This study was designed to study the effect of a
number of these measures of farm business activity or farm

management factors on the net income derived from the

-1 -




dairy farm. The major objective set forth in carrying out
this study was to determine which of these farm management
factors were of importance in explaining the variation in
net incomne.

The primary means of studying the association of
net income with these farm management factors was with
multiple correlation analysis. The sources of the finan-
cial and production records for this study were the
ichigan lail-In Farm Account Record Project under the
direction of the Departiient of Agricultural mconomics as
well as the Dairy kerd Improvement Association and Owner-

Sampler records under the supervision of the Departuent of

Dairy. The sample used for the analysis consisted of those

Michigan dairy farms on which both record systems were

utilized for any of the years of 1958 throush 1962.



REVIEW OF LITZRATURE

Financial success in dairy farming results from
technical operations involving cows, acres, crop yields,
milk production, feed consumption, and other physical
factors. leasures of the technical efficiency in the
various farm enterprises have been used in the analysis
of farm operations almost since the first attempts to
develop and use farm records. Boss (3) in discussing the
history of farm cost accounting records stated that in
the search for satisfactory measures of cost, emrhasis
was turned toward determining the physical factors of cost
encountered in farm operation and management. These meas-
ures of the man, horse and machine input, and the physical
quantities of the elements used in production allowed a
determination of the cost on the basis of prevailing wage
and price factors. Boss further points out that these
physical measurements allowed comparison between farms and
farming areas which then spotlighted the most efficient

operators and the most profitable practices in production.






Description of the Various Farm lNanacement Factorsl

Farm management factors have been developed which
measure a large number of the aspects of farm organization
and operation. lMany of the factors are repetitive in that
they measure the same characteristics. This repetition
of measurement requires a classification and description
of the various factors which have been used before a fuller
review can be made as to their influence on farm returns.
Hopkins and Heady (8) in discussing farm management fac-—
tors classified them into groups measuring eight different
characteristics of the farm enterprise. This classifica-
tion is presented below:

l. Size of Business. Size may be measured in rela-

tion to land, labor, capital, or some particular
characteristic of the type of farming under

study.

lIn trying to give a gerneral title to these varied

measures of farm activity, farm management workers have
sucgested and used numerous terms. Some of the titles more
commonly used are farm management factors (14,17), farm
practices (13), farm efficiency factors (8,14), farm fac-
tors (15), factors in success (7), and farm business meas-
ures (19). In reporting the findings of the various stu-
dies, the term farm management factors will be used as a
general title throughout this paper so as to furnish more
continuity.






Total acres under cultivation.

Gross investment measures the value of all

inventories involved in the farming opera-
tion. This includes the value of the land.

Iumbers of livestock measured in terms of

cows, sows, hens, or animal units. An ani-
mal unit is used as a common denominator for
different types of livestock and is ordi-
narily considered to be an amount of live-
stock equivalent to one cow, bull, steer,

or horse and is based primarily on feed con-
sumption.

Acres in a selected crop is often used where

there is an extremely predominant crop grown
in the locality in question.

Labor input as measured by the number of men

involved in the farming operation.

Productive man work units (P.i.#.U.) measure

size in terms of the total labor input that
would be required if work on the productive
enterprises were done with the normal effi-
ciency found in the region. This factor re-
quires the estavlishment of normal effi-
ciency before it can be used.

Total annual input when used as a measure of

size includes both fixed and operating expenses.






2. Bfficiency in Cropping System. Factors used to
examine the cropping progrzm may consider
yields, inputs or coxposition of crops.

Fercert of land in a selected crop is an

efiort to show the eifect of zrowing crops
with a higher value rer acre or simply to

denonstrate the effect of some particular

CIrope.

Fertilizer exrpense ver tillable acre is a

measure of crop input.

Soil productivity ratins may also be con-

sidered a measure of crop input as land is
an input in crop production.

Crop value per tillable acre measures the

results of yield difference as well as the
effect of kxind of crop grown.

Crop yield index has been developed to fur-

nish a comparison of crop yields between
aifferent farms. The index is basically
the relaticn of the welinted average orf
the crop yields on a yiven farm to the
weighted averaze of the crop yields for
all farms in a given locality or samrple.

3. Livestock Zfficiency. The livestock program may

be examined in terms of effect of physical output

oy



and/or input, marketing efficiency, enterprise
combination or any coxbiration of the three.

Returns per $100 feed fed reflects the de-

gree to which livestock is marketed to ad-
vantage, the efficiency of physical produc-
tion, and the dezree to which a profitable
coribination of enterprises has been attained.

Value of animal product is used to reflect

both marketinj; and physical efficiency as it
is in essence price times output.

quantity of animal produvct is a measure of

physical output and may be reported as pounds
of milk, number of ezzs, or rate of gain.
Feed fed may be reported as feed used to pro-
duce a unit of livestock product, kind or
quality of feed, or simply a measure of
total nutrient intake.
4, Labor Efficiency. The productivity of labor is
ordinarily measured by relating it to the guan-
tity of either land, livestock, or both.

Crop acres per man is most commonly used

where the kinds of crops grown in the stud-
ied locality are reasonably uniform.

Livestock production per man has been used

in such a manner as to relate the man to



either the value of livestock output, live-
stock numbers, or output in terms of physi-
cal quantity for a particular class of live-
stock.

wWork units per man is designed to reflect

the influence of both crops and livestock as
it is calculated by dividing the number of
productive man work units by the number of
men.,

5. Méchinefy Zconomy.

lachinery cost per crop acre is designed to

get at the effect of machinery expenditures.
This factor is computed by dividing the total
annual cost of power and crop equipment, in-
cluding repairs, fuel, depreciation, and
equipment suprlies, by the number of crop
acres.
6. Cost Ratios. Such ratios are sometimes used when

working with a restricted type of farming within

a limited locality to determine whether costs

are high or low.

Costs per acre is a factor used to study to-

tal cost or in some instances a particular
type of expense such as veterinary expenses.

Operating ratio is the percentage which oper-

ating expenses absorb out of the gross incomxe,



and 1s designed to show the propcrtion of
total income used in hiring labor, buying
feeds, fuel, and supplies, and in keeping
equipment in operation. It is computed by
dividirng total operating expenses by gross
income and expressed as a percentaze or
ratio.
7. Capital Ratios. Ratios involving capital have
beeh developed in an effort to zet at the effects
of capital balance.

Capital per $100 cross income is intended to

show how much capital is required to yield
$100 of total income.

Capital per man was developed to express re-

source combination.

8. Enterprise Selection. The farm management fac-
tors included under this category are those indi-
cating the degree of intensity and conversely the
extent of diversification.

Proportion of income from a single enterprise

is designed to show the importance of any one

selected enterprise.

Fercent income from livestock indicates the
relative importarnce of livestock in the farm-

ing operation for the locality in question.

——
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Diversity index as exemplified by a simple

index which shows the number of enterprises
that contribute more than 10 percent of the
gross incomne.

Black et al. (2) divided farm management factors
into five categories as follows:

l. Size of farm business.

2. Balance and diversity of enterprises.

3. Index of crop yields.

4, Returns per $100 of feed fed to livestock.

5. Efficiency factors.

These workers placed factors dealing with enterprise combi-
nation as well as percent of a given crop under balance and
diversity of enterprise. ZEfficiency factors were considered
to be all output-input ratios as well as simple ratios be-
tween inputs such as crop acres per man.

It is soon realized in observing this list of farm
management factors and their descriptions that one of sev-
eral factors may be chosen to measure any given character-
istic of the farm operation. This was demonstrated by
Kyle (11) in comparing three measures of size of business
with other farm management factors. Records from 599
Indiana farms for the year 1950 were used to establish the
correlation between total capital investment, P.l.7.U.,

and tillable acres and five other farm management factors
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as well as net farm income.l The author concluded that

for the Indiana farms studied total capital investment was
the better measure of size and reduced the variation in

the other farm management factors and net farm income more
than did the other two measures of size. Productive man
work units apreared to be the poorest measure of size.

The sample observed in this study was drawn from the entire
state of Indiana and was representative of varying soil and
climatic conditions zs well as different kinds of farming
operations. It appears that in this study total capital
investment did the better job of serving as a common denomi-
nator and describing the effects of size for all the farms
involved.

In a study reported by Kisner (12) in 1927, however,
seven measures of size were studied using tabular analysis
as the analytical tool. ‘hen records for 755 farms in
Tompkins County, New York, were used to show the associ-
ation of these measures of size with labor income, it was
observed that a small change in P.M.W¥.U. was accompanied

by a greater change in labor income than with any of the

lGross income is defined as total cash income + in-
ventory change. Net income is defined as gross income -
total cash expenses. DNet farm income is defined as net
income - value of family labor. Labor income is defined
as net farm income - interest on investment at 5 percent.
Management income is defined as labor income - value of
operators labor.
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other measures of size. The number of dairy cows per farm
approached F.l.wW.U. in this respect. It should be noted
that this study occurred in 1927, an entirely different era
in time, and over a smaller locality with more uniformity
in type of farm as well as in soil and climatic conditions

than that reported by Kyle.

Association Between Farm Incomes and

Farm lNanazement Factors

In 1924 Case and liosher of Illinois (5) examined
farm accounts kept by 19 Woodford County farmers. Farms
were divided on the basis of the seven high and seven low
for each of the five factors examined. The average manage-
ment income was computed for each high and low group, and
the difference between the two groups was felt to be indica-
tive of the effect of the factor on management income.
Crop index, an index of the yields of corn, oats, and
wheat, and expense per $100 gross income resulted in differ-
ences in management income of over $2,000 whereas results
from $100 invested in productive livestockl furnished a
difference of only $1,600. The difference in management
income between the hizh and low groups was less than $1,000
when the remaining two farm management factors, crop acres

worked per man and crop acres worked per horse, were

lProductive livestock was all livestock excerpt
horses and mules.
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examined., This particular study lacked the size of samrle

or the refinement of analysis to allow very much inference

regarding the results. It did, however, represent a pi-

oneer attempt at analyzinz the farming operaticn by the
use of farm manageuent factors. The authors felt tnat

the study had additiornal velue in pointing out that the

farm which does fairly well in most of the factors stu-
di1 ed was more likely to be a profitabdle operation than the

farm that excells in one or two factors and does poorly in

others.

New York workers (18) were amons the first to make

use of farm manazenent factors. This early work culmin-

ated in the Tompkins County faru ranasewent survey in 1927
in which the relationship of a larze number of factors to

returns were studied. Sample size in this study as reported

by Iisner (12) was 755 farms. A total of 29 farm manageument

factors was examined by tabular analysis, and for each of
the factors the farms were divided into three groups, with
the groups being reported by tneir class limits. The labor
income reported was the average for each proup. The rela-

tionships of the wore meaningful farm management factors to

labor income are shown in Table 1. The tabulations as pre-

sented point out several things to be considered. The
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Table 1

Relationship of Various Farm llanagement Factors to Labor
Inconme, 755 Farms, Tompkins County, New York, 1927.1

Productive Number Total
Man #Work Labor of Labor Carital Labor
Units Income Cows Income Investment Incone
- =19 w -12 - -5 $ 93 - -%7,0C0 % 91
196 - 314 167 5-9 175 % 7,000-30,000 245
315 - - 572 10 - - 632 %11,000 - - 423
Percent of
Acres Receipts
of Labor l.an Labvor from Labor
Crop Income Eguivalent Income Livestock Incone
- =50 L1le2 - =-1.2 %239 - =59 »lco
50 - 79 238 l.2 - 1.0 296 60 - 89 330
80 - - 555 1.7 - = 207 20 - - 224
Percent of Fercent of
Cattle Receipts Pounds of
Units Labor from Labor Milk Sold Labor
Heifers Ircone Crop Incone Per Cow Income
1 - 10 $302 1 - 15 ¥359 lione ? 91
11 - 20 256 16 - 35 316 - =5,500 105
20 - - 348 26 - - 283 5,500- - 731
Value of
Dairy
Products Labor Crop Labor P.l.W.U. Labor
Per Cow Income Index Income Fer Nan Income
None » © - - 90 » 57 - =190 $=-129
$ 1 -3 79 -4 % - 114 272 150 - 209 178
80 - 139 150 115 - - 597 210 - - o41
140 - - 6385
Percent of
Acres of Receipts Acres of
Crop Labor Spent Labor Crops Per Labor
Per VMan Income for Labor Income Animal Unit Income
- =31 $142 - =40 »396 - -4 »469
31 - 45 190 46 - 75 180 4 - 5 222
4o - = 374 70 - - -242 6 - - 79

lisner, E. G. Thirty tears of Farming in Tompkins
County, New York. DNew York Azr. Expt. Sta., Bull. 7/82.
1042.
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marked difference between the make up of farus in the era
under which the study was made and the present era becomes
most obvious as factors such as the number of cows, total
capital investment, acres of crop, and value and pounds

of milk are examined. Another point which comes to light
in observing the data is the failure of the author to pre-
sent the number of farms in each of the groups under the
various farm management factors. This lack of information
makes 1t impossible to attach any real meaning to the
analysis. At the saue time the work does represent a
pioneer study and certain inferences can be drawn from it
regardinzg factors of importance in farming for the time
and locality in question.

Several of the farm nmanagexent factors have a range
in labor income between the low and hizgh grours of over
$580, these being P.M.#W.U., milk sold rer cow, value of
dairy products per cow, and P. M. W. U. per man. In addi-
tion crop index and number of cows have a $540 difference
between the low and high groups. The factors mentioned
above are either measures of size of business, labor effi-
ciency, or yield factors. Further examiration of the fac-
tors reveals little difference between groups for factors
which measure enterprise combinations. Percent of re-
ceipts from livestock and percent of crops are examples of

this type of farm management factors. The greatest

-,
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difference for any factor is that shown for percent of re-
ceipts spent for labor. The difference of $1,133 coupled
with the observation that man equivalent was associated
with no consistent difference in labor income might well
lead to the conclusion that under Tompkins County condi-
tions in 1927 moving to a two-man farm was of little
value in increasing labor income, particularly if this
move involved hiring labor.

Wwarren (18), in discussing the Tompkins County sur-
vey, states that while the results obtained may not have
the mathematical precision reguired by the laboratory
technician, they are sufficiently accurate to lead to ac-
curate conclusions. In proceedin~ with the discussion,
he attributes the discovery of the principles of size of
business, crop yield, and production per animal to the
Tompkins County survey.

Hopkins (7) made use of 323 Iowa Farm Business
Records in 1927 and 4320 in 1928 in an effort to discover
what relationship exists between some of the more common
farm manazemernt factors and the net farm incomes under
Jowa conditions. An increase in acres in corn was asso-
ciated with a corresponding decrease in net farm income up
to about 40 acres in corn at which point net farm income
increased and followed the increase in acres. Increase in

yield of corn from 20 to 50 bushels was associated with an
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increase of income of only about %6C0O, while an increase
in yield from 50 to 70 bushels resultsd in about $1,100
rore income., Size of the hog enterprise as measured by
the number of sows exhibited diminishing returns in that
net farm income rises to 40 sows and then decreases. The
author observed that more than 40 sows were in excess of
what one man could handle and that the same care for the
sows was not forthcoming beyond this point. Percent re-
ceipts from livestock as well as equipment expense per
crop acre contributed very little to the analysis. An
increase in net farm income accompanied an increase in re-
turns per $100 feed to approximately $200 returns per $100
of feed, then leveled off and decreased. It was stated
that this decrease was due to expenses other than feed
increasing. +hen percent of expense to income was treated
as a farm management factor and compared to returns, it was
observed that net farm income increased as expense in-
creased for a very short rance and then decreased rapidly
with an increase in expense. Jhen increases in either
months of labor or crop acres per man were associated with
net farm income, income was found to increase at a decreas-
ing rate.

Net farm incoues were estimated for the /5% farms
included in the study. When the estimated net farm incomes

were correlated with the actual incomes, a correlation
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coefficient of +.85 was optained from the 1927 figures and
+.83 for 1928. The standard deviation of tie differences
between the actual and the estimated net farm incomes was
reduced 46% in 1927 and 44% in 128, The author does rot
give the method used to make the estimztions of net farm
income.

Schrumpf (15), in studying potato farms in arocostook
County, liaine, found the relationship of size of business,
as measured by busnels of potatoes per acre, to be positive
in a year of relative prosperity, but negative in 1928 and
1920 when most farmers sustained losses. In 1928, 9&j% of
the farms nraving less than 25 acres of potatoes nad labor
incomes larger than tne averaze oI all farms. In compari-
son, only 5% of tne farms unaving 5% or more acres of pota-
toes per farm returned larger than average labor incomes.
In 1929, a year of proiit, only %% of the farms having less
than 25 acres of potatoes per farm had a labor incorne
exceeding the average of all farms. Of the farms witna 53
or more acres, 86% had larzer than average labor incomes.
This study over the three-year period, 1928 taroush 1930,
was based on information collected bty personal interviews
Wwith 165 farmers. The study also found the yield rate of
Potatoes to be significantly related to labor income. In-
Creased yield of potatoes per acre w:s associated with de-

Creased losses in the unprofitable years and increased
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gains in the profitable year. There was no significaent
relationship between size of business and yield. 4 nega-
tive correlation was observed between investment in potato
machinery per acre and labor income. Small farms had a
larger machinery investment per acre than larze farms.
The difference in crop yields had more to do with
placing farms in the different income grours than any
other one fagtor in an examination of farm manazement
factors by lLosher and Case (13). The 57 Illinois farus
studied in 1937 were sorted on the basis of crop yields,
and 1t was observed that the 19 farms in the high group
received $484 more labor income than the 19 farms in the
low group. Second only to crop yields was the efficiency
of livestock.l The hisgh one-third of the farms with re-
spect to livestock efficiency received a labor income %389
above the lowest third. Wwhen the value of feed fed per
acre was tabulated on the same basis as the two farm man-
agement factors above, 1t was accompanied by a difference
of $176 in labor income in favor of the high group. In
addition to examining the effects of the farm management
factors on labor income, the authors also studied the ef-

fects of several factors on returns for feed fed to dairy

llEfficiency of livestock was defined by the authors

as a percentage figure which measures the returns for feed
fed weighted according to the amount fed to each kind of
livestock,
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herds. It was found that such returns were influenced
about equally by the proportion of the herds consisting
of cows being milked and the amount of milk produced per
cow. Herds were grouped so that the high group consisted
of 14 herds in which 71.1% of all cattle were milked and
which produced an averaze of 8,815 pounds of milk per cow,
while the low group consisted of 14 herds in which only
43,5% of the cattle were cows being milked and which produced
an average of only 6,107 pounds of milk per cow. Average
returns for the high and low groups were $168 and $107 per
$100 worth of feed fed, respectively. The authors failed
to define the term percent of all cattle being milked.
Thibodeaux et al. (17), in reporting on a study of
farm organization in the cotton area of Texas, stated that
six major farm management factors accounted for approxi-
mately 63% of the variations in labor income on the 137
farms studied during the two-year period, 1931-19%2. The
approximate effect of each factor on labor income also was
determined while simultaneously elininating; any variations
in earnings caused by the other five factors studied. On
the basis of the relative importance of their effects on
farm earning, the factors were classed in the following
order: (1) Yield of cotton per acre; (2) percentage of
farm land in cotton; (3) returns per %100 of feed fed to

produce livestock; (4) productive man work days per man;
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(5) size of farm; and (6) number of animal units per 100
acres of farm land.

Czarowitz and Bonnen (6), in followins up the ear-
lier Texas work (17), reported that in the rolling plains
grea of Texas three factors accounted for 40)% of the vari-
étions in net farm incomes. Crop yield was reported to
account for 21%, acres of crop land for 15%, and percentagze
‘of crop land in cotton for 4 of the variation in net farm
income. This study was conducted in 1935 with a sample
size of 200 farms.

The importance of several farm management factors
was studied under the conditions of northwestern Indiana
by Robertson (14). The study was of 10 years duration,
1929 throuzgh 19323, and was based on the financial records
of 50 farms. Zfficiency in handling livestock was the most
important single factor causing differences in labor in-
comes among farms. For the 1l0-year average, the hishest
one-third of the farms in livestock efficiency had a labor
income %974 above the lowest one-third. Robertson stated
that livestock efficiency was lar_ely the result of produc-
tion per animal, price of livestock products, and economy
of feedinj. ©FNo mention was made, however, regarding the
method of construction of the livestock efficiency index
used. The importance of crop yields approached that of

livestock efficiency. As the average for crop yield index
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moved from /5 to 126 labor income wmoved from $276 to $1,192

a difference of approximately %$900. A positive correlation

was observed between crop yields and both livestock per

tillable acre and fertilizer expense.

The author reported that large farms hed hisher
labor incomes than sumall farms, but that the large farms
which were not well managed were the ones with the greatest

During the depression years there was a nezative

losses.
It was stated the

correlation between size and incomne.
advantaze of size was the greater economy in labor, power,

and machinery. The basis for this statement was that the
farms with the lowest costs for these items per crop acre
were larger in size than the other farms. Labor efficiency

measured in terms of P.I.W/.U. per man ranged from less than
100 to more than 500, and was correlated with size of farms,

differences in equipment, scasonal distribution of labor,

intensity of operation, and physical and manazerial abil-
ity. when tabulated on the basis of F.hM.dJ.U. prer man, the
hizh one-third showed an average labor income $450 greater

than the low one-third.
A number of farm manasement factors affecting

Michigan farms were studied by +Jright (20) in a study period

of 1933 throush 1938 involving 1,016 farm record years.

lI?arm record years are defined as each farm involved
in the study times the number of years that farm is included.
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The effect of the croppin; system was studied by several
farm management factors. Farms were divided into three
classes of soil productivity and it was observed that as
soil productivity increased crop index and labor income

The study showed that as the percent of cash

increased.
crops on the better land increased labor income increased,

but that the reverse of this is true on the poorer land;
that a hizher percent of hizgh value crops increased labor
income; and that hish yields were essential to high labor

income. Livestock influerce on labor ircome was examined
by use of the farm managerent factors of dairy sales per

An

farm and productive animal units per tillable acre.
thece factors was associated

increase of either one of
with an increase in labor income.
Size of business was examined by two factors. The
first of these two size factors, number of cows, showed
that the averase labor income increased from 538 to

$1,206 as the number of cows increased from 6.4 for the
The effect of the

low group to 17.3 for the high group.
other size factor, number of tillable acres, is shown in
This two-way tabular analysis in which the farms

Table 2.

are divided by size and intensity shows the interrelation-

ships of some of the problems involved when a sort is made

on one or even two farm management factors and then all
It is

changes in income are attributed to these factors.
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to be observed that as intensity in the form of P.l.w.U.

per tillable acre increased labor efficierncy, shown by

P.Ul.V.U. per man, also increased for both the large and

Table 2

Association of Labor Income and Several Farm lManagement
Factors wWith Size and Intensity of Farming Operation.

1016 Farm Record Years on Selected Kichi_an Farms,
1933-19381

P.M.W.U.
per Number P.li.W.U. Crop Value Productive
Till. of Tillable per per A.U. per Labor
Acre Farns Acres Ilan Till, Acre 10 T.A. Income
(Small Farms--130 acre average)
2.6 85 107 200 $13.26 1.5 $392
3.5 211 %6 221 14.24 1.9 535
4.9 308 82 254 16.67 2.6 751
(Large Farms--260 acre average)
2.4 162 101 231 $12.80 1.6 $688
3.4 167 179 262 14.54 2.2 1,096
4.6 83 172 281 18.%4 2.7 1,585
1

Wright, K. T. Dollars and Sense in Farming.
University Farm Management Publ., Special Bull. 324.

Michigan State
1941.

small farms. Crop value per tillable and productive ani-

mal units per 10 tillable acres also follow the increase

in intensity in both size grourps.

with such correlation

between factors, the job of attributinz causation becomes
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extremnely difficult, if not impossible, with this type of
analysis. The author points out that farmers with small
businesses, less than 300 P.l.#W.U., had less than one
chance in 100 to make a labor income of #2,000, whereas
farmers with large businesses, 900 P.L.W.U., had 35 chances
in 100 of making a $2,000 labor income.

In studying Indiana farm accounting procedures,
Kyle (11) analyzed farm records by several systems to dis-
cover significant relationships of various farm manazeuent
factors with measures of success of the farm business.
The years studied were 1230 through 1934 and 1546 through
1950. All the farm records sumnxarized as a part of the
Indiana farm record project for these years were used in
the study, a total of 6,562 individual farm records. The
methods of analysis used were tabular, paired sample,l and
linear correlation analysis. When the relationships of
size to net farm income and to labor income were examined
by grouping accordinz to tillable acres, a positive rela-

tion was shown with the measures of success in 8 of 10

lThe method of analysis by paired sample analysis
was to first rank all records on one factor such as size.
Then each successive pair was split into a low and high
half on another factor such as P.M.W.U. per man. The
merit of the method over standard tabular was stated to
be that interrelationship of variables was reduced.
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years. In 1931 and 1932 tnere was a negative relaticnship.
Size was shown to have a more pronounced effect in the hizh
income period 1946 throuzh 1950 than during 1930 throuch
1934, ©Paired sample analysis demonstrated a difference of
approximately 4,000 in 1948, $2,000 in 1949, and $6,000
in‘l950 as farms were divided on either tillable acres or
P.M.W.U., Net farm income was treated as ‘the dependent
variable and each of five measures of size as the independ-
ent variable with simple correlation. Total capital in-
vestment accounted for 66% of the variation in net farm
income, and with each additional $1,000 in investment net
farm income increased $161.95., The number of tillable acres
accounted for 56% of thne variation in net farm incomne,
while number of sows farrowing and total pigs weaned ac-
counted for 45 and 44 percent, respectively. P.L.JV.U. ac-
counted for only 37% of the variation in net farm incone
and was considered to be a poor measure of size in this
study.

The function of livestock intensity in the farming
operation was studied with the farm management factor, feed
fed per tillable acre. Tabular and paired sample analysis
showed little relationship between the factor and net farm
income. The multiple linear correlation of tillable acres
and feed fed per tillable acre with net farm income re-

vealed a correlation coefficient of 0.59. Tillable acres

wanaahar
=

T
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alone had a coefficient of 0.55. PF.L.W.U. per man, till-
able acres in corn, and crop yield index each exhibited a
positive effect on net farm income when analyzed by either
tabular or paired sample analysis. The addition of any
one of the three factors as a second indevendent variable
of a multiple correlation analysis with tillable acres as
the other independent variable raised the multiple corre-
lation coefficient from 0.55 to approximately 0.60.

A multirle linear correlation analysis was under-
taken with net farm income and five farm management fac-
tors. A multiple correlation coefficient of .66 was ob-
tained and the following prediction was developed: Xl =
+ 25.6% X

45,65 X2 + 80.72 X, + 9.77 X4 + 117.82 X

3 > 7

- 14,971.56. The variables in the eguation were listed as:
Xl = net farm income; X2 = tillable acres; X5 = crop yield
index; X, = P.M.W.U./man; X5 = percent tillable acres in
corn; and X7 = feed fed/tillable acres. The partial cor-
relation coefficients were computed for each of the above
variables to determine the relationship of each with net
farm income while eliminatin.: the effects of the other four
variables. The coefficients are as follows: tillable
acres = .70067; crop yield index = .2951; P.M.W.U. rer man =
.1796; percent tillable acres in corn = .2389; and feed

fed per tillable acre = .1430.
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Association of nine farm management factors and
labor income was studied by Wilkes (19) using 1952 data
from 124 South Central kichican farms. The mean labor
income for the farms involved was $3,590 with a standard
deviation of %3,098. Three measures of size were used:
P.M.7.U., tillable acres, and number of cows. The author
stated that of these three only P.ll.W.U. proved reliable
in estimating labor income. The correlation coefficient
indicated that changes in F.li.W.U. were associated with
only 25% of the variation in labor income. The author
further stated that for the purpose of estimating either
the level of or change in lavbor incoune, the three farm
managerent factors dealing with size were poor, with the
exception of P.l..J.U. which had some value.

The simple correlation coefficients were referred
to as the percent of explained variation in incone asso-
ciated with each of the six remaining farm manazement fac-
tors and were as follows: Income per $1l00 expense = 74.0%;
livestock income per tillable acre = 17.5%; P.M.wW.U. per

man = 16.4%; dairy sales per cow = 14.9%; crop yield in-

dex = 8.4%; and tillable acres per animal unit = 0.1%.

Since changes in the level of the farm management factors
are often advocated as a means of increasing incomes, the
efficiency with which changes in labor income can be pre-
dicted from changes in these measures was investigated.

Estimating changes in labor income from changes in income
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per $100 of expense proved to be effective, the recression
coefficient being $93.04 with a standard error of $5.02.
The regression coefficients for the other efficiency
measures also had low stardard errors.

Kanagemnent factors influencing the percent return
on capital investment for 39 Los Angeles County coummercial
dairies were studied by Albright (1).  The dairies studied
purchased all or most of their herd replacements, ranged
in herd size from 141 to 659 cows, handled an average of
63 cows per man, and had an investment per cow figure rang-
ing from #663% to #$1,0640. The production levels of the
herds varied from 11,619 pounds of milk and %91 pounds of
fat to 15,89% pounds of milk and 547 pounas of fat, with
an average yearly concentrate consumption of 5,620 pounds
per cow. Standard partial regression coefficients were
calculated on a within-year basis for the data compiled
from 1956 through 1960. The most important managewnent
factor for the study was production cost on a per cow
basis. Feed costs, roughace and concentrate, were signifi-
cant at the .05 level of probability 3 out of the 5 years
studied; labor costs 2 out of 5 years; and the cost of
herd replacements and operating costs were significcnt 5
out of 5 years studied. ZFrices received for butterfat and
the pounds of butterfat produced were significant at the

.05 level of probability 4 out of the 5 years studied.

T
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The farm management factors of cows per man, hours per cow,
percent cows dry, milk produced per cow, cullins rate, in-
vestment per cow, feedinz efficiency, number of cows per
herd, prices raid for hay and concentrate, and interest on
assets failed to show a sigrificant relationship at the

.05 level of probability.

Mumerous farm record projects are carried on under
the direction of the various agricultural economics depart-
ments of land grant institutions in the United States. In
some instances these results are suumarized and the suwinary
published as a part of the program which serves as an edu-
caticnal tool, a research program, and an in-service train-
ing situation for the persornel involved. The published
report tends to be descriptive in scope, however, as its
prime purpose is to point out to farmers some of the items
which will be of interest and of aid to them. ZIZxamples of
such reports are the 1962 Summary of Illinois Farm Busi-
ness Records (16), which reports on all types of farming
and is general in nature, and the report Dairy Farming
Today--Southern Michigan (9), which has been restricted to
one type of farming and in a restricted area.

Kelsey and Brown (9), in reportinz on Southern
Michigan dairying, divided the 234 dairy farms into three
sroups according to total investument. Within each of the

size groups, the farms were divided into two groups on the
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basis of gross income per $100 total cost. The average of
the farms in the high income-cost ratio group had more
cows, tillable acres, and gross income than the low income-
cost ratio group. The authors noted that there did not
aprear to be any consistent differences in total invest-
ment and tillable acres per man, but gross income and
number of cows per man were greater for the groups with
over $100 income per $1CO exvense. The well-balanced

farms achieved higher production per cow and consequently
higher product sales per cow. It was felt that the fact
that labor income increased on well-balanced farms as size
increased and that it decreased on poorly balanced farms as
size increased was of particular significance.

This tyre of descriptive analysis as used by farm
management workers is of particular benefit in working
with dairymen but does not lend itself to such a study as
this one.

The number one thing derived from this review of
farm management factors is the difference resulting from
various kinds of farms, localities, and periods of time in
which the studies were undertaken. The relative importance
of most any farm management factor studied has been de-
pendent upon type of farms studied, date at which the in-
formation was collected and the locality from which the

farms were drawn.

"
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It is felt that a study involving Kichigan dairy
farms operating under current conditions can be of particu-
lar significance to the Michigan dairy industry by deter-
mining the relative importance of the various farm manaze-
ment factors in the profitable dairy farm operation. 1I%,
likewise, 1s not out of .1line to assume that these relation-
ships will be of-‘sone me¥it in localities where daifying
is practiced'in a similar manner to that practiced in

Michigan.




EXFPASRINANTAL FROCZDURE

I. Acquisition and Development of the Sample

The development of high speed computers capable of
interpretin_ and processing large masses of data has
opened the way for centralization in the processing of
farm record programs. A movement has been made from
dispersed centers using hand computation methods to a
central location where hizh speed handling and computing
equipment can be utilized. This shift has been coupled
with a growth in the breadth and depth of data being sum-
marized, analyzed, and returned to the particirating
farmers in the form of usable information. In the process
of hardling and working with these farm records, a large
concentration of information concerning farm operations
has resulted

This study, as mentioned earlier, utilized two such
sources of data: the kichigan Dairy Herd Improveuent As-
sociation records and tiie Michigan Mail-In Farm Record Pro-
ject. Dairy Herd Improvement Association (D.H.I.A.) rec-
ords and Owner-Sampler records are dairy production records
which are processed as a part of the Michigan Dairy Herd Im-

provement Association record system. The D.del.A.-I.B.M.

- 33 -
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records, as the machine tabulated records were first known,
came into general usage for all herds on D.h.l.A. for the
testing year of 1958. The D.d.l.A.-I.B.i. program is a
continuation of the D.H.I.A. records whiich were previously
calculated by the local suzervisor. COCwner-3Sampler records
were first machine tabulated in 1959. The Ilail-In Fro-
Ject is a continuation and up-datin; of the Lichi_ an Farm
Record Froject initiated in 1923. The prozram of farm
financial records started as a pilot project in two coun-
ties as a machine calculaved project in 1955, at which
time the words Mail-In we:ie added to the title and, in
fact, became the working title of the prroject. The suc-
cess of the pilot project led to the conversion of the en-
tire progzram to this basis in 1957.

An alphavetical card listing of all cooperators on
the Nail~-In Project was obtained, by county and yecar, for
the years 19583 throuzh 1962. The listing opbtained repre-
sented approximately 1,600 different Michigan farmers
for the year 1958 and 1,200 farmers for each year after
that. A listing according to farm number, and county, was
obtained for all herds completin; a testing year on
D.H.I.A. for any year durinzg the 5-year period. The years
completed, along with name and address were on this list.
Approximately 2,000 herds were included each year on the

D.H.I.A. listing. It was not possible to obvain a listing
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of herds on Owner-Sampler testing; and it was therefore
necessary to go to copies of monthly reports to find the
herds that had completed any of the years studied. Herd
numbers on Cwner-Sampler testing ranzed from 800 in 1959
to 1,275 in 1962.

The two systewms of records both orerate by assiign-
ing a farm or herd number to each cooperator. Numbers as-
signed are permanent and are removed from circulation
should the cooperator leave the project. The assigned
numbers, however, are not coumon for both sets of records.
It was, therefore, necessary to hand-match the farms which
were'common to both sets of records. Farms were matched
as regards name and address of each cooperator. Any co-

operator which appreared to be The same individual by vir-

tue of the same mailin: address and surname but not identi-

cal in given name was checked by referrinzg to individuals
who were personally acquainted with the cooperator in
question.

A further check to establish that names from one
record were the same as those obtained from the second
record was undertaken later in the study. Data common to
both sets of records were matched to determine any gross
dissimilarities. The following data were found to be com-
mon to both systems: average number of cows, averagze milk

produced per cow as compared to average milk sold per cow,



total milk produced compared to total milk sold, value of
product contrasted to dairy product sales, milk price, and
breed of cattle. Dissimilarities were followed up by
means of personal consultation with individuals acgquainted
with the cooperators. In no instance was a farm discarded
on the basis of difference alone. A total of 448 farms
and 1,404 farm record years was found to be common to
both sets of records. These 1,404 observations were com-
plete as regards all data normally included by either
record system.

The production records, D.H.Il.A. and Cwner-3arpler,
are operated on a testing year which bezins on October 1
and ends on September 50 of the following year, while the
accounting year used under vne lLiail-In project is from
January 1 through December 31 of the same year. In order
for the two sets of records to be comparable they must
cover the same time span. A January to January testing
year was computed for the production records by obtain-
ing the monthly production cards used to calculate the
original annual suumary and then to re-sort and summarize
these cards. The data reported by either type of record
then represents information from the same farms and over
exactly the same preriod of tike.

In the process of shifting the testing year from

an October beginning to a January beginning, the problem
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of bi-monthly tests presented itself. A4s is occasionally
the case with D.H.I.A. and Owner-Sampler records, months
missed by the tester for any one of several reasons are
usually covered by reporting days for a two-month period
on the following month. The month missed is then computed
by using milk weights and fat tests from both the proceed-

ing morth and the following month. Days from the forepart TH
i

e

of the missed ronth are multiplied by milk weicshts from

B

the preceeding montn while days from the latter part of
the missed month by weishts from the following month. In
reporting the information to the herd owner, however, the
values are reported for a two-month period. This necessi-
tated allottin: appropriate values to December and January
for any bi-months reported in January. In addition the
decision had been reached to study the effect of seasonal
milk production on income and this prohibited bi-monthly
reports in August. To furnish greater flexibility in the
use of the production records, all bi-monthly values were
divided and allotted to the two months concerned.

The method of separating bi-monthly values for milk,
fat, feed, and value of product was to divide each value by
the total number of days in the two months and then multi-
ply by the number of days in each month. The exception
to this was in the case of certain feed factors, such as ‘

days on pasture, where it was obvious that the entire value
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given was for one or the other of the two months. A total
of 109 bi-monthly records were divided between the appro-
priate months.

It was desired that the effect of the breed of
cattle on net income as well as its effect on several of
the farm menagement factors to be included in the study
be considered. To study the effect of breed, it was first
necessary to classify the herds in question according to
breed. Both the accounting records and the D.H.I.A. and
Owner-Sampler list the breed of cattle for each cooperator.
D.H.I.A. records, however, are essentlally individual cow
records and furnish much more detalled information on the
make-up of the breed of cattle in the herd. In particular
D.H.I.A. records furnished the breed of any cow in the
herd which had finished a 305-day lactation record. A
study of D.H.I.A. records revealed several features re-
garding herd make-up. In many instances the breed re-
ported for the herd simply designated the breed in the
majority in the herd. It was also noted that the breed
make-up within a herd often changed over a five-year period
but the breed designation for the herd did not always fol-
low this chanze. These two features of breed classifica-
tion, along with the occasional error made as tne informa-
tion was punched into the data cards, made 1t necessary to
devise a more accurate and realistic assignment of breed

of dairy cattle.




Due to a restricticn in numbers it became obvious
that the study should be restricted to the Holstein,
Jersey, and Guernsey breeds. The few cases involving
other breeds were removed from the study. All herds on
D.H.I.A. were then examined in detail and classified ac-
cordinz to breed on the basis of the breed reported for
individual cows within the herd which had completed 305-day
lactations. A herd was accepted as Holstein or Jersey
and/or Guernsey if 90% or more of the 305-day lactation
records were completed by Holstein or Jersey and/or
Guernsey cows, respectively.

It is comazonly accepted that a difference exists
between the Holstein breed and the two smaller breeds in
regard to both pounds of milk produced per cow and per-
cent of milk fat. With this 1n mind, a decision was made
to classify according to breed on the basis of the aver-
age yearly fat test. Classification according to milk
produced per cow was ruled out as level of production was
one of the factors to be analyzed. If milk procduction had
been used as a basis of classification, several high pro-
ducing Jersey-Guernsey herds as well as several low pro-
ducing Holstein herds would have fallen into the catagory
of mixed breeds and consequently would have been discarded
from the study. In this study involving the effect of

Yield on income the extremes are of particular interest.

S p—
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Studies by Wunder (22) indicate a mean fat test for
Michigan Holsteins of 2.66% with a standard deviation of
.40. The average fat test on Guernsey and Jersey records
studied was 4.84 and 5.38%, respectively. The respective
standard deviations were .48 and .51. In studying 8,638
Michizan Holstein records, Burdick (4) found the average
fat test to be 3.65% with a standard deviation of .40.

The finding of these workers indicates that with a
herd size of eight, the smallest in this study, a standard
deviation of .14 and .17 can be expected for the Holstein
and Guernsey breeds, resrectively. It was thus expected
that 99% of the Holstein herds would have an average
yearly test between 3.24 and 4.08%. In a like manner, 9%%
of the Guernsey herds would be expected to have a yearly
milk fat test of between 4.33 and 5.55 percent. It then
follows that any herd having between 4.08 and 4.33 percent
milk fat should be considered as a mixed breed herd.

When the average herd size of 39 cows was used in deter-
mining the standard deviations, the area between 3 stand-
ard deviations in fat test of Holsteins and Guernseys was
from 3,87 to 4.060 percent. IExamination of the fat test
for the herds of known breed which were used in this study
revealed that the test for Holstein herds ranged from
3.20% to 4.25% and that the fat tests for the Jersey-

Guernsey herds ranred from 4.40% to 5.75% milk fat.

P
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All herds with an average yearly milk fat test
which fell between 4.23 ard 4.52% were considered as mixed
herds and excluaed for this study. The basis for this
exclusion was the studies of the above authors (4,21)
coupled with obszrvation of fat tests frowm herds waich
were a part of this study and for which the breed make-up
was known. As a result of breed classification, 21 dif-
ferent herds and 86 farm record years were excluded from
this study. This number includes both the herds rejected
as minor breeds as well as those rejected for being a
mixed herd.

Previous studies have demonstrated the necessity

of unifyins type of farm in such a study as this one. To

obtain this uniformity, the farms were classified by source

of income. The percents of crop, dairy, beef, swine,
poultry, and off-farm incomes were computed by dividing
gross income into tlat portion of gross income derived
from each of the above mentioned sources. Dairy farms
were considered to be those from which 70% or more of the
gross income was derived from the dairy enterprise, either
through sale of dairy products or dairy animals. TFarms on
which less than 70% of the zross income was derived from
dairy and with only one other major source of income were
classified as dairy-crop, dairy-beecf, dairy-swine, or
dairy-poultry farms. General farms were those with

several sources of incoie, none of which served to
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contribute a majority of the income. FPart-time farms were
those with 207 or more of the gross income derived from
off-farm sources. A total of 540 farwms with 1,041 farm

record years were classified as dairy farms.

ITI. Selection 2and Development of

Farm llanasenent Factors '

The premise that the incore derived from a dairy
farm operation is the ultimate concern of the dairymean in
his role as manager of thzat business has been accepted as
a part of this paper. The assumnrtion has been made that
the manager desires to maximize his net income and that
his success as a manager may be measured by his ability to
do so. The measure of success used 1n this study was net
income. Net income may be defined as gross incoie minus
gross expense plus or minus the change in inventory.

This value was computed in the liail-In Account records by
summing net cash income and inventory change, where net
cash income was equal to total cash receipts minus total
cash expense.

Alternate choices as measures to reflect the degree
of success were net farm income, which deducts a charge
for family labor, and labor income, which places a charge
on both family labor and capital investment. Net income

was selected for its capacity to reflect the earning
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ability of the farm as a business unit, and because of the
fact that net income is a more familiar term that is much
more readily understood outside of the field of agricul-
tural economics than either of the other two measures of
income.

Several measures of size of business were consid-
ered and the followinz were accepted: total investment,
tillable acres, number of cows, and number of men. The
total investment figure used was the average of the begin-
ning and ending total investment for the year in question.
The total farm irnvestment was considered to be the inven-
tory value of land, buildin;s other than the farm dwelling,
machinery, livestock, supplies, and feed on hand on Janu-
ary l. Values used for machinery and buildings were based
on the cost less the depreciation claimed for income tax. A/
Land was prriced on a bare land basis and represented a
conservative marxet value for the particular land in ques-
tion. Livestock values were estimates based on current
livestock prices with purchased animals valued at their
purchase price. Feed and surplies were represented by
market costs. It should be understood that the investment
figures used were those reported by cooperating farmers
and the only computation needed to prepare the factor for
this study was to change the beginning total investment to

an average figure. The calculation of average total

==
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investment consisted of summing beginning total investuent
arnd ending total investnent and dividing by two.

The selection of total investment as one of the
farm management factors was as a conseguence of the ability
of the factor to measure size across differences in enter-
prise organization, land quality, and machinery input. An
investment figure makes ure of the dollar as a common de-
nominator to reduce all inputs so that they may be swumed.

The acceptance of only those farms that received 70%
of their income from the dairy enterprise would lead one to
expect that any factor directly related to this enterprise
would have a marxed influence on returns. The number of
dairy cows was then chosen for its exrected ability to re-
flect the effect of size on a study in which all farms are
dairy farms. Cow numbers were also considered important as
a factor because of the emphasis currently placed on herd
size by workers in the field of farm management and because
of the continuing trend to larger herds.

The production records were accepted over the kail-
In records as the source of cow numbers because of a more
systematic method of determining numbers. The number of
cows was calculated as the number of cow days for the year
divided by the number of days in the year, where a cow-day
was equal to one cow in the herd for one day. Cow days are

counted on all animals which have freshened but which are
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now dry as well as all cows in milk. Cow numbers used in
the kail-In records were those reported by the dairymen.
Cooperators in the lail-In project are advised to report
the number arrived at throuch the use of D.H.I.A. and
Owner-Sanmpler records whenever possible.

The number of tillable acres was used as another
measure of size, in tiat acres are indicative of the size
of the crop or feed enterprise. The inherent productivity
is not the same on all tillable acres, but land does rep-
resent the first physical input in a system of farming
wnich used dairy animals as the rrime market for crops
produced. Included under tillable acres was land in har-
vested crops, tillable pasture, land devoted to crops that
failed, tillable land reserved for government prosrams
and idle tillable land. The use of total acres was re-
jected due to the large amount of unproductive land included
in such a figure and because of the unequal percentage of
this unproductive land between different farms.

The number of men was used in an effort to obtain
a factor reflecting the total labor input of the farms
studied and the effect of labor input on returns. The
source was the Nail-In records and was calculated as a
part of these records by summing the number of months of

operators labor, hired labor, and family labor then di-

viding by 12.
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Other measures of size were considered unsatisfac-
tory for this study. A productive man work unit or produc-
tive day of work represents the accomplishments of a man
working at average efficiency for a 10-hour day. The
P.M.W.U. on a farm is the estimated total nuuber of 10-
hour days of work required to care for the amocunt of
crops and livestock kept. This farm managenent factor
was a part of the information reported by the Liail-In
project until 1961 at which time it was discontinued. The
computation of P.Ll.#.U. for 1961 and 1962 was not under-
taken as a part of this study. In the mechanization of
agriculture, the values previously used for the calcula=-
tion of P.L.W.U. have become unrealistic. Determination
of values reflecting the organization of present day agri-
culture was beyond the scope of this study.

The same logic which prevented the use of P.I.W.U.
also prevented the use of total animal units as a measure
of size.

Returns resulting from cropping practices can be
expected to be affected by crop yields, type of crop grown,
brices received, land use, and crop disposal. Crop value
per tillable acre was a factor obtained directly from the
Mail-In records. The factor was computed as a part of
those records by dividing total crop value by the number

of tillable acres. Total crop value was obtained by

-
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multiplying crop production by November prices. These
prices are reported in the appendix. Crop value per till-
able acre reflects crop yields, the market situation, rela-
tive value of crops grown, and land use. The major weak-
ness of the factor was considered to be the larze number

of factors influencing it. It was felt that a number of
farm management factors studying the effect of the crop-
ping system on income mizht well be advantageous.

To establish the effect of level of crop yields on
income, an index showing the relative productiveness of
crops was computed. This crop yield index was calculezted
for the 1,318 farm record years that were a part of this
study after the farms had been classified according to
breed. The steps in the computation of such an index were
as follows: (1) Determination of the averaze yield of
each crop across all farms in the study, by year; (2) the
acre index for each crop on each farm computed by dividing
crop production per crop by averaze yield for that crop;
(3) sum all acre index values per farm; (4) divide total
acre index by total acres on the farm used to compute the
index; and (5) multiply by 100. These computations may be

algebraically expressed as follows:

"
Crop yield index = 2 (i . a,)

T 1

= i
N

2 g

. [}
(33}

x 100
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Where y

the yield on a "ziven" farm

Y

the averaze yield of the farrs used as a base of
couparison

1 = the "ith" crop

a = acres on the "given" farm

Crop yield index was an expression of averase crop

yields on a weighted basis.
The disténce above or below a crop yield index of 100 that
a particular farm mey be was indicative of level of produc-
tion of crops on that farm. Values above 100 indicated
production superior to the production of the averase farm.
Crop acre value was designed to account for the vari-

ations in crop value per tillapnle acre resultianz from the
kind of crops grown. It was realized that some crors are
relatively higher in value than others. Value constants
were developed to reflect this difference in value between
crops. The value constant for any crop is the Noveuwber
price for that crop times the average yizld of tne crop
for all t.e farms in the study. In calculatinz the crop
acre value for an individual farm the number of acres for
each crop grown was multirlied by its resrective value con-
stant. The products of acres times value constants were
then summed and divided by the total nuaber of acres used
to produce these crops. The resulting cuotient was the
crop acre value. Crop acre value differs from crop value

per tillable acre in that the effect of yield and degzree of
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land utilization have been removed. The removal of the
yield eifect was accomplished when the November price for
each crop was multiplied by average yield for the crop
rather than by the actual yield. Tne effect of land utili-
zation was removed by dividin:z by the total acres in crop
rather than by total tillable acres. Ain algebraic expres-
sion of tie factor is as follows:

[ ]

£ (Y - By) .2y

g

the average yield of the farms used as a base

Crop acre value =

where Y

of comparison
P = the November rrice
i = the "ith" crop
a = the acres on a "given" farm
The inherent productivity of the soil nas been ac-
cepted as a major factor in effecting crop yields and to a
lesser extent type of crops grown. The farm management
factor, soil value rating, represents an attenmpt to measure
the variation in income resulting from difference in the
inherent productivity of ©the soil. The value was obtained
from the llail-In Account records and is expressed as a dol-
lar value. In develoring this ratinz, county personnel
classified the farms within the individual counties on the
basis of soil productivity. The classification ran from A
through D, with A ranked farms being the best in that par-

ticular county. A dollar value was then assigned by county,

S



for ezch of the soil productivity classifications. The
values assigned for one county may be entirely different
from those for another county in a different part of the
State. It was this dollar value that has becen used as the
soil value rating. The weaknesses to be expected in the
factor are first those cue to errors of Jjudgement in classi-
fying soil. Another problea in such a method of classifi-
cation of so0il productivity is the difficulties involved
in attempting to remove value imparted by uses other than
asricultural. Closeness to urban or industrial areas are
examples of conditions imparting additional value to land
over that iumparted by agricultural uses.

Fertilizer and lime expense rer tillable acre repre-
sents the use of the dollar value of a crop input to predict
net income. As this factor was selected it was realized
that any effect on net income would be contingent upon a
large number of other variables. Fertilizer and lime ex-
pense per tillable acre has been a widely used factor in the
analysis of farm organizations by farm management workers.

Resources, such as land, that were not used to their
full capacity would be expected to result in an income which
was less than maximum. OCn the basis of this logic, the per-
centage of tillable acres idle was taken from the llail-In
Account records and used as a farm menagenent factor.

The percentace of cash crops was developed as a meas-

ure of crop disposal. The value of the crops which were
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considered to be cash crops were summaed. Cash crops were
considered to be the following: wheat, dry beans, suzar
beets, potatoes, legume seed, flax, truck crops, fruit,
berries, canning peas and beans, crops sold standing, in-
surance payments on crop damaze, and payments through the
soil bank program. The value of crops grown as cash crops
was added to sales of feed crops. The sum was tien divided
by total crop value to determine the percentase of cash
crops. It was realized that this factor would be limited
in value to the study in that the farms had previously been
sorted to remove any farms which had less than 70% of their
gross income from the dairy enterprise. It was felt, how-
ever, that the factor might account for enough variation

in income 1n herds classed as dairy herd to justify its use.

A large number of farm management factors waich
deal with dairy efficiency have been included in this study.
These dairy factors have been justified on the basis that
the income of a sample such as the one used in this study
could be expected to be markedly influenced by the dif-
ferent aspects of the dairy operation.

Dairy sales per cow might be exrected to have much
the same relationship to the dairy ernterprise as mignt be
expected between crop value per tillable acre and the crop
enterprise. Dairy sales are influenced directly by pounds
of milk sold, percent of milk fat, and price received.

lail-In accounts report dairy sales per cow, just as

rIP
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D.H.I.A. records list the value of product per cow. Both
measures are intended to represent the same factor; however,
the figure reported by the financial records is one of in-
come received divided by the number of cows, while the fig-
ure rerorted by D.H.I.A. is a calculated figure and as-
sumes all milk produced has a value. The valucs used for
this study were taken from the lail-In accounts.

Milk production per cow has been studied in wmore de-
tail than the other farm manaseuent factors due to the tra-
ditional emphasis placed on this measure of physical output
by workers in the field of dairying. Iilk produced per cow
was taken from the D.H.I.A. and Cwner-oSampler recoras and
was based, as 1s the case with production records, on monthly
weighing of the milk produced by the individual cows in the
herd. WIilk sold per cow was obtained from the ail-In ac-
counts where it was calculated as a part of those records
by dividing; pounds of milk reported sold by the averaze
number of cows. A problem presented with this factor was
the failure to have the pounds of product reported in 1.7%
of the cases. The absence of values was circumvented by
subtracting the average difference between milk produced
per cow and milk sold per cow from averzge pounds of milk
produced. 4 difference of ©79 pounds was found between
these two measures of milk per cow. The difference was
obtained by subtracting the averazes of all observations

for milk sold per cow and milk produced per cow. Lilk
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sold was then considered to be €79 pounds below milk pro-
duced in those cases where it had not been reported.

The two milk factors were converted to the factors
of 4% fat corrected milk (FCL) produced per cow and 4%

FCI sold per cow in an effort to determine if a comparison
could be made across breeds of cattle. The multiplication
of averaze pounds of milk by O.4 plus averase pounds of
milk fat times 15 resulted in the pounds of 4% FCiLl. The
fat test obtained from the production records was used in
the computation of 4% FCL sold. The factors, milk produced
per cow, milk sold per cow, 4% FCW produced per cow, and 4
FCI sold per cow were considered to be four measures of the
same factor. It was felt, however, that a comparison of
production ability was Jjustified. It should be pointed out
that both of the sales factors were dependent upon the pro-
duction records either for missing values or for fat tests.

Pounds of milk fat per cow were obtained from the
production records and were included because of past, if
not present, emphasis by dairy scientists on this—yield
factor.

Two milk price factors were used. MNilk price per
cwt. was obtained from the financial records and in actu-
ality was calculated by dividing total dairy sales by
total pounds of milk sold. This figure is representative
of the price received after the deduction of marketing

expenses, haulins included. 4s with milk sold per cow,

~ak
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the milk price per cwt. for those few herds not reporting
pounds of milk is a calculated figure wiich is contingent
upon the existence of production records. The second
price factor used was 4,6 FCL price per cwt. Tne FCi price
was developed from the above milk price and reprcesents
the price which would have been received if the milk sold
was the pounds of 4 FCii sold per cow as computed pre-
viously. Coxputation of the factor consisted of obtaining
the difference between the fat test from .04 and multiply-
ing the difference by the average price on fat differential
paid for the year. This product was then algebraically
added to milk price per cwt. Frice received on fat differ-
ential for the period of time in question was as follows
and rerresents the increase in milk price per cwt. for a
0.17% increase in fat test: 1958 = ©.53¢; 1959 = 6.71¢;
1960 = 6.67¢; 1961 = 7.00¢; and 1962 = 6.63¢. The factor
of FCLl price was developed under the assumption that when
FCIM so0ld or FCil produced was used it also would be used.
The majority of the farms in the study sold milk
under some type of base-surplus or base incentive plan.
Percent base milk was developed to study the effect of
seasonal milk production on income. The production records
were used to obtain the total amount of milk produced from
August 1 through December 31. The milk produced during

this S-month period was divided by the total yearly



production to furnish the percentage of milk produced dur-
ing the base period.

The farm menagement factor dalry cattle income per
cow was obtained from the financial records and is the
differernce in the beginning end erding dalry cattle in-
ventories plus dairy cattle sales minus dairy cattle pur-
chases., It was felt that there misht well be major dif-
ferences in income as a result of cattle sales, particu-
larly in as much as a number of cooperators were purebred
breeders and as such have traditionally been assumed to
obtain a sizeable portion of their income from the sale
of breeding stock. S3ince inventory chanze and purchases
were ircluded in the compubation of the factor, it was
possible to have a negative dairy cattle income.

A factor was developed to study the effect that the
number of young stock oarried night haeve upon incowme. The
replacement stock to cow ratio was calculated by summing
the average number of heifers and the average nunmber of
calves, as determined from beginnin: and ending inven-
tories, and dividing by the averaze nuwber of cows. Both
replacenent and cow numbers were obtained frox the lLiail-In
accounts. A point to be remembered with such a factor as
this is that the replacement to cow ratio may depend more
on the percent of heifers calves born tran on dalry herd

organization.
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A study of the effect of dairy cattle housing on
income was desired. The closest measure that could be
obtained was improvement cost per cow. The irnventory
value of building and improvements, wiiich represents
building cost minus derreciation, was divided by the num-
ber of dairy cows. The major weakness was realized to be
its inability to actually measure differences in types and
extent of housing.

It was assumed thet idle resources in the form of
land would have a derressin effect on income, so it was
reasoned that idle resources in the form of dairy cows
would have a deprecssing eifect on income., Fercent of cows
in milk was felt to be a measure of the rroductivity of
resources. The factor was obtained from the D.H.I.A.
records and was calculated as a part of those records by
dividing total days in milk by total cow days.

The number of tillable acres per cow wWas designed
as a measure of the intvensity of the dairy operation. The
number of tillable acres as reported by the liail-In ac-
counts was divided by the number of cows to furnish the
value for the factor.

A number of feed input factors were computed for
this study. Feed input as determined by Mail-In records 1is
the value of the feed crops produced plus feed purchases

minus feed crop sales plus or minus the change in the
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inventory value of those feed crops. Livestock income per
$100 feed expense was based upon this calculation and was
computed by dividing total livestock income by feed expense
and multiplying by 100. Livestock ircome 1s the diiference
between beginning and endinz inventory value of livestock
plus livestock sales minus livestock purchases plus dairy
product and e53 sales. The factor of livestock income per
3100 feed expense was accepted as a measure of the returns
above feed cost for the livestock enterprise.

An effort was made to determine feed cost per cow
throush the use of the liail-In records. Since feed quanti-
ties as measured by the financial records were allotted to
all livestock on the farm, it was necessary to subtract that
supposedly fed to livestoclk otacr than dairy cows. The method
used in an attempt to remove the effect of other livestock
was to divide the income for each tyre of livestock by the
returns per $1 feed fed to the various classes of livestock
for the year in question. The resulting fijures then repre-
sented feed expense for each class of livestock and when sunm-
med represented total non-dairy feed expense. The values of
the returns per %1 feed fed to different classes of livestock
were obtained from Illinois data (16). These particular
values, as shown in Table 3, were chosen because of their
completeness. Feed cost figures used for heifers and calves
were %105 and $65, respectively, and were obtained by multi-

plying feed required by local prices. The total cost of feed far

i
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Table 3

Return per $100 Feed Fed to Different Classes of Livestockl

" Beel iative

Cow Feeder Sheep
Year Herds Cattle HJors Raised Poultry

» % » » W
1958 1.62 1.44 1.80 0.68 l.42
1959 1.47 1.12 1.14 1.02 1.23
1960 1.29 1.77 l.04 1.08 1.57
1961 1.39 1.16 1l.64 1.10 1.50
1962 1.49 1.48 1.59 1.26 l.44

lSummary of Illinois Farm Business Records, 1962. Uni-

versity of Illinois, Coop. Ext. Ser. Cir. 874.

replacements was then computed using the stated values and
subtracted from dairy feed costs. The remaining value was
then assigned to the dairy cow herd and when divided by
number of cows was listed as the farm managenent factor,
feed cost per cow.

The remaining feed factors, as well as the percent
cows in milk previously discussed, were taken from the

D.H.I.A. records. Owner-Sampler records do not carry feed

information and as a result the number of dairy farm record

years with these factors was reduced to 81l4. Averaze feed
cost, as tzken from the D.H.I.A. records, was computed by

sumning the value of grain, hay, silage, and pasture fed.
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Grain prices used were those reported by the supervisor,
and represented market value of the grain mixture. Roush-
age prices used were constant for the entire sanmple and
were based on market value. Pasture price used was $5
per month per cow.

Three physical measures of feed fed were determined
from the D.H.I.A. records: pounds of grain per cow,
pounds of hay equivalent rer cow rer day, and pounds total
digestible nutrients (T.D.K.) per cow per day. All three
of these factors were determined from values reported by
the local supervisors. Grain per cow was bacsed on the
weight of the grain ration fed on test day and has been
reported as total yearly pounds of grain per cow. Hay
equivalent per cow per day 1s a measure of hay and silaze
fed during the winter months when all cows were in confine-
ment. The factor was computed by dividing total silage by
% and adding to total pounds of hay reported. Total hay
equivalent was then divided by total cow days for the
reriod of winter feeding to furnish pounds hay eqguivalent
per cow per day. The grain quantities were derived from
the weighing of grain fed to each individual cow. Rough-
age quantities were based on a report listing the average
hay and silage consumed per cow daily.

Total digestible nutrients per cow per day were

obtained by multiplying total grain for the winter feeding
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period by 0.75 and total hay equivalent for the sane
period by 0.50. The two products were then summned and di-
vided by the total cow days for the winter feedingz period.
The factor, TDN per cow per day, was calculated over the
winter feeding period, as was hay equivalent, due to the
inability to allocate nutrient intake from pasture feed-
ing in a study such as this.

Days on pasture was not considered to be a feed

factor but rather a farm managemnent factor reflecting dairy

herd organizatiocn. Calculations of the factor consisted
of sunniingz total cow days on pasture and dividing by aver-
aze number of cows.

The number of cows per man, milk sold rer man, and
49 F.C.l.. sold per man were the three farm manaement fac-
tors developed as a measure of labor efficiency. The
three factors were considered to be an aprroximate meas-
ure of the same item. Iilk sold per man or 4% F.C.l.
sold per man were considered slichtly more refined meas-
ures of efficiency of labor than the number of cows per
man. The computations involved in the factors consisted
of dividing the average number of cows, total milk sold,
or total 4% F.C.ll. sold by the average number of men.

llachinery expense per tillable acre was taken from
the Mail-In Accounts where 1t was routinely assembled by

sumning the costs reported as repairs on tractors, crop
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and livestock machinery and eguipment, truck urkeep, cas,
0il 2nd grease and other machinery supclies, as well as

the depreciation on all power crop and livestock machinery
and equipment and dividirgz by the number of tillable acres.
The division by tillable acres was undertaken in an ef-
fort to maxke machinery costs comparable between farms of
different sizes.

The percent livestock incowe from dairying was in-
cluded in an effort to study the existence of a secondary
livestock enterprise on farms which were primarily dairy
in character. Fercent rented land, the last farm manage-
ment factor included, was considered an orzanization fac-
tor, and was calculated from information presented in the
Ilail-In accounts. 4acres of rented land were dividea by
total acres to furnish the factor percent rented land.

A total of 33 farm management factors were developed
as a part of this study. These factors were chosen for
use in an effort to compile a list of manazeicent factors

which would consider all phases of the farm operation.

III. Aralytical Desi:n and lethod

The relationship of an independent variable to the
dependent variable may be either linear or curvilinear.
A linear association is one where a constant amount of in-

crease in the dependent variable is associated with a unit

AL
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increase in the independent variable. Any other relation-
ship would be curvilirnear.

Economic theory precludes either constant returns
to scale, constant input-output relstionships, and con-
sequently constant returns to the inputs of production, or
even constant returns across or_anization or intensity
changes over an unlimited range. An assumption of curvi-
linearity in some of the farm manacewent factors was there-
fore felt to be valid.

The assoclation between net income ana each of the
farm menagement factors was studled to establish linearity
or the degree of curvilinearity. A tabular analysis was
performed in which the serarate farm manageuwent factors were
independently ranked from low to hish and Then divided into
5 equal groups according to the number oI observations.

The average for the farm management factor and for net in-
come was computed for each division. In addition the ob-
servations were sorted according to year and studied in

the same manner as above. Results of the tabulation in-
dicated that one of several basic relationships existed
between net income and any given farm management factor and
that this relationship was of the following order: Unit
increases of the management factor resulted in a constant
rate of increase or decrease in net income; unit increases

in the farm management factor were accompanied by increases

adil
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in net income at a decreasing rate, a relationship which

could be expressed as movement along two or more se ments

of the curve aefined by tne law of diminisning returns.

The diminishing returns curve wnay be described as one in

whlch unit increases in the factor result in net incowe in-

creasing at an increasiag rate, incresasing at a decreasing

rate, reacnin; a waximum, and finally decreasing. A fourth -
typre was observed winich showed little or no relationship
between the factor and rnet income. Tabular analysis tinen
served as the basis for decidiny to study the Ifit of each
farm management factor to 2 linear, second dezgree, and
third degree curve. It was felt that the study of Ifunc-
tions other than those tlhree would be of no value to tnis
study.

Correlations used to study linearity were conputed
by the use cof a Control Data Corporation (CDC) 3600 compu-
ter through the implementation of the COGRE (10) routine,
as were all correlations throughout this study. The basis

for deciding wnich degree of linearity to accept consisted

]

of computiny: the linear function where Y a + bX, followed

by the computation of the function ¥ = a + bX + CX2. The
P . . 2 2
coefficients of multiple determination, Ry.x and Ry.xxz’

obtained by the two computations were observed. The hypo-
thesis was tested that the two coefficients of determina-

tion were equal and as a consequence acceptance of the
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function as being linear. The acceptance of the alterna-
tive hypothesis tnat the R2 values were not equal was the
acceptance that thie additional variation explained due to
the use of the quadratic expression was of significant wmai-
nitude and that unit increases in the farm mznasement fac-
tor caused less than constant increases in net incoue.

e

. . 2 ;
3 }' T = ,“j °
The hypothesis tnat Ry.x ﬁy.xxc vas tested at the .0l

level of probability.

S 4 a0

Computation cf the function ¥ = a + bX + cX
followed and the function was accepted or rejected on the
same basis as was movement from the linesr function to the
quadratic. That is, the hyrothesis was tested tThat

2 2 .

R .2 =R_ 2. % at the .0l level of probability. The
e XX VerX X
2

acceptance of the alternative hypothesis that RJ xx2 is
not equal to Ri.xxzxa is the acceptance of a function which
follows the general form set forth by the law of diminish-
ing returns. In addition to satisfyin._ the statistical
tests, tne final functional relationsnip was expected to
approach the exrectation arrived at through logical deduc-
tion.
The prediction model developed was as follows:

Y. o(+Z(/Kl ij *¥41 lJ 811{135) + uy, where Y, = the

ith observation of the dependable variable; Xij = the 1th

observation on the jth indepenaent variable; ok = a constant

term corputed from the sample and ecgual to Y -Z(/gl 13



(o)}
\n

= the standard partial regression coefficient of Y on

Ai
Xi’ which i1s an expression of the welznt ziven to Xi;
Ki = the standard partial regression coefficients of Y on
X-, wnicn 1s an exrressicn of the wei nt given to X?;
i - i
8d.= the standard partial rezression coefficient of Y on
X?, which is an expression of the weizht given to X?; rnd
u'j = the random component. The jth variable may be ex-
- . . . 2 2 3
ressed as eltier .k.'/AZA. + 8.3 or A.X. + §.X; . X3
P wer fiXy s P+ 8K i%i xlkl.ﬁlel
dependent upon the relsationship of the variable to net in-
come. Variation in net income was explained by the function
2 2 2 z . -
O/y =R + du , Where (yd was the variancz of ¥, (Rg was
. Co 2 ) . ‘,2 .
the variance of Y explained by the regression, ard du is
the variance of Y unexplaiped by the regression. Sgy.x was

the estimate of‘J?u and Sgy was the estimate ofd<y2. There-

fore, R® = Sy2 - S2y.x =1 - Svg-x
ol 2 —e——  *
by 52
J

Wnere variables arproach independernce, a prediction
equation may be most efficiently developed by first includ-
ing the entire list of studied varisbles and tnen singu-
larly removing variables. The ecuations caen then be tested
at a predetermined level of probability to deternine if
there was a significantly greater amount of variation ex-
prlaired when the variable was included. By such a process

of removal and test, a prediction equation may be developed






wnich contains only those variables which offer a definite
contribution.

The farm management factors used in this study did
not lend themselves to sucn a treatwent. A continuum of
correlations amons farm mansgeuert factors was to be ex-
pected. This continuum could be exgected to exterd in
descending order from those factors which were measures of
the same output, throuzh those which indirectly measured
the same characteristic, to those factors which, while
they were not directly related, followed similer courses
and finally to factors which did approach independence.

In arriving at the firal prediction eguation, the
farm management factors were first divided into groups
which measured size, crop efficiency, livestock efficiency,
labor efficiency, costs, organization and intensity. The
groups were then studied on an individual basis. Factors
were studied so as to determine the correlations between
farm management factors as well as between the management
factors and net income. Classification reduced the number
of variables studied at any one time and allowed zreater
comprehension of the relationships between management fac-
tors.

Due to the possible relationships betw#een grours,
more than one set of variables were accepted from grours

containing numelous managexent factors. It was felt that

A
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the relative value of a factor within a zroup mizht be sub-
stantially different from the relative value of the same
factor in the presence of manacement factors from other
groups. If such correlations existed, the farm manacement
factors accepted for the final prediction equation micnt
not be those which explailned the most variation in net in-
come when studied within gzroups.

The sets of farm manazement factors contributed by
the groups were cowbired in all poscsible combdinations, and
the prediction equation accepted was the one which explained
the greatest anournt of variavicon in net income. The coeffi-
cient of determination (Rz) was used as the measure of the
variation in net incomxe which had been explained, and the
equation selected was the one which exhibited the largest
coefficient of determiration. Farm management factors in-
cluded in the prediction equation were removed one at a time
and the coefficient of determination was determined using
the remaining variables. The hypothesis that the values of

RS

for the two equations were equal was tested. Acceptance
of the hypothesis was rejection of an increase in the ex-
plained variation in net income and the consecuent deletion
of the management factor from the prediction ecuation.

A study of the effect of breed was carried out. TFarm
record years were sorted into two breed groups, holstein

and Jersey-Guernsey, and the coefficient of determination

was computed using the determined prediction equation.



RESULTS 45D DISCUSSICN

The farm management factors wiich were measures of
size had a higher degree of correlation to net inccme than
did any of the other management factors. Correlation co-
efficients along with other pertinent characteristics con-
cerning the mana_exent factors are rresented in Tables 4,
5, and 6. Iconomic theory states that as size increases
beyond a certaln magnitude diseconomies of scale will re-
sult in income increasinz at a decreasing rate. Decreasing
returns to scale were exnibited as cow numbers increased.
Acceptance of the second degree curve resulted in pre-
dicted incomes for 50, 100, and 200 cow herds which were
respectively @437 above, %723 and %11,877 below that which
would be expected under constant returns to scale. It
should be pointed out, however, tnat althouch the range
in cow numbers reported in the study extended to 216 cows,
the number of farm record years reporting more than 100
cows was limited, and that the meaning of the regression
line at this level should be seriously questioned.

The relationships of the remalning measures of size
to net income was best explained by linear functions. It
is possible that none, or an insignificant percent, of the
farms studied were large enough to exhibit diseconomies to
scale. It is suggested, however, that the nuuwber of till-

able acres and number of men are not suificient in themselves

- 68 -
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as measures of size, but rather that they can be expected
to be of greater value when in combination with other man-
ageuient factors. Total investment is both a measure of
size and quelity of inputs in that soil and cows of high
inherent ability are valued hizher than those of lesser
avility. This feature of the factor does not lessen its
value in a prediction eguation, but it does reduce its
usefulness in a consideration of the effect of size on
incore.,

The relationships of crop efficiency factors to
net income are snown in Table 4 and are represented by
the variables X6 throuzh Xl2’ The theoretical treatument
of an outrut as represented by crop yields leads to the
expectation that the crop productio:r per acre would fol-
low the curve outlined by the law of diminishing returns,
and consequently tinat the total value of crop would like-
wise eventually recach a maxinum and decrease. Crop yield
index had such an effect on income Jjust as did the sole
factor representing a crop input, fertilizer and lime
expense per tillable acre. Crop value per tillable acre,
crop acre value, soil value ratirng, and percent cash
crops exhibited a curvilinear relationship which increased
at a decreasing rate wnen correlated with net incone.

The relationship between percert tillable acres idle and

net income was linear.
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Cropring factors failed to have the degree of cor-
relation or to decrease the standard error of estimate to
the extent exhibited by size factors. The contribution of
several of these was meaningful, however, and indicated a
definite relationship between crorring system and incone.

As shown in Table 5, all managemenc factors measur-
ing the production of dairy products on a yper cow basis as
well as the dollar returns for the sale of these products
were linear. Any decrease in the quantity of milk produced
per unit of input with increasins levels of production was
not reflected in the correlation of dairy output factors to
net income. The relationship between the price of milk and
net income was such that net income increased at a decreas-
ing rate as price increased. This curvilinearity can be
contributed to the relationship between fat test and price,
which in turn can be substzntiated by the linear relation-
ship between price and net income when rrice was calculated
on a constant fat basis. The association between the high
fat test and the correspording lower level of milk produc-
tion was further borne out by a tabulation according to
breed. A total of 909 farm record years for Holstein herds
had an average fat test of 3.066%, produced 11,769 pounds
of milk per cow, and received an average net income of $3,408.
The total for 132 farm record years for Jersey herds showed

an average test of 5.00% with 8,574 pounds of milk per cow
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ard was accompanied by a net income of §6,562. This dif-
ference of $1,870 in net income was responsible for tue
grezter rart of the curvilinearity observed when milk price
was correlated with net incomne.

The livestock eificiency factors which were neas-
ures of feed consumption are listed on Tables 5 and 6.

Feed cost per cow was a factor calculated from farm account
records and trne coefficient of determination of .01%2 indi-
cates that the factor had no value in tnis study. The
method of computaticn accounted for the meaningless re-
sults. Averaje feed cost, grain, hey, and TDN per cow were
all measures of feed input. These measures all had low
correlation coefficicents, as wz2s to be expected, as in
reality they were secondary factors--secondary in the

sense that they were factors which influenced milk produc-
tion which in turn influenced net incoue.

The farm managexent factors measuring lavor effi-
ciency were second only to size factors in thelr degree of
correlation to net income. The higher correlation for the
two measures of milk sold per man over cows per man was not
unexpected and reflected tne effect of level of production
as well as the efficiency involved in handling cow numbers.

Those management factors designed to measure orzani-
zation or intensity showed surprisingly little correlation

to net income. Improvements per cow, rerlaceuent to cow
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ratio, machinery cost per tillable acre, percent livestock
incone from dairy and percent rented land all lacked sig-
nificance at (P <« 0.01).

The farm manareuwent factors total irnvestuent, nuubcr
of cow, numoer of tillaole acres, and nurber of men were
all measures of size of the farm operation. It can jen-
erally be stated that increased herd size demanded in-
creased acreace to furnish a larger quantity of feed and
an increased nunber of wmen to handle the larger herd and
farm. As number of cows and/or acres increased total in-
vestment was also required to increase since the two fac-
tors, cows and acres, were a part of the computation of in-
vestment. The coefficients of determination computed when
two or more of the mweasuiecs 0I size were Jjointly correlated
with net incowme demonstrated, nhowever, that the relation-
ship was rot constant. The addition of total investmcut
to number of cows increaced RZ from 4347 to 4550 while
the addition of tillable acres to number of cows increased
R2 to JA4445, When tested to determine if the added vari-
able explaired a greater amount of variation both total in-
vestment and tillable acres were significant at the .Cl
level of probability. The number of men did not signifi-
cantly (P <« .0l) increase R2 over that for rnumber of cows
alone, nor was the addition of number of tillable acres to
a function utilizing number of cows and total investment

significant (P <« .01).
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The functvions accepted as measures of size were as
2
3’ 3?

net income; X, = total investnent; X X = number oI CoOWs;
(48

575

and X4 = nuwber of tillable acres. The combiration of

follous: = f(X x° ) and Y = f(XB, 14), where Y =

cows and acres had a lower coefficient of determination
than did the combination of cows and investaent, however,
it was retained to study its value wren combined with fac-
tors rerresenting other characteristics of the farm opera-
tion.

- Crop value rer tillable acre was arrived at through
the multiplication of price and crop output, followed with
division by the total tillable acres. Consequently, the
factor was rrimarily a product of yields and values with
consideration indirectly belng given to the degree of utili-
- zation of land. The aspect of land utilization entered
into crop value per tillable acre as a result of idle land
being included as a rart of total tillable acres. It fol-
lowed that crop value per tillable acre mizht be considered
in the role of a primary factor in the explanation of
variation in net income as a result of cropping rractices
and crop yield index, crop acre value and percent tillable
acres idle serving as secondary factors. It was felt that
if crop value per tillable acre was used in predicting net
income that the three secondery factors could not logically

be included. This logic was extended to include soil value
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rating and fertilizer and lile expense per tillable acre
which were considered to be tertiary factors in the ex-
planation of variation in net incouwe and prissry in the
explanation of variation in crop yield irdex. The concept,
as stated, was tested by correlating the secondary and
tertiary factors with crop value per tillable acre in such
a manner as to receive a coefficient of deteriinstion
after the addition of each factor. The function studied
was as follous: X, = f(X7,x§,X;;X8,X§,X§;Xll;Xlo;xg,xg),
where X6 = crop value per tillable acre; X7,X$,X$ = Crop
yield index; XS,Xg,Xg = crop acre value; Xll = percent
tillable acres idle; Xlo = fertilizer and lime expense
per tillable acrej; and X9,XS = gs0il value rating. Frior
to studying the above relationships the degree of curvi-
linearity was determined for the factors when singularly
correlated with crop value per tillable acre. The curvi-
linearity established was that shown in the preceeding func-
tion, where both crop yield index and crop acre value were
best explained by a third order curve; soil value rating
by the quadratic; and percent tillable acres idle and fer-
tilizer expense with a linear function.

The coefficient of determination was .02064 when crop
value per tillable acre was correlated with crop yield in-
dex. +ith the addition of crop acre value, percent till-

able acres idle, fertilizer and lime ex;ense per tillable
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acre, and soil value rating the coefficient was raised to
.8808, .9251, .9258, and .9235, respectively. Each of the
five factors was significant at the .01 level of probabil-
ity. The high percentasze of expleined veriation in crop
value per tillable acre bears out the concept of crop
yield index, crop acre value and percent tillable acres
idle as secondary factors. The acceptance of tihls concept
logically leads to the examirnation of net incowe with
either crop value per tillavle acre or a combination of
crop yield index, crop acre value, and percent tillable
acres idle. An attenpt to incrcase the variation explained
in net income by adding the secondary crop variables con-
firmed this, as none of the three were able to signifi-
cantly (P ¢ .0l) raise the coefficient of determination.
Fertilizer and lime expense per tillable acre was of no
value in increasing R2 when added to either the primary
crop factor or to the secondary factors. Soil value rat-
ing failed to follow the format set down for secondary or
tertiary crop factors and was of significant (P <« .01)
value in explaining variation in net income when added

to either crop value per tillable acre or to the combina-
tion of secondary factors measuring yield, value, and

land utilization. The value of the factor extended beyond

that of a simple measure of soil productivity.
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The followinz measurcs of crop efficiency were ac-

e gy 2. 2. 2 3
certed for future study: Y = f(K6,£6,A9,A9,Xlg,Al2,X12)
- 2 2. 2 1
and Y = f(,c7,x7,x;;x8,x8;xll;Xg,xg; 100X551%2,), where Y =

net income; X6,Xg = crop value per tillable acre; X7,K$,Xg

= crop yield irndex; XS,Xg = crop acre value; Xg’Xg = soil

value rating; Xll = percent tillable acres idle; and

- 2 - .
Xl2,X12,X§2 = percent cash crops. The coefficient of de-
termination for the function utilizing crop value per till-

) A : 2 . . Cas
able acre was .20c¢3 while R~ for the function utilizing

the three secondary functions was .2058. The two func-
tions were considered to pe of esserntially equal value in
the explenation of variation in net incoune.

The duplication of measures of milk production and
milk price coupled with the existence of primary, secondary,
and tertiary livestock efficiency factors resulted in the
existence of a multiplicity of possible management factor
combinations with which to measure the livestock enter-
prise. Dairy sales per cow served the role of a priiary
factor with milk per cow, fat per cow, and price of milk
serving to explain variation in dalry sales. The concept
of dairy sales as a primary factor was substentiated by
the inability of any of the milk output or milk price
factors to significantly (F « .0l) increase the explaired
variation in net income over that explained by dairy

sales per cow.
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leasures of milk output per cow and milk price were
converted to a & FCIl basis under the assumdtion that
breed differences wi it nave less effect on the factors
when studied on a constant fat basis. The sinsular corre-
lation of factors showed hijher coefiicierts for factors
converted to a constant fat basis. Coeificieunts of de-
termication for 45 FCLI sold per cow, 4% FC.I produced per
cow, and 4} FCLl price per cwt were .1019, .0732, and .061l3,
respectively. The respective R2 values for milk sold per
cow, milk produced per cow, and milk price per cwt were
.0911, .0664, and .0429. Jaen a 4o FCii output factor and
the 4% FCLI price factor were jointly correlated with net
income, nowever, the advaniao_e of the constant fat fac-
tors in explaining variations in net income was lost.

The effects of correlating five alternative sets of
measures of livestock efficiency with net i1ucome are shown
in Table 7. In each set the increased explanzation of
variation in net income due to the addition of dairy cat-
tle income per cow or livestock ircome per 3100 feed ex-
pense was significant (¥ ¢ .0l1). The farm wana cuent fac-
tors of replaceuwent stocli to cow ratio and improveients
per cow did rot sigrificantly (F ¢ .0l) increase tne ex-
plained variation in nct income. Feed cost per cow as de-
rived from the Iail-In Accounts, while not shown on Table

7, failed to have a significant (F ¢ .01) effect on R2.



8l

Table 7

Coefficients of Determinaticn (Re) as Various
Livestock Zfficiercy Factorsl are added to Dairy Cutputs
in a Correlavion with Net Income.

Deiry ILilk Lilk 47 FCL. 4,0 ¥Cl.
Sales Sold Froduced Sold Froduced

/Cow 5 /Cow /Cow /Cow /Cow
L15287 .CC11 LO0oe4 .1019 .0732
Nilk Price/C.T = ——-—u 1001 1170  —meee e o
4% FCL Frice/CiT W W  —m—cm=m mmmem e 1623 .1260
Fercent Base [lilk 1738 .1782 1398 L1785 <1404
Cattle Income/Cow .13¢1 .1933 1577 .1915 .16355

Lvst. Income/4100 Feed .2159 .2248 1913 2215 1974

Replacenments:Cow Ratio .2151 .2270 «1941 2241 .19S9
2

Improvemnents/Cow L2144  .2278 . 1946 .

249 . 2004

1

All factors, with the exception of replacement stock to
cow ratio and improvecents per cow, were significant at the
.01 level of probability. ‘

2Values listed directly below the dairy output factors are

the coefficients of determination between the individual
output factors and net incoxne.

Nilk fat per cow was significant (F ¢ ,0l) in its effect
on net income when added directly to milk output, however,
if the effect of milk price was also considered milk fat
per cow was no longer of significant (P « .0l) value in
the explanation of variation in net income. Increasing
levels of fat production appeared to be accurately ac-

counted for throush milk price.

[
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The sets of factors measuring livestock efficiency
which were carried forward for further study differed only

in the measure of dairy output and were as follows: Y =

£ (K05 K500 X505 %51 %51 385005500y T = £y 580, K503 %,0, %55

XBl’X§1;152’X§2)’ and Y = £(Xy 5 255X26’X§6;X50’X§o;X31’X§1;

X52,X§2), wnere Y = net income; X2O = dairy sales per cow,

X2l = milk sold fper cow; X25 = milk fat per cow; Xﬁ6,X§6 =
%2

milk price per cwt; X = percent base milk; X

30" 50 310431 =
dairy cattle income per cow; and X52,X§2 = livestock income
per %100 feed expense. The managexzent factors 4% FCL sold
per cow and 4% FCLl price were not carried forward since
they failed to show any advantagze over the conventional
methods of measuring milk and rrice, and at the sawme time
represernted factors which ordinarily were not readily at
hand.

he source of data for the feed efficiency factors
was restricted to the 314 farm record years in wnich
D.H.I.A. records were utilized. It was felt that feed
factors acted in the role of primary factors in explaining
variations in milk production, dbut as tertiary factors in
the explanation of net income. The concept was studied
that feed consumption and percent cows in milk effected
net income as a consequence of their influence on milk pro-
duction. 4n attewpt was first made to explain variations

in milk production per cow resulting from the various feed

i
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factgors and percent cows in milk by means of the following

2 2 - ]
ou 57’X57’X58’X58’X55’X56)’ waere X,

milk production per cow; X57,X§7 = grain per cow; and X

function: X = f(X

36
days on pasture. The function was solved in such a nan-
ner that an 32 value was computed with the addition of
each management factor. Grain per cow explained 20.37
percent of the variation in milk production per cow. The
addition of nay equivalent rer cow per day raised the
value of R2 to .2155. Percent cows in milk and days on
pasture increased the coefiicients of determination to
3347 and 2550, respectively.

The farm manavewment factors used in studying vari-
ations in milk output were singularly correlated with milk
production per cow so as to establish the proper degree of
curvilinearity when used in such a function. Unit in-
creases in percent cows in milk and days on pasture were
associated with constent increases in milk production.
Unit increases in grain per cow and hay equivalent per cow
per day were associated with an output curve for milk
which increased at a decreasing rate. The linear function
of days on pasture was of little concern since its effect
on milk production was not significant (F < .0l). The re-
lationship of percent cows in wilk to milk rroduction was
of logical design inasmuch as the relationship was a
mathematical one since dry cows were included in the con-

putation of average milk production.



The decreasing rate at walich milk pfoduction in-
creased with unit increases in feed consuvmption was of par-
ticular concern, since it substantiated the concext of the
law of diminishing returns in the producticon of milk. The

second degree curve obtalned when graln or rou_na2:e intake

[

-

best explained the

ey

was correlated with milk production also
relationship of IDIT pzr cow per day or average feed cost.

To substantiate the Iindins on the relationsnip of feed ef-
ficiency factors to milk proauction, similar correlaticns
were coumputed using 47 rCil proiuced as tne dependent vari-
able. The degree of curvilinearity was found to be tae

samwe for milk produced per cow and 45 FC.l produced per cow.
The samuple was sorted according to bpreed to further examine
the relationship between feed and milk output. A total of
703 Hdolstein herds and 111 Jersey-Guernsey herds were
treated in the same maunner as when previously combined.

The second degree curve was found to best explain the vari-
ations in milk production resulting from feed consumption

in the case of botnh Holstein and Jersey-Guernsey herds.

The R2 values arrived at when milk production was corre-
lated with grain, rouzha’e, percent cows in milk, and days
on pasture were .2453% and .553%37 for tne Holstein and Jerssy-
Guernsey herds, respecvively. Data from this study indi-
cate that when dairy animels were considered on a herd

basis increacsing quantities of feed resulted in increas-

ingly smaller outputs of milk per unit of feed. It 1is

Fes—

[N



suisested by the author that if feed quantities had con-
tinued to increase a neximum in wnilk production would have
been reached.

Several other farm manacement factors were corre-
lated with milk production in an atvemrt to incresse the
explained variation in the dependent variable. Improve-
wents per cow, number of cows, and crop yield irdex sig-
nificantly raised tne value of R2 over that resulting from
grain per cow, hay ecuivalent ter cow per day, percent cow
in wmilk, and days on pasture. The value of 32 was raised
from .3350 to .3%903. Inprovements per cow were measures
of housing and lmproveiient expendivures and indicated that
physical facilities did have some effect on tae level of
milk production. The repression coefficient (b) for number
of cows was nezative and indicated a swall but definite
decrease in tane level of wilk procducticn as herd size in-
creased. Crop yield index was included as a test to deter-
mine if the concept that manazers who are associated with
high milk production from the dairy herd are also asso-
ciated with hizh crop yields. The factor was not con-
sidered as naving a causative effect on milk production.
The number oif cows per man did not have a significant
effect on milk production per cow.

The influence of the feed efficiency factors and

percent cows in milk on net income was examined. Jhen



added on to the previously accepted livestock factors and
correlated with net incowme only days on pasture was sizni-
ficant (P « .0l) in increasing the explained variztion in
net incowe. Grain per cow, hay equivalent per cow per

day, IDI per cow per cay,

)

verz_ e feed cost, and jercent
cows 1in milk all followed the format set forth for terti-
ary factors. Sach was of value in explaining milk ocutput,
but any influence they wiznt have had on net income had
previously beer ircluded in the computations whnen milk
sold per cow was auded. Days on pasture failed to follow
the format for tertisry factors. The factor was of no
value in explaining variations in milk production, but was
of significant (F « .0l1) value in the explanztion of vari-
ation in net income. Tnis set of circumstances indicated
that days on pasture was not a feed efficiency factor as
previously had becen surposed out an organizational factor.
Milk sold per man was accepted as the measure of
labor efficiency over cows per man on the basis of the
simple correlation coefficients, 4917 and .32979, resrec-
tively. The labor efiiciency factor 4o FCil was considered
as a companion to 47 FCL sold per cow and 4 FCil price and
was excluded along with these two factors. lachinery ex-
pense per tillable acre, percent rented land, and number
of tillable acres per cow were aaded to the list of fac-
tors studied for the final prediction equation as measures

of cost and intensity.
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All sets of farm wmanazenent factors from within the
sroups of size, crop efficiency, livestock efficiency,
labor efficiency, costs, organization, and intensity were
comdbined in 2ll possible combinations to produce 12 pre-
diction equations. The larzest coefficient of determina-

tion for any of the 12 equations was .7531 and was computed
2 2

from the followingz ecuation: Y = f(XE,X3 X, XX X9,Y9,
2 3 . .2 2 P 2
X504 2’A12"15’k15’ 1524153 %163 %1387 3855, X553 430 %543

XBl’ 51; 309 32). Size of farming operation was repre-
sented by number of cows (XB,Xg) and number of tillable
acres (X4)° Crop efficiency factors were best represented
by crop value per tillable acre (Xe’Xg)’ soil value rating
(X9,X§), and percent cash crops (Xl2,X§2,X§2). Machinery
expense rer tillable acre (XIB’X§5) entered the equation
as a measure of cost, and percent rented land (Xl5’ 15)

as an organizational factor. Intensity of operation was
measured by numver of tillable acres per cow (Xl6) and
lgbor efficiency by milk sold per man (Xl8). The equa-
tion included 5 livestock eff101encr factors; milk sold
per cow (X l), milk rrice per cat (Xﬁ6,X ~-), percent base

milk (X dairy cattle income per cow (X5l’ 31), and

50’ jo))

livestock income per 100 feed expense (X 52). Each

32°
factor was then singularly deleted and the function cal-
culated witnout the effects of the deleted factor. The

differernce 1in the 32 values was tested for equality.

ET
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S0il value rating, milk price per cwt, and percent base
milk were significant at the .05 level of probability.

All other factors were significant at the .01 level of pro-
bability.

Computation of the R2 value with days on pasture in-
cluded for the 814 herds utilizing D.H.l.4. records failed
to show a significant (F <« .05) difference in the explained
variation in net incoue.

Several methods nave peen traditionally utilized in
analyzin: the results furnished throush the use of multi-
ple correlation procedures. A method often considered
has been observation of the accumulative value oif the co-
efficients of determination. As shown in Table &, the
value of 32 Was 4347 wnen number of cows was the only
farm management factor correlated with net income. The
value moved to 4445 wnen number of tillable acres was
included, to .4946 with crop value per tillable acre, and
finally up to the value of .7531 when all factors were
consicdered. This method was of considerable value in the
determination of significence for the individual factors,
but proved to be of doubtful value for specifyirg the
contribution of each factor when all 14 of the accepted
manageumwent factors were simultaneously comsidered. The
implications of the method were that number of cows ex-

plained 45.80% of the variation in net income in proportion
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to the extent ctaat R2 increased. If tiis prewise were ac-
cepved, 1t would rean that number of cows explained 45.830%
of the variation in net lncowme, tillable acres explained
0.98%, crop value per acre explained 5.01,5 of the vari-
ation, and so forth, as the 14 factors were added. This
was not the caze., Number of cows when sin ularly corre-
lated with net incoxe also reflected the nany other man-
agement factors correlated with herd size.

Partial correlacion coefiicients have often been
used to point out the relative ilmportance of independent
variebles. As illustrated in Table 9, the partials were
of little value in curvilinear regression as it was ex-
tremely difficult to conprehend the exact effect of a
given factor wnen either Tao or three coefficients, usually
with opposing signs, were listed.

A Tnird methnod often utilized has been to singularly
delete variavles and determine the coefficient of deter-
mirnation in the absence of thie variable. In tois method
the difference between R2 with all variables included and
R2 with a variavle deleted would then be considered to De
the effect of the deleted variavle. The deficiency of the
method was centered around the assuwption thet a given
variable explains only the variation remaining aiter all
possible variation has been credived to the other vari-

ables in the eguation. This would be true only in the case

e
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where tine deleted variable was completely indererndent. The
sunmation of the variation accounted for by the individual
factors readily pointed out the suortcouinz of the method
since only a fracticn (upproximately %3) of the variztion
was accounted for.

To overcome the shortcoaning inhereant in the taree
methods discussed avove, the direct and indirect effect of

farm wanagewment factors were coxputed. For a linear func-

F‘_—W*"JA

tion, the variation in net income accounted for by tae fac-
tor was the square of thie beta welznts or standard partials.
In the case of the second dertrce curve, the coefficient was
computed as follows: Direct and indirect effect of X, on

2 2, 5 o5 2 2, *
Y f/gxi 76Ki + 2gﬂkyﬁxirXiAi) where £ X, an@%’Xﬁ were con-
sidered to be the direct effects of Xi and Xf on Y, and
the covariance (product of the beta weirhis times the sim-
ple correlation coefficient between X and X2) multiplied
by 2 as the indirect effect of the factors throush each
other on net income (21).

This measure of the relative value of the farm manage-
ment factors in the explanation of variation in net income
proved to be greatly superior to any of the tihree previous
metnods discussed. Accuracy of estimabtion of the relative
value of farm manzgement factors was increased over The ac-

2

. 2 .
curacy of accumulative valuecs of R™ or over R™ values arrived

at through deletion. This increased accuracy occurred since
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lleasures of the Zifectiveness of Various Farm lianagement
Factors in Influencing Net Income
Michizan Dairy Farws, 1041 Ferm Record Years, 1958-19¢2

Farm accumulative Re Residuals Direct and
Management Coefficients Resulting From Indirect
Factor of Deletion of Effect
Deterninaticn Factors of Facvors
FNumber of Cows 347 .0055 .03%82
Tillable Acres ) .0136 .1623%
Crop Value/T.A. L4946 .0605 1631
Soil Value Rating LAU4CETY .0018 .0022
Percent Cash Crops .5052 .003% .0193
Vachinery Cost/T.A. Y2V L0417 .0857
Percent Rented Land « 5274 .0073 .0081
Tillable Acres/Cow « 5340 .0037 .0316
Milk Sold/Lian 5531 .0011 .0028
Milk Sold/Cow « 5905 0024 .0059
Milk Price/CuT .603%6 0014 .0019
Percent Base lilk .6091 .0017 .0018
Cattle Income/Cow .6592 .0145 .0194
Lvst. Income/$#100 Feed .7531 .093%8 .1819







Table 9

tatistics Derived from the Prediction
Using Farm liznagement Factors as Variables
Kichigan Dairy Farms, 1041 Farm Record Years, 1955-1962

92

quation of Illet Incone

Farm Regression Farvial 5
Management Coefficients Correlation R
Factors (b) Coefficients Deletes
Y axis intercept (a) =37,553.853
Number of Cows X3 45,2873 .058 . 7522
X NelsIen .01%93 «7530
5
Tillable Acres X4 21,4702 . 2282 « 7395
Crop Value/T.A4. X6 154.7585 .1550 « 7470
xg -.1835 -.0225 .7529
Soil Value Rating X2 4,2666 .0179 7530
X -.0279 -.0371 .7527
9
Fercent Cash Crops X12 24,0524 .03%08 .7528
x§2 -1.2107 -.0226 .7529
X?2 .0013 .0019 .7531
llachinery Cost/T.A. Xl5 -306.9900 - 1774 . 451
X< 1.9873 .0659 .7520
13
Percent Rented Land Xl5 46,7023 « 1608 . 7405
}@5 -. 5674 ~-.1682 . 7459
Tillable Acres/Cow Xl6 -4831.63¢6 -.1217 L7404
MNilk Sold/kan X18 .0038 .0670 . 7520
iilk Sold/Cow X21 « 2269 .0963% .7508
Iiilk Price/CunT X26 4,502.0821 .C651 .7520
x§6 -556.95%2 -.0688 .7519
Fercent Base Lilk X 0 558.1479 .076% .7516
X% -6.339 -.0737 7517
Cattle Income/Cow X 1 18.5315 Jl244 . 7492
X%l -.0127 -.023%0 . 7529
Lvst. Inc/%1l00 Feed X 5 100.5786 2312 .7391
X§2 -.1248 -.1192 . 7495




both measures of R2 discussed are computed Iroxm incomplcte
equations which do not satisfy the specifications of the
model or specifications for selection of farm manareuent
factors. Computation of direct and indirect effects of
marazerent factors on net income placed a sinzle value in
each factor wnich was comparable for voth linezr 2nd cur-
vilinear functions. The sin:.'le value for each factor al-
lowed greater ease of comnprencension over tie nultiple
values of curvilincar fuinctions when partiel rezression
coefficients were utilized.

Cbservation of the direct and indirect effects of
individual ferm managewent factors on nect income; as shown
in Table 8, revealed values of .1&19, .1631, .1623, and
.0857 for livestock income per »lO0 feed exrense, crop
value per tillable acre, numper of tillable acres, and
machinery expense per tillable acre, respectively. Tnese
four manacement factors accounted for 82% of the explained
effect of the factors on net income. The relative weil;hts
given to the individual factors shifted substartially when
considered in tne presence of 1% other variables as comparsd
to those reported by singular correleticn or by multiple
correlction witnin farm characteristic groups. The shift
in the effect of the farm manajerent factors on net income
as well as the difference in the relative importance in the
factors nust be attributed to The hish correluation existirng

between the farm manazsement factors.



The results cleurly demonstrated tie danzers in-
herent in a study placing msajor erphasis on a taoular
analysis sorted on one factor or on siuple correlations.

A case 1In example of tihis was mecaninesry excerse per till-
eble acre which was rot significznt (F « .0l) waen sinu-
larly correlated with net income, y.t wihich had a major ef-
fect on the final prediction eguation. It should be under-
stood, however, that the multirle correlation of 14 fac-
tors on net incouwe would not have been possible in its
present form without the development of a mol=l anil a
statemert of specificavicns for the mansgzgenent factors

that were to ve included. The fulfillment of these sveci-

fications recuired siungular correlation as a test of line-

9]

arity and the statistical cra 1o ical consideration of fac-

tors in enteryrise zroups.

The results indicate that a possible improveuent in
the methiod of analysis would have been to alter the speci-
fications for maragsment factors to ve irncluded. It was
demonstrated that it was possivle for a factor wiich was
not significant when sirgularly correlsted with net ircome
to become of major importasnce in tie multiple correlation.
Therefore, exclusion of factors might well be made from an

ecuation ircluding all management factors exclusive of

those measuring the samwe characteristic. The method would
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then be one where the degree of curvilinearity is estab-
lished by sirgular correlation of factors with rnest incoue.
Tre exclusicn of duplicste measures of the same character-
istic by acceptance of the factor with the hihest R2
value wken singularly correlated with nct income would
follow. Lastly, lhe combiring of all remsinin: farm mon-
ageanent factors into a multiple correlation fuancticn. A
test of significuance for each factor could then determine
whetner it was To rerain in the prediction ecuation.

The size factors, nuabter of cows and tillable acres,
accounted for 23 percent of the explained effect on net
income. The major effect of size was credived to nuaber
of tillable acres. The causefor this relationship is not
clear since the simple correlation between number of cows
and number of tillable acres was .7S28. The farms used in
this study were ones producing the-major portion of tuneir
feed. It follows that increased herd sizes would reflect
increased acreage. Due to thé restriction placed on the
selection of the sample to those with /0O rercent or more
of their income froa dairy, it follows that increased acre-
agze reflected increaced nerd size.

Crop efficiency factors in accounting for 25 percent
of the explained effect on nest incoume followed the pattern
set for it by earlier correlations. Xachinery exrense per

tillable acre explained 12 percent of total direct and
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indirect effect of management factors on net income. This
total was higher than that indicated when the factor was
sinzularly correlated with net income. Fercent rented
land was of an insi~rnificant value as was milk sold per
man. The small weizat given to milk sold per man does not
follow tihe popular conception of the value of the manage-
ment factor, nor does 1t reflect the importance rlaced on
it by tne simple correlation coefficient. Intensity of
operation was shown to be relatively important in that
nunber of tillable acres per cow had a value of .0316 for
the conputed direct and indirect efiects on net ircone.
Livestock efiicierncy factors accounted for 29 per-
cent of the explained eflfect of the factors on net iucouwe.
Livestock income per 4100 fced expense was credited with
86 percent of this effect. A consideration of the make
up of livestock income per $1C0 feed expense snowed it to
be a primary livestock factor. The factor was composed of
milk and ey sales plus or minus the change in livestock

income and was divided by feed costs which represent over

50 percent of the costs of producing milk. The full effect

of level of milk per cow, dairy cattle income per cow, and
milk price rer cwt are all effectively masked by livestock
income per $100 feed expense. The simple correlation co-

efficisant of .2704 failed to reilect the full weipht of

the factor in explaining variations in net incone.
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The farm record years were classified according to
breed. The 909 Holsteins and the 132 Jersey-Guernsey
herds wvere utilized in multiple correlations using the 14
farm managenent factors previcusly selected. The coeffi-
cients of detericination were .7749 and .&784 for the
Holstein and Jersey-Guernsey zsrouns, respectively. A fur-
ther indication of the increased accuracy resulting from
the selected manarement factors for the Holstein herds
over the Jersey-Guernsey herds was the relationship be-
tween averaze net incowe and tne standard error of esti-
mate. Average net income for the Holstein herds was
$3,408 and the standard error was %2,491l. For the Jersey-
Guernsey herds the averaze net income was %5,562 with a
standard error of 32,785. The direct and indirect effects
of the farm manaement factors on net income are shown in
Table 10. Observation of these values readily pointed out
that they are valid only within the individual multiple
correlation and could not be used as avsolute terms to
make comparisons between separate multiple correlations.
It was possible, however, to convert the values to percent-
age figures and discuss them as a percent of the total
direct and irdirect effect on net income.

Holstein herds were typical of the entire sauple.
Jersey-Guernsey herds, however, differed to the extent

that both size and crop efficiency factors were responsible



Table 10

Direct and Indirect iffects of Selected Farm llanacerent
Factors on lNet Income wihen merds were Classiiied by 3Breed.
Michigzan Dairy Farms, 1955-19c2.

Direct and Inulrect witeqt

Farm of lLlanarement Factors
Nanazewent dolstGeint Jersey and/ore
Factors Heras Guernsey Herds
Number of Cows .0617 .0955
Tillable Acres <1431 <3104
Crop Value/T.A. L1737 . 2463
Soil Value Ratving .0015 . 0402
Fercent Cash Crops .0037 L1172
l'achinery Cost/T.A. .0928 0454
Percent Rented Land 0074 .Cl1l73
Tillable acres/Cow . 0260 .03%38
1ilk Sold/llan .0008 .0019
Iiilk Sold/Cow .0071 .0000
lilk Frice/Cwt .0001 0040
Fercent Base liilk .0023% .0019
Cattle Income/Cow .0178 L0415
Lvst. Income/$4100 Feed 1343 L1423

lA total of 909 farm record years.

2A total of 1%2 farm record years.
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for /4 percent of the explzired direct and indirzsct effect
of the manageient factors on net income with each explain-
ing 37 percent. Livestock efficlency factors decreased to
17 percent of the total explained effect for the smaller
breeds. These values were contrasted to Z3 percent, 25
percent, and 29 percent for either the Holstein or for the
entire sample. Furtiher analysis of the management factors
revealed that tre average values for crop value per tillavle
acre, crop yield irdex, crop acre value, and fertilizer
and lime expense were aprroxinately equazal for the two
groups. Dirfererces in the characteristics of the groups
were reflected primarily in size of operation, dairy
~sales, and livestock incoume per $100 feed exyense. The
Holstein herds averaced 213 acres and 39 cows as con-
trasted to 179 acres and %6.8 cows for the Jersey-Guernsey
group. Dairy sales were $435 and {332 for the Holstein
and Jersey-Guernsey srours, resrectively. Livestock in-
come per $100 feed expense was $1E82 for Holstein herds
and $198 for Jersey-Guernsey herds. The nunver of cows
handled per man were £0.4 and 17.4 for the Holstein and
Jersey-Guernsey herds, recspectively.

The differernces between the two groups centered
around scale of operation. The Holstein herds had more

producing units coupled with Zreater sales per cow. It
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would seem that for the two groups to be comparable the
Jersey-Guernsey operations must be increased in scale and
at the same time handle a greater nuaber of animals per
man and per acre to compensate for the increased sales

per cow for the larver animals.




CCKCLUSICLS

A defirite relatiorship existed betiween meanaceient
ability as measured by the farm nanarewent factors and net
income. The mznajement factors, nowever, were nos inde-
pendent measures of marajement success. Tae hish decgree
of correlation between factors coupled wita the primacy
of factors prohibited a cowplete ranking of the management
factors as to their reclative importance.

Simple correlations between the individual managexent
factors and ret incoue appeared to furnish a wmeasure by
which factors micht be ranked, however, to do so would be
a meaningless gesture. The correlations between factors
clearly indicated that they were not independent and that
to credit the entire increase in net incore associated
with an increase in a given factor to that factor would be
an obvious error. A case example would be where an in-
crease in the number of cows given full credit for the cor-
responding increase in net incowe. Intercorrelations be-
tween the factors clearly indicated that as number of cows
increased the number of tillable acres, total investment,
and number of men increased in nearly equal proportions.

The values credited to the different farm management
factors in the solution of the nultiple correlation furction

indicated definite shortcouings in the method as a means of

- 101 -
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ranking those factors. The primacy of manajewent factors
accounted for a large portion of the insbility to obtain
values for management factors which lend theuwselves to a
meaningful ranking. A production factor such as milk pro-
duction per cow or crop yield index will not greatly con-
tribute to the explained variation in net irncome wien in
the scme rrediction equaticn witn livestock incose per
tillable acre or crop value rer tillgble acre. Yet, the
secondary factor may be the major cause of vzriation in
the primary factor. The speculation of which is more im-
portant crop yield per acre or crop value per acre is
hardly fruitful meditation since one is a function of the
other.

The results obtained from tne prediction equation
indicated that for the tyre of farms studied, nemely lichi-
gan dairy farms, three major sources of variation in net
incone existed. Tnese were size of operation, cropping
efficiency and livestock efficiency as measured by number
of tillable acres, crop value per tillable acre, and live-
stock income per $100 feed exrense. This was entirely

.

in keeping with lozic, since the farms studied, for the
most part, utilized the dairy herd as a market for crogs
produced. The manageuwent factor crop value per tillable

acre scerved to sum up the cropping enterprise wihile live-

stock incowme per %100 feed expense was a ratio of product
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ani cattle seles to that crop value previously measured.
The numper of tillable acres conveniently served as the
importunt measure of size since incoie was 1in essence a
multiple of crop value plus the added value returned by
ruitting the crop raised tvhrouzh the dairy arniwmals.

The evidence indicates that farm mana enent factors
can and do serve useful furctions in the explanction of
variations in ne¢t incomre, bput that a great deal more con-
sideration should be placed upon the primacy of these fac-—
tors when used as an aid to farm organization ard marace-
ment. The lojical step from the consideraticn of income
variatviocns due to size, cropriry eanterprise, and livestock
enterprise is to an explanztion of verisztion in crop effi-
ciency and/or livestock eiiiciency. A correlation of three
crop factors with crop value per tillavle acre accounted
for 92.5% of the variation in the factor. The factors were
crop yield index, crop acre value, and percent tillatle
acres idle. In a similsar manner dairy product sales, cairy
cattle sales, and averzge feed cost could pe expected to
account for the major portion of livestock income per %100
feed exzense. llovement to the tertiary fauctors indicated
that the measurements of the csuses of diffcrences in pro-
ducticn were inconplete and tnhe fsctors considereld were
unable to exylzin the wmajor portion of variation in either

crop yields or livestock production.
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OUsimnatl

The effects of various farm manzzexent factors on net
income were studied. Michigan dairy farms concurrently
utilizing lail-In Fari1 Account Records and D.H.I.&. or
Owner-Sampler records for any

yéar during vhe period of

(%)

1958 throush 1902 were used as the scurce of data. A to-
tal of 340 dairy ferms representing 1,041 farm record years
wvere ircluded in the study. The farms accepted for the

-~ ~

study wvere those winlch reccived C percent or more of
theilr incone from deirying o all farms utilized were pre-
viously classified as iavinz Holsteln or Jersey and/or

Guernsey catitle. HDerds represented by a minor breed or by

(%

®

several breeds were ewcluded from the study.

A total of %3 farm manazeuent factors was selected
for the study. ZFactors concidered were gzroured into tnose
measuring size, crop efficiency, livestock efficiency,

labor efficiency, costs, intensity, and orgarizaztion.

llanaszerent factors were sinzularly correlasted with net in-
come as a means of determinin their degree of curviline-

arity. TFarm manasement factors which were measures of size
of faruing operaticn tenaed to ve linear and hishly corre-
lated with net income. lieasures of crop efficiency were
priumarily typified by functions which increased at a de-

reasing rate or those wonich followed the law of diminisiirg

- 104 -
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returns. Labor efficiency factors were lirear. IlLanagerent
factors which were a measure of livestock efficiency varied
in their relationship to net income., Those livestock fac-
tors that served as a measure of rroduction were lirear,
while those that were measures of price were curvilinear.

The development of a prediction equation with which
to explain the variation in net income that could be at-
tributed to the various farm managesent factors was based
upon a regression model. OSelection of the varisbles to
be included in the prediction ecusation followed from the
consideration of managem2nt factors witinin the groups re-
preseanting differeat characteristics of the farm enter-
rrise. llanagement factors representing wmeasure o size of
operation which could bvest explain the veriation in net
incoue were either number of cows and total investuent or
nunber of cows and number of tillable acres.

Crop efficiency factors accerted because of their
superiority in explaining vcoriatiors in net income were a
combination of crop value per tillsble acre, soil value
ratinz, and percent cash crops or a comoination where crop
value was deleted and measures of yields, value, and land
utilization substituted.

Ilachinery expense per tillable acre was included as
a cost measure, while percent rented land represented a

measure of farm organization. ITuaber of tillable acres per
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cow and milk sold per man were messsures of intensity and
labor efficiency, respectively.

Livestock efficiency factors contrivuted 3 sets of
factors for consideration in the firal model. These sets
centered arounl the substitution of milk sold rer cow,
nilk price per cwt, rercert base nilk, ead milk fat pro-
duced per cow for dairy sales per cow. Dalry cattle incoue
per cow and livestock income per 3100 feed expense were in-
cluded in each of the sets. Values utilizing 4 percent
FClI s0ld or produced per cow failed to improve on the ab-
solute measure of quantity of milk sold when price was in-
cluded with it. Ii1lk sold was decidedly better than milk
rroduced in explaining veriations in net income. The meas-
ure of housing ard improvement costs per cow and the re-
placement stock to cow ratio failed to add to the exrlana-
tion of variation in net irncome.

Feed factors measuring quantities of jrain, roughage,
TDX, and averaje feed cost were unable to explain additional
variation in net income when in the presence of milk sold
and livestock income per %100 feed expense., In arriving at
the arpropriate factors to use as a measure of livestock
efficiency, the various feed factors were correlated with
wilk production rsr cow. A4S units of feed increased milk
production was found to increase at a decreasing rate. This

was in accordance with the concept that increased cuantities
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of a variable input in the preserce of a fixed input will
eventually cause a decrease in the input-output ratio.

The rrediction equztion accernted was ithe one with
ipble

the lariest coefficient of delterwination wihen all ros

Py

w

combinations of grours were concildered. The eguation ac-
cepted was one which considered net income zs a function of
numder oif cows, tillable acres, crop value per tillable ucre,
soil value ratinz, percent cash crops, machincry excense per
tillable acre, percent rented lend, number of tillsble acres
per cow, milk sold rer man, milk sold per cow, milk rrice
per cow, prercent base wilk, dalry cattle income per cow,
and livestock incore per 100 feed expense. The coefficient
of determination was .753%1 with a standard error of esti-
mate of $2,577 when the wmean net income was $3,174.

The relative importance of the manajement fectors
was rpresented by a measure ¢f the direct and indirect ef-
fect of Tthe irdividual factors on net income. The compu-
tation of the factor was such that effect of a linear func-
tion was the scuare of the beta weizht, and the effect of
a curvilinear function was equal to the sum of the scuare
of the beta weizghts plus or minus two times the covariance
of a variable and its scuare.

Size factors accounted for 238 percent of the total
direct and indirect effect of the factors on net income.

The greater porticn of this effect was attributed to ruuber
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of tillable acres. leasures of crop efficiency were cre-
dited with 25 percent of the total computed eflfect on ret
income, with crop value per acre explaininsg 38 percent of
this total and percent cash crops explainin:y 10 percent.

Soil value ratinz contributed livtle to the total effect.

llachinery ex.ense per tillable acre proved to be

more 1lmportant than rreviously indicated wien the factor wa

sinularly correlated with net income. This cost factor

accounted for 1l perczert of the tofal direct and indirect

effect of the managewent factors on nzst income. The effect

of either percent rentedlard or milk sold per man was in-
consequential when considered in the presence of the other
ranagecent factors. The number of tillable acres per cow
accounted for 4 rercent of the total computed effect.

The farm manasement factors which measure livestock
efficiency contriouted 29 percert of The total direct and
indirect effect of the factors on nct incowe. Livestock
income per 100 feed exiense was credited with the najor
portion of this effect. The makxe-up of this management
factor which considers total livestock income and feed ex-
rense apteared to have mnasxed tae effect of thae factprs
measuring output and price.

The effects of breed of cattle were considered.
Holstein herds followed the format of the entire sw.ple,
while Jersey and/or Guernsey herds crelited larger eiifects

to size and crop eificiency factors and less to livestock

efificiency factors.

o
p=l
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Appendix Table 6
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Range in Values CObserved for Farm Management Factors.

Cooperating MNichigan Dairy Farms, 1041 Farm Record Years,

1658-1962.
Farm Lowest Highest
Management Value Value

Factors Cbserved Observed
X, Net Income -$3,483 %39,108
X, Total Investment $9,927 $324,926
X5 Number of Cows 9.9 215.7
X, Tillable Acres 60 666
X5 Number of Lien 0.8 6.0
X, Crop Value/T.A. $15 $1l21
X7 Crop Yield Index 32 165
Xy Crop Acre Value 31 %98
X9 Soil Value Rating $35 $300
XlO Fertilizer Cost/T.A. $0.00 %20.96
X4 % Tillable Acres Idle 0% 4.9%
X5 % Cash Crops 0.0% 61.9%
X13 Machinery Cost/T.A. $5.07 $55.85
Xl4 % Lvst. Income from Dairy 71% 100%
Xl5 % Rented Land 0.0% 100.0%
Xl6 Number of T.A./Cow 1.1 15.%
Xl? Number Cows/lan 7.0 47.9
X;g Milk Sold/lan 70,938 1lbs. 512,852 lbs.
X 49 FCN Sold/lian 49,407 1lbs. 490,343 1bs.

[
\O
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Appendix Table 7

Ranze in Values Observed for Farm lianagement Factors
Cooperating Michigan Dairy Farms, 1041 Farm Record Years,
1958-1962.

1

Farm Lowest Highest
Management Value Value
Factors Observed Observed
X2O Dairy Sales/Cow $212 %611
X, Nilk Sold/Cow 5,396 1lbs. 15,179 1bs.
X5, Milk Produced/Cow 5,533 lbs. 16,174 1bs.
X23 4% FCLl Sold/Cow 5,289 1lbs. 14,335 l1bs.
X24 475 FCl Produced/Cow 5,138 1lbs, 15,394 1lbs.
X25 i1k Fat/Cow 185 1bs. 595 1bs.
X5p Milk Price/CdT S2.43 $#5.66
X27 4% FCL Frice/CuT $2.58 $5.05
X5g Improvements/Cow P4 $L,424
X29 Replacement:Cow Ratio 0.0 2.75
XBO % Base Milk 22.4% 554 5%
XBl Cattle Income/Cow =524 $4CS
X5, Lvst. Income/$ Feed 81 $375
X;5 Feed Cost/Cow 45 %504
X54 Average Feed Cost $111 $290
X55 Fercent Cows in Iilk 74.1% 95.3%
X56 Days on Pasture 0] 217
X57 Grain/Cow 1,000 1lbs. 7,453 1bs.
X58 Hay Equivalent/Cow/Day 14 1bs. 55 1lbs.
X59 TDN/Cow/Day 1%3.5 1bs. 4.4 1bs.

For farm management factors with D.H.I.A. only as the

source of data, the farm record years are limited to 8l4.






«JOM USE ONLY







MICHIGAN STATE UNIV.

JCICT

3




