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SUMMARY 

The object of this study is to determine (1) how 
scarce feed and other resources should be allocated 
between livestock enterprises and (2) which man­
agement practices or levels should be selected on 
farms producing a given feed supply. The situation 
selected for study is an average of 160-acre farms 
in northeast Iowa which have supplementary dairy 
and poultry enterprises (i.e., where these two en­
terprises are not on a large-scale or commercial 
basis). The cropping program on these farms re­
sults in production of 2,652 bushels of corn, 1,230 
bushels of oats, 120 bushels of soybeans and 68 
tons of forage from pasture and hay land. In addi­
tion, optimum programs have been worked out 
with only 48 tons of forage to determine the ef­
fects of restriction in this resource on enterprise 
combinations. Soybeans are considered to be sold 
for cash, while grain can be either fed to livestock 
or sold. 

Linear programming techniques are used in de­
termining the most profitable management prac­
tices and resource allocations or enterprise com­
binations. In the major solutions, 43 activities or 
investment opportunities were included: dairy 
cows of above-average ability, average ability and 
below-average ability, each fed five different hay­
grain combinations and using competitive labor; 
spring pigs of _ above-average, average and below­
average efficiency; fall hogs with these same levels 
of efficiency; poultry with these three levels of 
efficiency, using competitive labor; beef cows; 
dairy cows as outlined above but using supple­
mentary labor; and poultry as outlined above but 
using supplementary labor. Several different cap­
ital situations also were included in the optimum 
solutions. 

With capital limited to very small amounts, the 
most profitable farm organization included 27 lit­
ters of spring pigs of above-average efficiency. 
This enterprise could out-compete all other enter­
prises for the· use of scarce funds. Excess grain 
would be sold for cash. Hay would be sold or go 
unused. With 48 tons of forage and $2,500 or more 
in capital, the optimum program would include two 
dairy cows and 37 litters of spring pigs. With 
$2,500 or more in capital and 68 tons of forage, the 
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optimum plan included five dairy cows and 37 lit­
ters of spring pigs. With part of the labor set aside 
as a supplementat·y supply for dairy and poultry 
enterprises, the plan should include four dairy 
cows, 25 litters of spring pigs, four litters of fall 
pigs and 176 laying hens, plus chickens raised for 
replacement. 

Regardless of the resource situations studied, 
the most profitable plan never included livestock 
or poultry of average or below-average efficiency. 
Even with the most severe restrictions on resource 
supplies, the most profitable plan always included 
above-average dairy cows, hogs and poultry. How­
ever, the optimum level of grain feeding for dairy 
cows did vary between resource situations because 
of the competition of the various enterprists for 
grain and other resources. 

With risk considerations forced into the linear 
programming solutions, the following enterprise 
combinations resulted: (1) eight dairy cows, 12 
spring litters, 12 fall litters and 100 hens, with a 
complementary number of chickens raised for re­
placement, were included under the situation with 
$2,500 capital where dairy and poultry were 
"forced" into the solutions to give greater income 
stability; (2) four dairy cows, 16 spring litters, 16 
fall litters and 17 4 hens were included where fall 
and spring litters were "forced" into a 1 :1 ratio to 
spread price risks. With space limitations on hogs, 
the optimum enterprise combination included six 
dairy cows, 19 spring litters, eight fall litters and 
as many as 287 hens. Plans with (a) restrictions 
on hog capacity or (b) risk precautions to meet 
uncertainty result in income of $1,000 to $1,500 
less from the same resources. 

The analysis of this study shows how resource 
limitations cause the best enterprise combination 
and the best management practices to differ-de­
pending on the supply of grain, forages, capital, 
building space and competitive or supplementary 
labor. It shows that there is not an optimum set of 
livestock enterprises or management practices 
(i .e., level of grain feeding) for all farms, but that 
recommendations should differ between farms de­
pending on their capital and labor situations, as 
well as on their ability to stand risks. 



Optimum Combinations of Livestock Enterprises 
and Management Practices on Farms 
Including Supplementary Dairy· and 

Poultry Enterprises1 

(An Application of Linear Programming) 

BY EARL 0. H EA DY AND J. C. GILSO 

How feed resources should be allocated between 
different classes of livestock is a problem in all 
areas of Iowa. However, it is a problem of particu­
lar importance in northeast Iowa. Previous investi­
gations show that this is the main feed-importing 
area of the state. Normally, the so-called northeast 
dairy area uses a third more feed grain than it pro­
duces. This is in contrast to other areas of the state 
which export feed grains (i.e., produce more feed 
grains than are required for livestock produced in 
the area). Yet, not all fa1·ms purchase feed grains 
in northeast Iowa. The greatest number of farms 
in this area tend to center their livestock produc­
tion around the feeds grown on the farm. This 
question then arises: What proportions of various 
feeds grown on the farm should be allocated to the 
different classes of livestock to maximize profit on 
farms where dairying is a supplementary ente1·­
prise? 

Numerous hypotheses have been proposed as 
possible answers to this question. It is sometimes 
suggested that since forage crops grow rather 
abundantly, while grain acreage is limited in north­
east Iowa, farm management plans should center 
around dairy cows to consume a maximum of for­
age-with as much grain as possible going to hogs 
as more efficient converters of this type of feed. 
A further hypothesis along this same line is: 
Where forages are abundant and grains are limit­
ed, the dairy cows might well be those with less 
inherent ability. Cows of this nature might com­
pare favorably with better cows in utilization of 
roughages on low-grain rations, but would require 
less capital and, hence, allow a greater swine enter­
prise. 

A few farmers have suggested that profits 
might be maximized if the farm plan includes two 
main livestock enterprises, dairy and hogs. The 
milk cows would be fed no grain, with the entire 
corn production being fed to hogs and chickens. At 
the other extreme, it is sometimes suggested that 
optimum utilization of given feed stock can be 
accomplished best by high-grade dairy cows. This 
hypothesis arises because the maintenance require­
ments are similar for cows, regardless of the 
amount of milk produced. 
1 Project 1135, Iowa Agricultural Experiment Station. 

Hence, with maintenance as a cost, should a 
farm with given feed stock allocate a large propor­
tion of the grain to high-producing cows, with the 
hog enterprise curtailed accOl'dingly? How should 
livestock enterprises be combined, and what man­
agement practices should be adopted to maximize 
profit from given resources? How do price changes, 
such as a relative lowering of dairy support prices, 
affect these answers? 

OBJECTIVES 

The main objectives of this study are to provide 
answers to the questions posed above. The study 
attempts to determine the combination of livestock 
enterprises and patterns of feed allocation which 
result in maximum prnfits for a typical farm with 
typical feed supplies in northeast Iowa. 

FARM SITUATIO A D PROCEDURE 

The major farm situation selected for analysis 
includes 160 acres with the following average an­
nual feed supplies : com, 2,652 bushels; oats, 1,230 
bushels ; soybeans, 120 bushels; rotated hay, 68 
tons used as hay or pasture (of which permanent 
pastUl'e produces the equivalent of 20 tons of hay). 
Fifteen acres of land were considered to be devoted 
to farmstead, lots, rnads, fences, trees and other 
non-crnp uses. The figures are based on assessors' 
records for 160-acre farms in seven counties: 
Mitchell, Floyd, Chickasaw, Butler, Bremer, Black 
Hawk and Buchanan. In addition to the feed and 
land resources outlined above, labor and capital 
resources were considered as they relate to the 
optimum farm management plan. 

OPPORTUNITY COST PRINCIPLE 

Fundamental considerntion in this study is given 
to management practices within each of several 
alternative livestock enterprises. However, over­
all farm production decisions ultimately should be 
based on more than pal'tial analyses of this type. 
The farmer fo1·mally or informally must decide the 
optimum combination of livestock enterprises for 

713 



his farm. Several complex, interrelated factors in­
fluence this decision. 

The opportunity cost principle is perhaps the 
greatest single consideration in the choice of an 
optimum livestock combination. This principle im­
plies that a farmer should, if he wishes maximum 
profits, use each unit of scarce resources in those 
enterprises yielding the greatest return. Given a 
limited quantity of grain, for example, would it 
pay the farmer to invest all the grain in pigs or 
should he feed the grain to both pigs and dairy 
cows? The final choice, of course, depends on the 
relative returns from the two enterprises. 

The same allocation principle applies to other 
scarce resources, such as labor or capital. It usually 
is not practical to consider the opportunity cost 
principle for any one resource in isolation. Rather, 
an optimum choice requires that the opportunity 
cost principle be applied simultaneously to the mul­
titude of scarce resources. 

One basic aspect of the choice of any optimum 
livestock combination is that of enterprise inter­
relationships. The three basic types of inter-rela­
tionships are : (1) competitive, (2) supplementary 
and (3) complementary. On most farms livestock 
enterprises are competitive with respect to avail­
able grain. Yet a dairy enterprise fed entirely on 
forage would not necessarily conflict with a hog 
enterprise fed on grain. Generally, a small farm 
poultry flock is considered supplementary to other 
enterprises in use of labor. Quite frequently, only 
the time of the housewife is invested in the poultry 
enterprise. On some farms both dairy and poultry 
are considered supplementary enterprises with re­
spect to available labor. Hog enterprise emphasis 
may be in the spring when there is a peak demand 
on labor; or it may be a supplementary enterprise 
in the fall when labor otherwise would remain un­
used. 

LINEAR PROGRAMMING APPLICATION AND 
MULTIPLICITY OF PLANS 

The farm with several categories of feeds which 
are limited in supply, a given amount of labor in 
each month and limited capital has many plans 
available. For example, the farm with 3,000 bush­
els of grain can, using a bushel as the unit, allocate 
this feed in 3,000 different ways between two en­
terprises, such as hogs and dairy cows. All of the 
grain can be used for hogs, all for dairy cows, half 
for each enterprise or any other possible combina­
tion. If the same farm has 200 hours of labor avail­
able for livestock in June, the time (if the unit is 1 
hour) can be used in 200 different ways. If we con­
sider grain and June labor together, there are 200 
x 3,000 or 600,000 different ways to allocate or 
combine these two resources for these two enter­
prises. 

1 
Hence, considering the fact that the farmer us­

ually has more than two enterprises and more than 
two resources, he has a very great number of pos­
sible plans available. The one plan which maxi­
mizes profits can be determined-subject to the 
techniques considered, the supply of resources 
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available and the prices for products and resources 
-by a mathematical procedure called linear pro­
gramming. The linear programming technique al­
lows the limitations of each resource to be consid­
ered in specifying· the optimum plan. 

Farms with the same soil type may differ in the 
crop and livestock plan which will maximize pro­
fits because these farms have different quantities 
of labor, capital funds or managerial skills. A 
farmer with very limited capital may find that 
funds (rather than labor, feeds or building space) 
limit his program. In this case, the program which 
gives greatest profit will be the one which gives 
highest returns on capital. 

However, if sufficient capital is available, the 
enterprises combination may revolve around the 
limited labor supply of one particular month. One 
plan or enterprise may be expanded until the labo1· 
of this month becomes exhausted; the plan then 
will need to expand enterprises which use more 
labor from another month. This process may con­
tinue until plans are fitted to the labor supply of 
each month, with the possibility that the most pro­
fitable plan calls for labor to go unused in some 
months. · 

If the supply of labor also is sufficient, land or 
building space may provide the limiting resource 
around which plans must be built. If hogs use corn 
most profitably, this enterprise may be expanded 
until the corn supply is exhausted. However, the 
availability of forage may cause use of some grain 
by dairy cows to be profitable, rather than using 
the entire supply for hogs. When labor of a partic­
ular month is sufficiently limited, profits may be 
maximized by using a portion of the grain for poul­
try; if the poultry uses labor in other, non-limita­
tional months. 

LIVESTOCK ENTERPRISES, MANAGERIAL 
LEVELS AND RESOURCE SITUATIONS 

To answer the question of whether it might be 
profitable to keep cows of low ability to consume 
mostly forage, and an efficient hog enterprise for 
grain utilization, several different productivity 
(or management) levels were considered for the 
several enterprises. These different levels of pro­
ductivity or management also were used to deter­
mine production levels for the most profitable en­
terprises. In addition to considering three levels of 
management for dairy cows, hogs and chickens, 
five levels of grain feeding were considered for 
dairy cows. These several levels of grain feeding 
were used to determine whether or not the most 
profitable farm organization is one with most of 
the grain going to hogs and forage going mainly 
to dairy cows. In this way, the procedure allowed 
various levels of grain feeding to be considered as 
possibilities in the most profitable plan. 

In the main analysis, hog, poultry and dairy en­
terprises were considered the competitive enter­
prises for all resources. However, for some situa­
tions poultry was considered a supplementary en­
terprise in the use of housewife labor if housewife 



labor is set aside for poultry. In another part of the 
study, the dairy enterprise also is considered sup­
plementary in the use of some labor. (It is non­
competitive with other enterprises for a particular 
amount of this resource.) An enterprise can, of 
course, be supplementary only to the limits of the 
resource for which it is noncompetitive. Finally, a 
beef cow enterprise has been added in one part of 
the analysis. This enterprise was introduced to ex­
amine this possibility: If hogs can use all of the 
grain profitably, can beef cows use the remaining 
forage, labor and capital more efficiently than 
dairy cows? 

COMPETITIVE DAIRY ACTIVITIES 

Considering (1) the several levels of manage­
ment (productivity) for the different enterprises 
and (2) the various levels of grain feeding for 
dairy cows, the linear programming analysis in­
cludes a total of 43 activities or investment alter­
natives. The dairy enterprises are: 

P ,: Above-average dairy cow fed a high forage ration of 
8.45 tons of hay equivalent and 520 pounds of grain. Milk 
production of 6,128 pounds. Each unit of output is consid­
ered to be 100 pounds of milk, 2.77 pounds of veal calf and 
5.30 pounds of cull cow. 

P ,: Above-average dairy cow fed a high-forage ration of 
7.76 tons of hay equivalent and 1,036 pounds of grain. Milk 
production per cow of 6,950 pounds. Unit output includes 
100 pounds milk, 2.44 pounds veal calf and 4.67 pounds cull 
cow. 

P a: Above-average dairy cow fed 7.11 tons of hay equiva­
lent and 1,940 pounds of grain. Milk production of 7,650 
pounds. Unit output includes 100 pounds milk, 2.22 pounds 
veal calf and 4.24 pounds cull cow. 

P,: Above-average dairy cow fed 7.01 tons of hay equiva­
lent and 2,374 pounds of grain. Milk production of 8,300 
pounds. Unit output includes 100 pounds milk, 2.04 pounds 
veal calf and 3.91 pounds cull cow. 

P . : Above-average dairy cow fed 6.80 tons of hay equiva­
lent and 2,894 pounds of grain. Milk production of 8,850 
pounds. Unit output includes 100 pounds milk, 1.92 pounds 
veal calf and 3.67 pounds cull cow. 

P . : Average dairy cow fed 7.38 tons of hay equivalent and 
520 pounds of grain. Milk production of 5,200 pounds .. Unit 
output includes 100 pounds milk, 3.26 pounds veal calf and 
5.53 pounds cull cow. 

P , : Average dairy cow fed 6. 73 tons of hay equivalent and 
963 pounds of grain. Milk production of 5,700 pounds. Unit 
output includes 100 pounds milk, 2.98 pounds veal calf and 
5.05 pounds cull cow. 

P . : Average dairy cow fed 6.46 tons of hay equivalent and 
1,734 pounds of grain. Milk production of 6,150 pounds. 
Unit output includes 100 pounds milk, 2.76 pounds veal calf 
and 4.68 pounds cull cow. 

P . : Average dairy cow fed 6.22 tons of hay equivalent and 
2,146 pounds of grain. Milk production of 6,500 pounds. 
Unit output includes 100 pounds milk, 2.61 pounds veal calf 
and 4.43 pounds cull cow. 

P ,o : Average dairy cow fed 6.11 tons of hay equivalent and 
2,264 pounds of grain. Milk production of 6,800 pounds. 
Unit output includes 100 pounds milk, 2.50 pounds veal calf 
and 4.23 pounds cull cow. 

P 11 : Below-average dairy cow fed 6.87 tons of hay equiva­
lent and 520 pounds of grain. Milk production of 4,200 
pounds. Unit output includes 100 pounds milk, 4.04 pounds 
veal calf and 5.95 pounds cull cow. 

P 12 : Below-average dairy cow fed 6.46 tons of hay equiva­
lent and 937 pounds of grain. Milk production of 4,550 
pounds. Unit output includes 100 pounds milk, 3.73 pounds 
veal calf and 5.49 pounds cull cow. 

P ,a : Below-average ~airy cow fed 6.17 tons of hay equiva­
lent and 1,315 pounds of grain. Milk production of 4,800 
pounds. Unit output includes 100 pounds milk, 3.54 pounds 
veal calf and 5.20 pounds cull cow. 

P u : Below-average dairy cow fed 5.95 tons of hay equiva­
lent and 1,635 pounds of grain. Milk production of 5,000 
pounds. Unit output includes 100 pounds milk, 3.40 pounds 
veal calf and 5.00 pounds cull cow. 

P ,. : Below-average dairy cow fed 5.92 tons of hay equiva­
lent and 1,813 pounds of grain. Milk production of 5,150 
pounds. Unit output includes 100 pounds milk, 3.30 pounds 
veal calf and 4.85 pounds cull cow. 

The feed, labor and other input items per head 
cited above, and the coefficients shown later in 
table 4, include resources required for replacement 
and breeding stock. The grain per dairy cow thus 
includes feed for young replacement stock as well 
as feed for milk production. Feed per unit of poul­
try product includes feed for the hen plus that for 
(a) young chicks to be marketed and (b) young 
chicks used for replacement stock. The 120 pounds 
of forage input per 100 pounds of pork, shown 
later in the input-output table, includes pasture (a) 
actually consumed by the pig and (b) wasted in 
using pasture ground for sanitation purposes.;"' . 

Input-output coefficients shown later include re­
quirements for replacement stock. Some use of 
near-waste feeds (cornstalks, etc.) is assumed, 
with a greater proportion of the feeds for lowE>r 
producing cows. Only forage represented as regu­
lar hay and pasture is included in the above fig­
ures, with the assumption that some of this actu­
ally is wasted but that it has to be charged against 
the class of livestock and subtracted from the total 
feed supply. The unit outputs shown are those for 
which prices are quoted later. For the entire dairy 
herd, the product sold includes veal calf and cull 
cow as well as milk or butterfat. Protein feed re­
quirements, which increase with milk level, are 
included in the cash expenses shown in the later 
table of input-output coefficients. 

COMPETITIVE HOG ACTIVITIES 

The hog enterprises or activities are: 

P 10 : Above-average spring hogs f ed 305 pounds grain and 
supplem ent per 100 pounds pork produced; 6.6 pigs saved 
per litter. Pigs raised on pasture. Unit output includes 81 
pounds market hog and 19 pounds sow. 

P 1, : Average spring hogs fed 390 pounds grain and sup­
plement per 100 pounds pork produced; 6.5 pigs saved p er 
litter. Pigs raised on pasture. Unit output includes 80 
pounds market hog and 20 pounds sow. 

P 18 : Below-average spring hogs fed 493 pounds grain and 
supplement per 100 pounds pork produced; 5.9 pigs saved 
per litter. Pigs raised on pasture. Unit output includes 79 
pounds market hog and 21 pounds sow. 

P u : Above-average fall hogs fed 345 pounds grain and 
supplement per 100 pounds pork produced; 6.7 pigs saved 
per litter. Pigs raised in drylot. Unit output includes 81 
pounds market hog and 19 pounds sow. 

P ,o : Average fall hogs fed 430 pounds grain and supple­
ment per 100 pounds pork produced; 6.5 pigs saved per 
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litter. Pigs raised in drylot. Unit output includes 80 pounds 
market hog and 20 pounds sow. 

P n: Below-averag~ fall hogs fed 538 pounds grain and 
supplement per 100 pounds pork produced; 6.0 pigs saved 
per litter. Pigs raised in drylot. Unit output inc}udes 79 
pounds market hog and 21 pounds sow. 

Marketing weight used for market hogs is 225 
pounds; this is the most common marketing 
weight. It was assumed that spring pigs used the 
equivalent, in pasture, of 120 pounds hay per 100 
pounds of pork produced. While the hogs may not 
consume this amount, the rnst would be lost to hay 
production. 

COMPETITIVE POULTRY ACTIVITIES 

The competitive poultry activities are as follows: 

P 22: Above-average poultry with 195 eggs per hen; 12 per­
cent death loss for hen s and 14 percent for replacement 
flock; 125 chicks purchased per 100 hens and 11 percent of 
pullets culled. Unit output includes 10 dozen eggs and 2.74 
pounds meat. 

P ,a : Average poultry with 165 eggs per hen; 15 percent 
death loss for hens and 18 percent for replacement flock; 
125 chicks purchased per 100 h ens and 7 percent of pullets 
culled. Unit output includes 10 dozen eggs and 3.01 pounds 
meat. 

P ,. : Below-average poultry with 125 eggs per hen; 15 per­
cent death loss of hens and 22 percent for replacement 
flock; 125 chicks purchased per 100 hens and 3 percent of 
pullets culled. Unit output includes 10 dozen egg_s and 3.80 
pounds meat. 

BEEF ACTIVITY 

The beef cow and calf enterprise is as follows: 

P, r.: Average beef cows with calves sold as good to choice 
feeders at 400 pounds; replacement of cows every 8 years 
and 90 percent calf crop. Unit output includes 67 pounds 
feeder calf and 33 pounds cull cow. 

SUPPLEMENTARY ACTIVITIES FOR POULTRY 
AND DAIRY 

For situations where supplementary labor is 
used for (1) poultry and (2) poultry and dairy, 
the following enterprises or activities also are in­
cluded: 
P , 0 : Above-average poultry as denoted above except this 
poultry enterprise is now considered supplementary for the 
labor listed as type B in table 2. It is used in planning only 
for situations Sau, Sa; and Sas in table 3. 

P 27 : Same as P ,o except it is average poultry for s ituations 
Sae, Sn and Sas, 

P ,.: Same as P , . except it is below-average poultry for 
situations S:10, Sa, and Sas, 

P ,. through P .,a : These 15 dairy enterpri ses are, in numer­
ical order, identical with the 15 dairy enterpri ses listed 
above as P 1 through P is, r espectively. They do not, how­
ever compete with other enterprises for labor but use the 
labo~ supply denoted under type C of table 2. Hence, this 
dairy enterprise is considered supplementary in the use of 
labor listed under type C. Activities P ,. through P '" are 
used in solutions, along with activities P ,o, P ,. and P ,s 
above, as well as the previous 25 activities, in situations 
Sao, S,o and Sn of table 3. 

PRICES USED 

The above 43 alternative activities or enterprises 
(P1 through P 43 ) were allowed in some or all situ­
ations as alternatives to which given resources 
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could be allocated in determining the maximum 
profit plan. Maximum profit plans were worked 
out for several price situations. The price situa­
tions used were: (1) 1953 prices with milk sold as 
grade A, (2) the average of 1949-53 prices with 
milk sold as grade A, (3) the average of 1949-53 
with grade B milk sold at condensory prices and 
(4) the average of 1949-53 prices with milk priced 
at 75 percent of parity for grade A. The net unit 
prices (market prices per unit less cash variable 
costs per unit) used under these situations are sup­
plied in table 1. The magnitude of the net unit 
prices (see earlier discussion of activities and unit 
outputs) depends on the composition of the unit 
and the magnitude of the variable costs. For ex­
ample, the net unit price of an average dairy prod­
uct is higher than for the above-average dairy pro­
uct because the former includes a greater amount 
of cull cow and veal calf with each 100 pounds of 
milk sold. 

RESOURCE SITUATIONS 

In determining optimum plans for farmers who 
have different quantities and combinations of re­
sources, the resource situations listed below are 
those used in the linear programming or planning 
computations. In each case, the quantity of capital 
refers to that above the requirements for crop pro­
duction. It refers to capital beyond that required 
for land, permanent buildings, machinery and an­
nual crop expenses. Remember that land is con­
stant at 160 acres and feed resources include the 
equivalent of 3,267 bushels of com (including oats 
converted to corn) and 68 tons of hay (including 
hay harvested ::md the hay equivalent, in tons, of 
the pasture) . For a few resource situations, hay 
and pasture supply was limited to 48 tons of hay 

TABLE 1. NET UNIT PRICES USED IN DETERMINING MOST PRO­
FITABLE ALLOCATION OF RESOURCES (MARKET 
PRICE PER UNIT OUTPUT MINUS VARI ABLE CASH 
EXPENSE PER UNIT OUTPUT) .• 

Price level 

Enterprise or 1953 ; 1949-53; 1949-53; 1949-53; 
activity g r ade A grade A grade B 75 % parity 

milk milk milk for milk 

P, da iry 3.83 4.69 3.84 3.99 
P, dairy 3.67 4.4 8 3.63 3.78 
P a dairy 3.70 4.46 3.61 3.76 
P, dairy 3.69 4.40 3.55 3.70 
P ; da iry 3.67 4.37 3.52 3.67 

P o dairy 3.93 4. 84 3.99 4.14 
P; dairy 3.76 4.62 3.77 3.92 
Ps dairy 3.76 4.59 3.74 3.89 
P o dairy 3.77 4.56 3.71 3.86 
P 10 da iry 3.75 4.52 3 .67 3.82 

Pu dairy 4.02 5.02 4.17 4.32 
P 12 dairy 3.86 4.82 3.97 4.12 
P ia dairy 3.87 4.80 3.95 4.10 
p14 dairy 3.89 4.78 3.93 4.08 
P1. 5 dairy 3.88 4.75 3.90 4.05 

P in hogs 17.79 14.15 14.15 14 .15 
P!i hogs 17.66 13.90 13.90 13.90 
p ,. hogs 17.28 13.23 13.23 13.23 
Pio hogs 17.06 13.79 13.79 13.79 
Peo hogs 15.34 13.76 13.76 13.76 

P21 hogs 16.49 13.47 13.47 13.47 
Pe, poultry 2.54 2.12 2.12 2.12 
P23 poultry 2.29 1.86 1.86 1.86 
p ,. poultry 2.08 1.66 1.66 1.66 
P2, beef 17.87 19.87 19.87 19.87 

* Labor costs ha ve not been subtracted in computin g these net unit 
prices. H owever, in the lin ear programming computations with unlimited 
capita l a nd unlimited labor, th e va lue of labor has been t reated as a cash 
expense and subtracted from unit prices to determine net unit prices. 



TABLE 2. HOURS OF LA BOR P E R MONTH FOR THE THREE TYPES OF A V A ILABLE L IVESTO CK L ABOR SITUATIONS. 

T ype A T ype B TYPe C 
A va ila ble labor A va ila ble labor Available labor 

Mo nth All 
competit ive Competi t ive S upple menta ry Com Aetitive S uppleme ntary Supplementary 
en terprises e nterp rises 

Janua ry 30 1.0 270.0 
February 298. 0 270.0 
March 284.2 237.7 

April 203.9 158 .9 
May 195 .1 133.l 
June 295 .9 235.9 

Jul y 244.3 182.3 
August 360.7 298.7 
S epte mbe r 299.6 254.6 

October 194.1 147. 6 
N ovembe r 159.8 129.8 
Decembe r 268.2 237.2 

equivalent. This step was taken to ~xam~ne the e!­
fect of different ratios of farm-raised feed gram 
and hay on optimum livestock plans. The capital­
labor situations used are: 

1. Capital limited to $1,500 for livestock and 
labor as follows: 270 hours per month for the op­
erator; 140 hours during June, July and August 
for another family member and 11/2 hours of 
housewife labor per day except for November, De­
cember January and February when only 1 hour 
per day would be available. From this total labor 
supply, the amount needed to produ<:e the crops on 
the farm was subtracted. The remamder was con­
sidered available for livestock. For some situations, 
the poultry enterprise was considered supplemen­
tary to other enterp1·ises in use of housewife labor 
nnd some additional family labor. For other plan­
ning situations, all labor including that of _the 
housewife was added together and all enterpnses 
considered to be competitive. In a few cases, some 
labor was "held out" of the total supply to allow 
consideration of dairying as a supplementary en­
terprise in use of labor. Hence, the total labor by 
months becomes that in table 2. Under type A, all 
enterprises are competitive for labor. Under type 
B poultry is supplementary for the labor listed; 
h~usewife and some additional family labor cannot 
be used for other enterprises, but poultry can com­
pete for labor listed for other competitive ent~r­
prises. Under type C, some operator and family 
labor is available as supplementary labor for the 
dairy enterprise. The dairy enterprise can use 
other labor but other enterprises cannot use the 
supplementary labor available for dairying. Under 
type C, poultry again has some supplementary 
labor for which other enterprises do not compete. 

2. Capital limited to $2,500 for livestock and 
labor as outlined above. 

3. Capital limited to $4,000 for livestock and 
labor as outlined above. 

4. Capital limited to $6,000 fo r livestock and 
labor as outlined above. 

5. Capital unlimited and labor unlimited. 

poul try enterprises poultry dairy 

31.0 192.5 77.5 31.0 
28 .0 200 .0 70 .0 28 .0 
46.5 160.2 77.5 46.5 

45 .0 83 .9 75.0 45.0 
93.0 55.6 77. 5 62.0 
90.0 160 .9 75.0 60.0 

62.0 104.8 77 .5 62.0 
62.0 221.2 77.5 62.0 
45 .0 179.6 75.0 45.0 

46.5 70. 1 77 .5 46.5 
30.0 54.8 75.0 30.0 
31.0 159 .7 77. 5 31.0 

In addition a few other combinations were used 
where labor ~r capital was, or was not, limited. 
Feed supplies are limited in the quantitie_s men­
tioned previously, even when labor and capital are 
not limited. A total of 41 linear programmmg solu~ 
tions were completed for these resource-price situ­
ations which do not include space limitations for 
hogs. In addition, optimum programs were ~OJ?­
puted for 16 more situations with hog space hm_it­
ed or "risk restraints" placed on the enterprise 
combinations. The linear programming solutions 
thus total 57. 

The resources for the first 41 situations are list­
ed in table 3. Each of the first 41 situations is de­
noted as "S" with an appropriate subscript to facil­
itate later identification. In cases of a zero in the 
supplementary poultry and dairy coluJ?nS, all ~n­
terprises compete for the labor shown m the third 
column (which is the monthly aver~ge for type /'1-
labor in table 2). In cases where a figure occurs m 
the supplementary poultry column, all enterprises 
compete for labor in the third column, ~ut, in ad~i­
tion poultry alone can use the housewife labor m 
the fourth column (i .e. , poultry is a supplementary 
enterp1·ise for this labor which is a monthly aver­
age of the housewife labor of type Bin table 2). In 
cases where a figure occurs in the fifth column, all 
enterprises compete for the labor in the third col­
umn; poultry alone can use the labor of the ~ourth 
column, and dairy alone can use the labor m the 
fifth column. 

Hence the 43 situations or solutions can be 
classified as follows: Situations S1 through Ss2 in­
clude 15 dairy enterprises, three fall hog enter­
prises, three spring hog enterprises and three 
poultry enterprises-all of. which compete for t)1e 
labor supply shown. Situations S33 through S3s m­
clude the 24 enterprises mentioned above plus the 
beef cow enterprise, P2:; . Situations Sac, Ss1 and Sas 
include the same 24 competitive enterprises as un­
der S1 through S32 but also include three poultry 
enterprises (P26, P 2, and P 2S ) which alone use the 
supplementary housewife labor. In other words, 
poultry can compete with the other enterprises for 
operator labor, but it alone uses housewife labor. 
Situations S39, S40 and S41 include the same 27 en-
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terprises as situations S36 through S38 and also in­
clude 15 dairy enterprises (P29 through P 4a) hav­
ing some supplementary family labor for which 
other enterprises do not compete. On the basis of 
these resource situations and activities, some of 
the solutions include 43 activities and 39 resource 
supplies. The majority of solutions, however, in­
volve only 25 activities and 15 resource supplies. 

The quantities of capital refer to annual costs or 
expense capital. They do not refer to capital invest­
ment in livestock, supplies or buildings. The fig­
ures do, however, include the annual capital ex­
pense for these items. For example, the annual 
capital expense includes depreciation on cows, vet­
erinary fees, breeding fees, taxes, insurance and 
all other items for the dairy enterprise, including 
replacement stock. It also includes the annual de­
preciation and other costs of all equipment, build­
ings and materials used in production. The invest­
ment in these same assets would be considerably 
greater than the annual expense or production cap­
ital used in the resource situations. This classifi­
cation of capital was used to facilitate computa­
tions and because the assets themselves provide 
the chattel basis for obtaining investment capital. 
Also, it is supposed, for the purposes of this study, 
t~at the limits on investment capital are propor-

tional to the limits on production or expense capital. 
In each instance where an enterprise is listed as 

supplementary, it is supplementary only with re­
spect to the labor supply shown. Thus, supple­
mentary poultry and dairy enterprises compete for 
capital and labor only beyond the quantity shown 
under the supplementary column of table 3. Of 
course, poultry and fall hogs are supplementary in 
the use of forage; they use no forage. The beef 
cow enterprise is included as an alternative only 
when "yes" appears in the beef column of table 3. 
It is then competitive for all resources. 

While the average amount of labor available per 
month is shown for complementary and supple­
mentary enterprises in table 3, labor supplies and 
labor requirements have actually been computed 
for each individual month. In table 3 when no 
labor is shown for supplementary enterprises, 
poultry and dairy are considered to be competitive 
for use of this resource; they must compete with 
other enterprises for use of this resource. 

RESOURCE REQUIREMENTS OF INPUT-OUTPUT 
COEFFICIENTS BY ACTIVITIES 

The amounts of each resource required to pro­
duce one unit of output for each activity are shown 
in table 4. These input-output coefficients are 

TABLE 3. SITUATIONS OF RE SOURCE SUPPLIES FOR WHICH MOST PROFITABLE PLAN 
WAS DETERMINED BY LINEAR P ROGRAMMING. 

Average hours labor per month: 

Situation Capital Competitive Supplementary Supplementary Grain H ay 
enterprises poultry dairy (bu.) (ton) Beef Prices 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

S i 1,500 258 0 0 3,267 48 no 1953 ; g r ade A milk 
S 2 2,500 258 0 0 3,267 48 no 1953 ; grade A milk 
Ss 4,000 258 0 0 3,267 48 no 1953; grade A milk 
s. 6,0CO 258 0 0 3,267 48 no 1953; grade A milk 
s. 1,500 258 0 0 3,267 68 no 1953; grade A milk 

s. 2,500 258 0 0 3.267 68 no 1953; grade A milk 
S1 4,000 258 0 0 3,267 68 no 1953 ; grade A milk 
Sa 6,000 258 0 0 3,267 68 no 1953; grade A milk 
s. 2,500 258 0 0 3,267 48 no 1953; grade A milk 
S i o 4,000 258 0 0 3,267 48 no 1949-53; grade A milk 

S11 unlimi ted unlimited 0 0 3,267 48 no 1949-53 75 % parity milk 
S12 2,500 258 0 0 3,267 68 n o 1949-53 g rad e A milk 
S ia 4,000 258 0 0 3,267 68 no 1949-53 grade A milk 
s,. 6,000 258 0 0 3,267 68 no 1949-53 grade A milk 
Sis unlimited 258 0 0 3,267 68 no 1949-53 grade A milk 

S10 unlimited unlimited 0 0 3,267 68 no 1949-53 grade A milk 
S11 4,000 unlimited 0 0 3,267 68 no 1949-53 grade A milk 
Sis 6,000 unlimited 0 0 3,267 68 no 1949-53 gr ade A milk 
Sie 2,500 258 0 0 3,267 68 no 1949-53 75 o/o p a rity milk 
S 20 4,000 258 0 0 3,267 68 no 1949-53 75 o/o parity milk 

S 21 6,000 258 0 0 3,267 68 no 1949-53 75 o/o pa rity milk 
Sn unlimited 258 0 0 3,267 68 no 1949-53 75 o/o parity milk 
Sn unlimited unlimited 0 0 3,267 68 no 1949-53 75 o/o parity milk 

~~:: 2,500 unlimited 0 0 3,267 68 no 1949-53 75 o/o parity milk 
4,000 unlimited 0 0 3,267 68 no 1949-53 75 % parity milk 

S 20 6,000 unlimited 0 0 3,267 68 no 1949-53 7 5 o/o parity milk 
S 21 2,500 258 0 0 3,267 68 no 1949-53 gradeB milk 
S2s 4,000 258 0 0 3,267 68 no 1949-53 gradeB milk 
s,. 6,000 258 0 0 3,267 68 no 1949-53 grade B milk 
S ao unlimited 258 0 0 3,267 68 no 1949-53 75 % grade B milk 

S a, unlimited unlimi ted 0 0 3,267 68 no 1949-53 75 o/o grade B milk 
S a2 4,000 un limited 0 0 3,267 68 no 1949-53 75 % g rade B milk 
Ssa 2,500 258 0 0 3,267 68 yes 1949-53 g rade A milk 
s .. 4,000 258 0 0 3,267 68 yes 1949-53 g rade A milk 
s •• 6,000 258 0 0 3,267 68 yes 1949-53 gr ade A milk 

Sao 2,500 213 56 0 3,267 68 no 1949-53 grade A milk 
S 37 4,000 213 56 0 3,267 68 no 1949-53 grade A milk 
Sas 6,000 213 56 0 3,267 68 no 1949-53 grade A milk 
s •• 2,500 .136 76 46 3,267 68 no 1949-53 grade A milk 
s •• 4,000 136 76 46 3,267 68 no 1949-53 grade A milk 
Sn 6,000 136 76 46 3,267 68 no 1949-53 grade A milk 
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TA BLE 4. BASI C T A BLEAU SHOWING RESOU R CE R EQU IRE MENTS ( INPUT -OUTPUT COEFFICIENTS) 

T O PRODUCE O N E U NIT OF OUT P U T F OR TH E VARIOUS ENTE RPRISE S OR ACTIVITIES. 

A bove-average d airy 
R esou rce 

p .. . P o P, 
Corn (lb.) 8.48 16.9 24.9 28 .6 32 .7 10.0 23 .7 
H ay ( lb.\ 277 222 186 174 163 28 4 236 
Capita l ($) 1.23 1.22 1.09 1.03 0.98 1.34 1.29 
L a bor ( ho u rs) 

J an. 0.282 0.261 0 .242 0.238 0. 241 0.309 0.295 
F eb. 0.2 69 0.249 0.231 0.227 0.230 0. 295 0.281 
M a r ch I 0.282 0 .26 1 0 .242 0.238 0.24 1 0 .309 0.295 
April I 0 .243 0 .225 0 .209 0.205 0.208 0 .267 0.255 
May I 0.192 0.1 78 0.1 65 0.1 62 0. 164 0.2 1 l 0.20 1 
J une I 0. 154 0.1 42 0. 132 0.130 0.131 0.169 0 .161 
J u ly I 0.154 0. 142 0. 132 0. 130 0 .131 0. 169 0. 161 
A ug. I 0 .166 0. 154 0.143 0 .140 0. 14 2 0 .1 83 0.174 
Sept. I 0.154 0.14 2 0 .132 0.130 0.131 0.169 0.1 61 
Oct. I 0.192 0.1 78 0. 165 0. 162 0.164 0 .211 0. 201 
Nov . I 0.218 0.201 0.187 0.1 84 0. 186 0.239 0.228 
Dec. 0 .256 0.237 0. 220 0.216 0 .219 0.281 0.268 

Sp ri ng h ogs t R esou rce 
P io P 11 P IS P u 

Corn (l b.) 305 390 493 345 
Hay ( lb.) 120 120 120 0 
Capi t al ($) 3.57 4.82 5. 41 4.52 
L a bo r (hours) 

J a n . 0.11 4 0.134 0.156 0 .176 
F eb. 0.11 4 0 .134 0 .1 56 0. 138 
Ma rch 0. 137 0. 162 0 .188 0 .1 27 
A pr il 0.144 0.170 0.19 8 0 .098 
May 0.131 0. 155 0. 180 0 .086 
June 0.119 0.141 0. 164 0.095 
J u ly 0 .11 9 0 .1 41 0.16 4 0.091 
A ug. 0. 11 9 0.1 41 0. 164 0.149 
Sept . 0 .11 4 0. 134 0 .156 0.2 37 
Oct. 0 .11 4 0. 134 0. 156 0 .226 
N ov. 0 .1 13 0. 133 0 . 154 0. 198 
Dec. 0. 102 0. 121 0. 14 0 0 .1 98 

those required to produce the combination of prod­
ucts explained earlier and for which net prices are 
shown in table 1 (e.g., the figures for above-aver­
age dairy cows receiving the most forage and least 
grain, P 3, show the amount of each resource re­
quired to produce a unit of product composed of 
100 pounds of milk, 2.77 pounds of veal calf and 
5.30 pounds of cull cow) . In comparing resource 
requirements or input-output coefficients, remem­
ber that a unit of output contains different propor­
tions of products for the same enterprise at differ­
ent levels of managerial efficiency. For the dairy 
enterprises, each unit of output 1·epresents a great­
er proportion of milk and less of beef sales within 
each of the feeding ranges-P1 through P 5 ; P 6 
thrnugh P 10 ; and P11 through P 10 • Also, an above­
n.verage dairy enterprise has a greater proportion 
of milk and a smaller proportion of meat than an 
average or below-average dairy activity receiving 
about the same level of grain-forage feeding. Poul­
try, hogs and cattle are represented by output 
units of entirely different magnitudes (dozen eggs, 
cwt. of meat, etc.), and input-output coefficients 
differ accordingly. 

LINEAR PROGRAMMING COMPUTATIONS 

The rnlutions fo1· the most profitable use of re­
sources have been worked out by the simplex 
method.. 2 They have been computed for the 41 dif­
ferent resource and price situations. This section 
2 See Ch a r nes. A., et a l. A n in t rod uct ion to linear p r ogramming. Wil ey, 
New York . 1953 ; a nd H ead y, Ea rl 0 . Simp li f ied presentation a nd logica l 
aspects of li near programmi ng tech n ique. J our. Farm Eco n . 36: 1035-
1048. 1954. 

A verage d a iry I 

P s P o P, o . I P 11 
28.2 33.0 34.4 I 12.4 
210 193 189 I 327 
1.1 9 1.1 3 1. 10 1.46 

0.275 0 .2 66 0.264 0.349 
0.262 0. 254 0.252 0.333 
0.275 0.2 66 0.26 4 0. 349 
0.238 0 .230 0.228 0.301 
0. 188 0. l f. 2 0.180 0.238 
0.1 50 0.145 0.144 0. 190 
0.150 0 .145 0. 144 0. 190 
0. 162 0.157 0.156 0.206 
0. 150 0.1 45 0.144 0. 190 
0. 188 0 .182 0 . 180 0.2 38 
0 .212 0.206 0.204 0.269 
0. 250 0.2 42 0.24 0 0.3 17 

F a ll h ogs 

P,o P :n p,, 

430 538 56.9 
0 0 0 
5.98 6. 75 2.05 

0 .210 0.2 42 0.098 
0. 164 0.1 90 0.098 
0 .151 0.1 75 0. 106 
0.117 0. 135 0. 126 
0. 102 0 .11 8 0. 195 
0. 11 2 0. 130 0 .1 35 
0. 108 0 .125 0. 106 
0. 177 0 .205 0.1 98 
0.281 0 .325 0.094 
0. 268 0 .310 0. 075 
0 .235 0 .27 2 0.084 
0 .235 0 .272 0.075 

B e low-average da i ry 

P, a . 
20 .6 27.4 32 .7 
284 257 238 
1.39 1.30 1.24 

0.3 4 1 0.323 0.319 
0.326 0.309 0.304 
0.3 41 0. 323 0.319 
0 .294 0.279 0 .276 
0 .232 0.220 0.21 8 
0.186 0.176 0. 174 
0 .1 86 0. 176 0. 174 
0.20 1 0. 191 0.1 88 
0.186 0 .176 0 .174 
0 .232 0.220 0.2 18 
0.264 0.250 0.2 46 
0.3 10 0. 294 0.290 

p ,. 
35.2 
230 
1. 20 

0.310 
0 .296 
0.310 
0.268 
0 .211 
0. 169 
0.169 
0.183 
0.169 
0 .21 1 
0.240 
0.282 

Poultry I Beef cows 

P,3 P24, P im 
66.7 89.4 81.6 
0 0 1,291 
2.36 2.73 3.16 

0 . 116 0.154 0 .4 43 
0 .116 0.154 0 .4 43 
0. 125 0. 166 0. 492 
0. 150 0.198 0.332 
0.23 1 0.305 0.166 
0. 161 0 .212 0.166 
0 .1 25 0. 166 0.166 
0.166 0 .1 54 0.166 
0. 11 2 0. 147 0. 166 
0. 089 0. 117 0. 166 
0.099 0. 13 1 0.2 18 
0.089 0 .11 7 0 .312 

deals with the mathematical computations and 
procedures. Readers who are not interested in dis­
cussion of the methodology may wish to turn to 
the section following which deals with results. 

In the prncedure illustrated below, we determine 
the optimum program or use of resources in the 
resource situation including fixed supplies of 3,267 
bushels of corn equivalent and 48 tons of hay 
equivalent. This situation is the one in which cap­
ital and labor are unlimited and prices are at the 
1953 level except that milk is at 75 percent of par­
ity (Situation S11 in table 3). All enterprises are 
competitive for labor (type A labor in table 2), and 
enterprises P 1 through P 24 from table 1 are includ­
ed. That is, all enterprises and levels of lives tock 
management, except beef cows, are included in this 
solution selected to illustrate the method. 

Two disposal activities, P 25 and P 20, are added 
to allow non-use of the two limitational resources, 
grain and hay, respectively. The expenses include 
all cash outlays for protein feed, veterinary fees , 
breeding fees, insurance, housing, etc. and have 
been subtracted from unit prices to give net unit 
prices. These net unit prices are those listed in the 
Ci row of the matrix which follows. 

SIMPLEX SOLUTION FOR SITUATION Su 

Enterprises P1 through P 24 r epresent the feas­
ible enterprises of the matrix. The disposal activ­
ities (or enterprises) are designated as P25 and P 26: 

Column P 0 represents the amounts of limitational 
resources, corn and hay. The figures within the 
body of the first tableau of the matrix system 
which follows are the input-output coefficients of 
the respective enterprises, P1 through P 24 at unit 

719 



level output. For example, in column P 1 , the fig­
ures 8.48 and 277 represent the pounds of corn and 
hay, respectively, to produce one unit of the enter­
prise Pi. 3 

Algebraically, the corn and hay isoquants may 
be represented by equations. For the corn iso-re­
source curve the equation is: 

8.48X1 + 16.9X2 + 24.9X3 + 28.6X4 + 
32.7X, + 1O.OXa + 23.7X1 + 28.2Xs + 
33.OX9 + 34.4X, o + 12.4Xu + 2O.6X12 + 
27.4X13 + 32.7X1-1 + 35.2Xi0 + 3O2X16 + 
39OX17 + 493Xis + 345Xrn + 43OX20 + 
538X21 + 56.9X22 + 66.7X23 + 89.4X24 + 
lX25 = 182,952 

where the X/s represent the level of output of each 
of the respective enterprises. The feasible enter­
prises, P 1 through P 24, may or may not use all the 
corn in the final solution. If the corn is entirely 
used up, then the disposal activity P 2;; is zero, and 
corn is a limitational factor in the livestock pro­
duction program. If the corn is not entirely used 
by the active enterprises, the disposal process P 2r, 
is at some positive level, and corn is no longer a 
limiting factor of production. The equation for 
the hay iso-resource curve is: 

277Xi + 222X2 + 186X3 + 17 4X4 + 
163X5 + 284Xe + 236X1 + 21OXs + 
193X9 + 189X1o + 327X11 + 284X12 + 
257X13 + 238X14 + 23OX15 + 12OX16 + 
12OX17 + 12OX1s + OXrn + OX20 + 
OX21 + OX22 + OX23 + OX21 + lX26 = 96,000 

For the hay iso-resource equation, enterprises 
P1 through P24 represent feasible activities. The 
X/s correspond to those of the corn iso-resource 
equation. Disposal activity P 2a is at a positive level 
when hay is not a limitational factor and, converse­
ly, equals zero when the active enterprises utilize 
all the hay. 

The solution concerns itself with finding the ac­
tivity or enterprise levels, X1 through X2➔ , which 
maximize total profit. The problem is to determine 
which enterprises are to be selected for the opti­
mum program. At what level should the selected 
enterprises be operated? In practical terms, these 
questions imply the determination of the number 
of cows, hogs, poultry or some combination of the 
24 possible enterprises and management levels 
which will yield a maximum total profit. 

The coefficients of the X/s of this equation are 
the net unit prices shown in the Ci row of the sim­
plex tableau which follows. The net unit prices 
used in table 5 differ somewhat from the net unit 
prices shown in table 1: The value of labor has 
been subtracted, in the current case of unlimited 
capital-unlimited labor, to determine net unit 
prices. (This alternative procedure is used only for 
situations of unlimited labor and capital.) The -Po 
column in this tableau (table 5) indicates which 
particular enterprises are the active ones of the 
3 The corn input refl ects th e g ra in rat ion of the da.iry re placeme nt stock . 

The dairy cow herse lf f or P 1 actu a ll y received no cor n. 
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program. For example, Plan 1 of the program 1s 

composed entirely of the disposal activities P25 and 
P 20- Column C; indicates the prices of the activ­
ities or enterprises used in a particular plan of the 
program. The disposal activities P25 and P2a have 
no prices by assumption. Thus, Plan 1 yields no 
profit. 

The Zi - Ci row in Plan 1 contains all negative 
numbers. Hence, there is an opportunity to im­
prove the production plan or to increase profits. 
The next step is to introduce one of the feasible 
enterprises, Pi (j = 1 ... 24), as an active enter­
prise in the program. Accordingly, the enterprise 
with the largest marginal profit per unit of prod­
uct in Plan 1 is selected as the active enterprise. 
Enterprise Pi o with the largest marginal profit, 
$14.81, is chosen to be included in Plan 2. Now, 
two questions arise: What enterprise in Plan 1 
will be replaced by Pi a? At what level is the enter­
prise Pi 6 to be operated? The answers are found 
in column R of Plan 1. The figures in column R 
are found by dividing each of the quantities in the 
P0 column of Plan 1 by the corresponding coeffi­
cients in column Pi e- For example, the amount of 
available corn, 182,952 pounds, is divided by 305, 
the corn requirement per unit output of P 16• This 
division gives the figure 599.84262, the number of 
units of Prn (spring hogs of above-average man­
agement level) that can be produced if all the corn 
were used by this enterprise. Similarly, when the 
96,000 pounds of available hay are divided by 120, 
the hay requirement per unit of P rn produced, the 
resulting figure, 800, indicates the maximum total 
amount of Pi a that could be produced from the hay 
supply. The level of enterprise Pi6 is most limited 
by corn. Thus, above-average spring pigs, enter­
prise P J6, will be chosen to replace the disposal ac­
tivity of P 2r. in Plan 2. 

In summary, Plan 2 contains the active enter­
prise Pi o, tentatively operated at a level of 599.843 
units (i.e., 59,984 pounds of pork). All available 
corn is used by this enterprise. The maximum 
profit for Plan 2 is found by multiplying the level 
of output by the unit price (599.843 x $14.81). 
The resulting profit figure, $8,884, is obviously 
larger than the zero profit of Plan 1.• ("Profit," as 
used at this point, is the net above variable costs 
from which fixed costs must yet be subtracted.) 
Thus, the change from Plan 1 to Plan 2 represents 
a definite improvement in the production program. 

The general formula used in all numbers in row 
Pia of Plan 2 is: 

a . 
a' - l'J kj --

a rk 

where the subscript k identifies the livestock en­
terprise (P10 ) coming into the program, r is the 
activity (P2:; ) being removed, j indicates any one 
of the column headings and i stands for any row. 
4 Th e f ixed costs ref e rred to here a re those such as taxes or crop expenses 

w hich do not differ between li vestoc k plans . For ''fixed" inputs on 
li vestoc k w hi c h vary wi th org anization , costs have bee n subtrac ted to 
obtain th e profi t f ig ures of the te xt. 



TABL E 5. L IN E AR P ROGRAMMIN G SO LUTION BY T HE SIMP L EX METHOD FOR 24 FEASIBL E LIVESTOC K 

E N TERPRISES WITH TWO L IMITATIONAL R ESOURCES-SITUATION S n . 

CJ ........ ········ 1.61 1.58 1.71 1.69 1. 63 1.53 1.43 1.57 

c, Po P 2, P20 P1 Po P a P, P o Po P 7 Ps 

PLAN 1 
Corn equivalent P2s 182,952 1 0 8.48 16.9 24.9 28.6 32.7 10.0 23.7 28.2 
Hay equivalent P 20 96,000 0 1 277 222 186 174 163 284 236 210 

ZJ 
ZJ -CJ - 1.61 - 1.58 - 1.71 - 1.69 - 1.63 - 1.53 - 1.43 -1.57 

PLAN 2 
14 .81 P io 599.84262 0.00328 0 0.027803 0.05541 0 .081639 0.09377 0.10721 0.03279 0.07770 0.09246 

P eo 24 ,01 8.88560 - 0.39a60 l 273 .66360 215.35080 176.20330 162.74760 150.13440 280 .06560 226.67540 198.90490 
ZJ 8,883 .66923 0.4858 0 0.41176 0. 82062 1.2097 1.38873 1.58782 0.48558 1.15081 1.36932 
ZJ -CJ 8,883.66923 0.4858 0 - 1.19824 - 0.75938 -0.50093 -0.30127 - 0 .04218 -0.04442 -0.27919 - 0.20068 

PLAN 3 
14.81 Pio 597.40267 0 .00332 - 0.00010 0 0.03353 0.06374 0.07724 0.09196 0.00434 0.05468 0.07225 

1.61 P i 87 .76792 - 0.00144 0.00365 1 0.07 8692 0.64387 0.59470 0.54861 1.02339 0.82830 0.72682 
ZJ 8,988.83989 0.04690 0.00440 1. 61 1. 76352 J.98062 2. 10139 2.24519 1.71193 2.14337 2.24020 
Z J-CJ 8,988.83938 0 .04690 0.00440 0 0. 18352 0.27062 0.41139 0.61519 0.18193 0.71337 0.67020 

CJ 1. 61 1.59 1.37 1.24 1.37 1.38 1.43 14.81 12.32 11.39 12 .10 

c, Po P, o P H P,2 p 13 PJ ,i p 15 Pio P i, P is P io 

PLAN 1 
Corn equ ivalent P,s 33.0 34.4 12.4 20.6 27.4 32 .7 35 .2 305 390 493 345 
Hay equivalent P20 193 189 327 284 257 238 230 120 120 120 0 

ZJ 
Z i-CJ - 1.61 - 1.59 - 1.37 - 1.24 - 1.37 - 1.38 - 1.43 - 14 .8 1 - 12.32 - 11.39 - 12.10 

PLAN 2 
14.81 P10 0.10820 0. 11279 0.04066 0.06754 0.08986 0.10721 0.11541 1 1.27869 1.61639 1.13115 

P,o 180.01640 175.46560 322.12 130 275 .89510 246.2 1970 225.13440 2 16.15080 0 - 33.44270 - 73.96720 - 135 .73780 
ZJ 1.60240 1.67038 0.602 12 1.00028 1.33047 1.58782 I. 70922 14.81000 18.93738 23 .93878 16.75230 
ZJ -CJ - 0.00760 0 .08038 - 0.76788 - 0.23972 - 0.03953 0.20782 0.27922 0 6.61738 12.54878 4.65230 

PLAN 3 
14.81 P-io 0.08991 0.90496 0.00793 0.03951 0 .06482 0 .08434 0.09345 1 1.28209 1.1 62391 1.14494 

1.61 P 1 0.65780 0 .64 117 1.17707 1.00815 0.89972 0.88267 0.78984 0 - 0 .12220 - 0.27029 - 0.49600 
ZJ 2.39603 2.43864 2.01253 2 .20836 2. 40853 2.57357 2.65564 14.81 18.79101 23.61494 l 6. ) 5800 
ZJ -CJ 0.7 8063 0 .84864 0.64253 0.96826 1.03853 1.19357 1.22564 0 6.47101 12.22494 4.05800 

. 
CJ 11.75 11.15 0.92 0.44 0.22 R 

c, P,o p,, P 22 P 2a P e., 

PLAN 1 
Co rn equivalent pe5 430 538 56.9 66.7 89 .4 599 .84262 
Hay equiva lent P1,i 0 0 0 0 0 800.00000 

ZJ 
ZJ -CJ - 11.75 - 11.1 5 - 0.92 - 0.44 - 0 .22 

PLAN 2 
14.81 P, o 1.40984 1. 76393 0.186557 0.21869 0.293 12 21,574.7445~ 

P~il - 169.18030 - 211.672 10 - 22 .38680 - 26 .242 70 -35 .17380 87.76792 
Zi 20.87967 26. 12386 2.76291 3.23878 4.34 103 
ZJ -CJ 9. 72967 14.97386 1.84291 2.79878 4.56103 

PLAN 3 
14.81 Pi o 1.42702 I. 78544 0.18883 0.22135 0.29669 

1.61 P 1 - 0.6182 1 - 0 .77348 - 0.081 80 - 0 .095 89 -0 .12853 
ZJ 20.13885 25.19706 2.66487 3.12381 4. 18705 

-:i Z J-CJ 8.38885 14 .04706 1.74487 2.68381 4.40705 
t-o ,_. 



The prime mark (') indicates that the number be­
longs to the new program. The numbers derived 
from the formula describe marginal rates of sub­
stitution. For example, when 8.48 in row P 25 and 
column P1 is divided by 305, it gives the figure 
(0.027803) ; multiplied by the unit price ($14.81) , 
it gives the opportunity cost ($0.41176) of pro­
ducing one more unit of enterprise P1. All other 
opportunity costs in the Zi row of Plan 2 are de­
rived in a similar manner. 

A second formula is used to derive t he numbers 
in the P 26 row of Plan 2. 

(a,.i ) 
a'ii = a ij - a rk a ik 

As an example, the quantity in the Po column in 
Plan 2 is: 

24 018 88560 = 96 000 - ( 182,952) (120) 
' . ' 305 

The quantity 24,018.88560 gives the amount of hay 
which is unused after supplying the necessary 
quantity of hay to enterprises P io- It is ~he orig­
inal quantity of hay, 96,000 pounds, mmus the 
amount needed to produce 599.84262 units of en­
terprise P 1 0• 

Plan 2 is not an optimum program because nega­
tive quantities still exist in the ZrCi row. Total 
profit can be increased further by introducing sev­
eral other enterprises, such as P i. P~, Pa etc. Enter­
prise P 1 , above-average dairy cows fed t~e highe~t 
forage ration, yields the largest margn!-al profit 
($1.19824) and should be added as an ~cbve enter­
prise in Plan 3. Thus, a new product10n program 
is determined in Plan 3. This program includes 
both enterprises P1 and P16• Enterprise P 1 replaces 
activity P 20 (non-use of hay) of Plan 2. Plan 3 in­
dicates that enterprise P 16 was reduced somewhat 
to permit enterprise P i to come into the program. 
Enterprise P 1 used the 24,018.88560 pounds of hay 
residual from Plan 2 plus the amount of corn re­
leased when enterprise P 16 was reduced from 
599.84262 in Plan 2 to 597.40267 units in Plan 3. 

On checking the ZrCi row in Plan 3, it is found 
that no negative numbers exist. Thus an optimum 
program is attained with pro1uction of 597.40267 
units of P ia and 87.76792 umts of P1. The total 
"unadjusted" profit is $8,988.84. (Fixed costs still 
need to be subtracted from the amount to deter­
mine net profits.) 5 This plan returns $100 more 
than the previous plan. (Sometimes an optimum 
plan gives so litt le additional profit that a "previ­
ous" plan may be selected on the basis of (1) great­
er diversification or (2) personal preference.) 

RESULTING PLANS 

The plans which give maximum profits for the 
first 41 resource-pr ice situations outlined earlier 
5 Fi xed cos ts re fe r to real esta te taxes a nd s imil a r ite ms wh ich do not 

vary w ith the pl a n. Also, crop productio n costs are "fixed': f or t he 
li vestock pla ns, s ince li vestock a re fitted to a s ing le c r op p ing plan . 
Fixed costs w hich do vary w ith li vestock pla ns have been s ubtracted to 
g ive the profi t fig ures cited. 
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are presented in this section. (These results _do 
not put capacity limitations on hogs; plans with 
limited hog capacity are presented later.) An ini­
tial point of interest with respect to the results is 
this: Only abo'-1e-average dairy cows, hogs and 
poultry are included in all of t he optimum plans. 
In other words, either capital, labor or feed re­
quirements were sufficiently high for the average 
and below-average levels of management so that 
these enterprises never come into the plan which 
maximizes profit. Hence, one of the questions 
posed earlier (should low capacity cows be used to 
consume surplus forage while limited grain and 
capital supplies are used for hogs), has already 
been answered. 

While dairy, hogs, beef and poultry enterprises 
must be combined in various proportions to make 
the best use of available resources, livestock repre­
senting above-average management conditions 
alone should be used in the program. The level at 
which above-average dairy cows should be fed 
o-rain or the manner in which grain should be al­
locat~d between dai1·ying and pork production, 
should vary depending on the amount of capi~al 
and labor available. However, even for a farm with 
a very small amount of capital, investment sho?ld 
not be made in average or below-average dairy 
cows. 

The solutions or optimum programs are listed in 
table 6. The te1·ms "hogs" and "poultry" always 
1·efer to above-average enterprises of these types. 
The term "dairy" always refers to above-average 
dairy cows, but the figure in parentheses indicates 
the level of hay and grain feeding: (1) refers to 
cows or activity P 1 fed 8.4 tons of hay and 520 
pounds of grain in the lactation period; (2) refers 
to cows or activity P 2 fed 7.8 tons of hay and 1,036 
pounds of grain; (3) refers to cows or activity Pa 
fed 7.1 tons of hay and 1,904 pounds of grain; (4) 
refers to cows or activity P 4 fed 7.0 tons of hay and 
2,374 pounds of grain; (5) refers to cows or activ­
ity PG fed 6.8 tons of hay and 2,894 pounds of 
grain. 

"Beef" refers to beef cows of the average pro­
ductivity levels outlined previously. Under the 
heading of limiting resources, a month such as 
"May" or " ovember" refers to competitive labor 
of the particular month. Under this same heading, 
"February poultry" mean s that supplementary la­
bor in F ebruary for poultry limited this enterprise 
as a supplementary one. The notation "February 
dairy" indicates that, when considered as a supple­
mentary enterprise, labor in February limited the 
size of this enterprise. The notations in the col­
umn, "limiting resources," indicate the specific re­
sources which have restricted the particular plan 
to the one shown. The units of output are those 
mentioned earlier in the text. While grain supply 
is not listed under the table heading, it always 
amount s to 3,267 bushels. 

PLANS IN RELATION TO LIMITING 
RESOURCES 

While solutions were completed for 41 price-re-



TABLE 6. RESOUR CE SUPPLIES, L IMI TING R ESOUR CES AND AMOUNT AND COMBI NATIONS OF LIVESTOCK P R ODUCED UNDER 

VA RIOU S RESOU R CE-PRICE SITUATIONS. 

Enterpr ise a nd un its produced t 
H ay Spring Fall 

Situation Cap ital • L abor (tons) L imit ing resources D airy bogs hogs P oultry Beef t 

S1 $1,50 0 A 48 Cap ita l 0 420 0 0 
S2 2 ,500 A 48 Corn . hay (3) 136 589 0 0 
Sa 4,000 A 48 Corn, hay (3) 136 589 0 0 
S, 6,000 A 48 Corn. hay (3) 136 589 0 0 
So 1,500 A 68 Capita l 0 420 0 0 

So 2,500 A 68 Corn, hay (3) 363 570 0 0 
S, 4,000 A 68 Corn , hay (3) 363 570 0 0 
s. 6,000 A 68 Corn, hay (3) 363 570 0 0 
So 2,500 A 48 Corn , hay (3) 136 589 0 0 
S,o 4,000 A 48 Corn , hay (3) 136 589 0 0 

Sn no limit no lim it 48 Corn, hay (3) 136 589 0 0 
Sie 2,500 A 68 Corn , hay (3) 363 570 0 0 
S1 • 4,000 A 68 Corn, hay (3) 363 570 0 0 
s,. 6,000 A 68 Corn , ha y (3) 363 570 0 0 
S,o no lim it A 68 Corn , hay (3) 363 570 0 0 

S,o no limit no limit 68 Corn , hay (3) 363 570 0 0 
S11 4,000 no limi t 68 Corn, hay (3) 363 570 0 0 
s,. 6,000 no Ji'mit 68 Corn, ha y (3) 363 570 0 0 
s,. 2, 500 A 68 Corn , hay (3) 363 570 0 0 
S20 4,000 A 68 Corn, ha y (3) 363 570 0 0 

S ::n 6,000 A 68 Corn, hay (3) 363 570 0 0 
s,, no limit A 68 Corn , hay (3) 363 570 0 0 
S n no lim it no limi t 68 Cor n. hay (3) 363 570 0 0 
s,. 2,500 no limit 68 Corn, hay (3) 363 570 0 0 
s,, 4,000 no l imi t 68 Corn, hay (3) 363 570 0 0 

S::w 6,000 no limi t 68 Corn , hay (3) 363 570 0 0 
S2, 2,500 A 68 Corn, hay (3) 363 570 0 0 
s,. 4,000 A 68 Corn , hay (3) 363 570 0 0 
S 20 6,000 A 68 Corn , hay (3) 363 570 0 0 
Sao no limit A 68 Corn, ha y (3) 363 570 0 0 

Sa, no Hmit no lim it 6 Corn . hay (3) 363 570 0 0 
S•2 4,000 no limi t 68 Corn, hay (3) 363 570 0 0 
S:i3 2,500 A 68 Corn, hay (3) 363 570 0 0 0 

• 83-1 4,000 A 68 Corn, hay (3) 363 570 0 0 0 
S" 6,000 A 68 Corn , hay, May (3) 363 5"1 0 0 0 0 

s •• 2,500 B 68 Corn, hay, N ov. (3) 340§ 574 0 55 
Sn 4.000 B 68 Corn, hay, N ov. (3) 340§ 574 0 55 
Sas 6,000 B 68 Corn, hay, N o v. (3) 340§ 574 0 55 
s •• 2.500 C 68 May, N ov. (F eb. poul t r y) (2) 303 388 55 286 
S,o 4,000 C 68 May, N ov. (F eb. poult ry) (2) 303 388 55 286 
S ◄ 1 6,000 C 68 May, Nov. (Feb . poult ry) (2) 303 388 55 286 

• "No limi t" refers to unlimi ted labor or capital. 
t In som e cases two levels of feedi ng were ind icated for da iry ing . The f igures in parentheses indicate the feeding level w hich predom in ates. 
! Beef cows were included in t he problem on ly for situat ions 8 33, 83,1 a nd Sa G. 
§ This average is broug ht dow n below t hat for four cows u nd er S ao, S,1 0 a n1 Sn, beca use it in cludes approximately o ne.fourth of the year when feed• 

in g would be at t he lowest level of grain feed ing (P,). 

source situations of table 6, without the capacity 
limitations for hogs explained later, only five dif­
ferent plans resulted. This is because grain and 
hay were limiting in the majority of situations. 

The situations which resulted in the identical 
plans are shown in table 7. For example, situations 
S1 and S:; result in the same plan. These two situa­
tions both include $1,500 capital, competitive labor 

TA BL E 7. NUMBE RS OF ANIMALS OR BIRDS FOR 41 DIFFBR ENT 
R E SOURCE-PRICE SITUATIONS. 

Num ber of a nimals or birds 

Situation 
Da iry Sprin g F a ll 

H ens cows li tters litte rs 

S1, Ss 0 27 0 0 
S2, S a, S 4, So, S10, S 11 2 37 0 0 

S a , S1 , S s , Su, S 13, S u., } S H. Su , S11, Su , Su, S 20, 
S 21, S 22, S 23, S 2•, S 25, S 26, 5 37 0 0 
S 21, Su, S 20, S ao, 8 31, Sa2, 
Su, Ss, , S a!i 
Sae, $ 31, S:h1 37 0 34 
Su, Su , Sn 25 176 

averaging 258 hours pe1· month and 1953 prices 
with grade A milk. The only difference is that S1 
includes 48 tons of hay equivalent while S,, includes 
68 tons. Capital is more limiting than any other 
single resource. Consequently, it alone dete1·mines 
the most profitable plan; hay goes unused in both 
situations, and, therefore, the pl ::: ns are the same 
with 48 (S1 ) and 68 (S:;) tons. 

Spring hogs is the only enterpi-ise entering into 
the plan for S1 and S:; since this enterprise gives 
the largest return per $1 input of working or oper­
ating capital. Even under S1, with 48 tons of hay 
equivalent, the forage would go unused or be sold. 
Diverting part of the capital to dairy or beef cows, 
to allow utilization of the forage, would result in 
smaller profits than use of all capital for the 27 
litters of spring pigs. The plan shown applies to 
1953 prices. With the possibility of fluctuating 
prices, a farmer might, of course, use some capital 
for dairy or poultry enterprises to diversify as a 
safeguar d against price uncertainty (see later sec­
tion where dairy and poultry are included in the 
plan to meet these conditions ). Also, if hog prices 
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were sufficiently low, a different management plan 
might be best. Under S1 and Sn, 980 bushels of 
corn would be available for cash sales. 

With spring hogs as the only livestock enter­
prise, most of the farm income would be forthcom­
ing in August and September. Addition of poultry 
or dairy enterprises would allow income in each 
month. However, choice of such a plan to give a 
more even flow of income would be made at the 
expense of total profits where all labor is consid­
ered as competitive. 

Situations S2, Sa, S4, S9 , S10 and Sn have an opti­
mum plan which includes two dairy cows and 37 
litters of spring pigs. Corn and hay are the limit­
ing resources for all of these situations which in­
clude 3,267 bushels of corn equivalent, 48 tons of 
hay equivalent and competitive labor of t ype A in 
table 2. (Poultry competes directly with other en­
terprises for labor. In other solu tions where labor 
for poultry is non-competitive, as it is on most 
Iowa farms, a poultry enterprise is included.) 

While these situations vary in capital from 
$2,500 to unlimited funds , feeds restrict the pro­
gram before available capital is used up in each 
case. Hence, diffe1·ences between situations in 
capital do not cause variations in the optimum 
plan. Aside from the optimum 01· most profitable 
plan of two dairy cows and young stock to go with 
them, many other combinations of dairy cows and 
hogs would simply exhaust the feed supplies. 

However, none of these alternatives would give 
profits a s great as for the plan indicated. Again, 
risk or "even income flow" considerations might 
cause addition of some poultry or a larger dairy 
enterprise. But these goals would be attained, 
given the prices used, d a reduction in profits. (In 
a later section, income from an organization of 
enterprises as a r isk precaution is compared with 
an organization which maximizes profit.) 6 

Situations SG, S7, SR, and S12 com:ecutively 
through Sa5 include 3,267 bushels of corn equiva­
lent, 68 tons of hay equivalent and capital ranging 
from $2,500 to unlimited. Prices include all three 
set s explained earlier. However, price and capital 
differentials are not great enough to offset the 
limiting effects of grain and hay in a ll of the situa­
tions. These two resources together specify an op­
timum plan which includes five dairy cows, 37 lit­
ters of spring pigs and no poultry. With hay and 
capital supplies allowing five dair·y cows and 37 
spring litters, labor and feed are not available for 
fall pigs or poultry. While spring pigs are more 
profitable under the three price situations, certain 
farmers might choose some fall pigs to spread 
price risks. Or, as is illustrated later, space restric­
tions on spring litters might require some fall pigs. 

All of the situations explained above include 
competitive labor of type A in table 2. Situa tions 
SaG, Sa, and Sas, which include some supplementary 
labor (type B of table 2) for poultry, have an opti­
mum plan of four da iry cows, 37 spring litters and 
34 hens. Limiting rernurces are grain, hay and 
6 Where b vo diffe re nt pr ice s ituation s res ult in the sam e farm org a niza­

tion , profi ts would still diffe r between pla ns- even t houg h numbe rs o [ 
li vestoc k a nd units of producti on are th e sam e. 
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competitive labor in November. Situations Sa9, S4o 
and S41 , which include supplementary labor (type C 
of table 2) for both dairy and poultry, have an op­
timum plan of four dairy cows, four fall litters, 25 
spring litters and 176 hens. The availability of 
supplementary labor for poultry increases the abil­
ity of this enterprise to compete for grain. 

In previous situations and solutions, housewife 
or other labor which might be used for poultry was 
classed as competitive labor (type A of table 2) , 
and this enterprise had to compete with other 
enterprises for labor.7 In situations Ss9, S4o and 
S41, however, supplementary labor has been sub­
tracted from the total stock of labor (i.e., to give 
type B in table 2). With less total labor for com­
petitive enterprises (the same amount is available 
as previously except part of it now is set aside for 
supplementary poultry and dairy enterprises and 
cannot be used by competitive enterprises), spring 
hogs ai·e restricted by supplies of competitive 
labor. With spring hogs restricted, some grain be­
comes available for fall hogs. Also, fall hogs come 
into the plan to spread use of competitive labor. 
Not only does grain and hay restrict the program 
under situations San, S4 0 and S41, but also competi­
tive November and May labor is limiting, along 
with supplementary February labor for poultry. 

LEVEL OF GRAIN FEEDING 

The optimum level of grain feeding for dairy 
cattle is level 3 (Pa in the earlier description of ac­
tivities ), except for situations S3n through Su in­
clusive. Under unlimited capital and feed, level 5 
would be profitable in the sense of added returns 
which are greater than added costs. With limited 
grain supplies, however, the guiding principle in 
the use of grain resources is to use each bushel of 
grain where it will bring the greatest return. For 
all situations through Sas, grain brings a greater 
return if fed to hogs or poultry than if used to in­
cr ease grain feeding from level 3 to level 4 or 5. 
Conversely, feeding dairy cows at level 3 (Pa) is 
more profitable than restricting feed to level 1 for 
dairy cows in or der to raise more hogs or keep a 
poultry flock. 

As is explained in more detail later, the optimum 
rntion for one type of livestock cannot be deter­
mined apart from the organization of the farm as 
a whole when feed and capital resources are limit­
ed. Diminishing returns cause one rather than 
another dairy r ation to give returns from grain as 
high for the milk cow enterprise as for the hog 
enterprise. Since, as table 8 illustrates, the return 
from additional grain declines with the level of 
grain feeding, level 3 of this study allows competi­
tion of dairy cows with hogs for grain under situa­
tions S1 through S30 • Returns on the added grain 
for levels 4 and 5 are too low, and profits are great­
er if this amount of grain goes to hogs or poultry. 

Diminishing returns also are encountered iri 
pork production. The added gain forthcoming 
7 I n s ituatio ns S3o, S .Jo arid S -11, competit ive poultry and dairy ente rpri~es 

were inc luded as act ivit ies , along w ith supple mentary poultry and da iry 
e nterprises. However, on ly dairy a nd poultry ente rprises us ing s upple­
mentary labor came into the programs. 



TABLE 8. EFFECT OF DIFFER E NT L E VELS OF GRAIN FEEDI NG 
ON INCR EMENT MILK P RODUCTION F ROM ADDED 
FEE D . 

Feed a dd ed Milk added 
Total pounds Total ;pounds from previous f rom p revious 

T.D.N. fe d milk produ ced level (lbs.) level ( lbs.) 

2 ,860 
9, 110 
9,9°10 

10,.690 
11 ,43 0 

8,500 
9,530 

10 ,270 
10,840 

'' _1 1,270 

850 
800 
780 
740 

1,030 
740 
570 
430 

Add ed lbs . 
milk per 
added lb . 

f eed 

1.21 
0.93 
0.73 
0.59 

Source ; E in e r J e nsen et a l. Input-outp ut relations hi ps in milk prod uc­
t ion. USDA T ech. Bui. 815. 

from each pound of grain declines as hogs are fed 
to heavier weights. 8 Hence, at hog weights heavier 
than 225 pounds, dairy cows fed at levels 4 and 5 
might give highest returns on grain. This aspect 
of farm management has not been included in this 
study since a standard marketing weight for hogs 

. of 225 pounds is included in the definition of ac-
tivities. 

In table 6, grain level 2 is optimum for dairy 
cows when supplementary labor is available for 
the poultry enterprise. The lower level of grain 
feeding now is the most profitable because of labor 
considerations. (Availability of supplementary la­
bor for poultry allows this enterprise to compete 
with dairy cows for some of the grain.) 

FEED ALLOCATION 

The optimum or most profitable plan results in 
the allocation of grain and forage resources shown 
in table 9. From these figures, it is again apparent 
that maximum profits are forthcoming with most 
of the grain going to hogs. The majority of the 
feed goes to this enterprise under each of the three 
price situations for dairy products. 

Hence, one hypothesis stated at the outset is 
refuted by the figures, while the other is support­
ed. (1) Dairy cows of low ability to utilize forage 
are not profitable; but (2) even with better cows, 
hogs give greatest profit for the major part of the 
B See Earl 0. H eady et a l. N ew procedures in es timatin g substi tution 

rates in pork production . Iow a A g r. Ex p . Sta . R es . Bul. 409. 

grain. The computations also show that poultry 
cannot profitably compete with hogs for the use 
of grain, labor and capital. 

In situations \yhere the hog and poultry enter­
prises compete for all three of these resources, 
poultry either was not included in the optimum 
plan or did not exceed 34 hens. Poultry represents 
a profitable enterprise, as compared with hogs, 
only where supplementary labor is available to the 
poultry enterprise and where hogs are restricted 
by lack of other resources or facilities. 

Grain is available for cash sales under situations 
S1 and S2, where capital restricts the plan to 27 
litters of spring pigs. Also, 12 percent of the total 
amount is available for cash sales under situations 
S_ao, S4o and SH. Under the latter situations, diver­
s10n of some labor to supplementary categories for 
dail'y and poultry enterprises provides a situation 
where not all grain can be fed. Some hay also would 
go unused under these two sets of situations. Cap­
ital would not be available for buying beef cows to 
utilize this hay under situations S1 and S5• How­
ever, under Sso, S,1 0 and S,1 1 , the hay could be used 
to support four beef cows if arrangements could be 
made to get around the labor restrictions in May 
and November. 
. The beef enterprise was included as an activity 
m the problem only for situations S33, S34 and 
Sa5 . However, the enterprise did not come into the 
final plan or solution. There was no grain or hay 
left over in these three situations. Hence the con­
clusion, in these three situations where beef cows 
were allowe~, is that the other enterprises give 
greater profits on scarce feed resources than do 
be~f co:"s· However, in situations S39, S40 and S41 
(s1tuat10ns where beef cows were not included in 
~h~ p_rogramming), where capital is not limiting, 
it 1s likely that beef cows could be added profitably 
to utilize the excess forage. 

~any farmers are 1'.ot limited on funds and buy 
gram for all enterpnses. Under the prices and 
techniques included in this study, the most profit­
able plan for these far~ers would be to feed dairy 
~ows at o~· abo':'e the highes t level of grain feeding 
mcluded m this study. However, this study fo-

TABLE 9. PERCENTAGE ALLO CATION OF GRAIN AND HA Y BETWE EN L IVES TO CK E NTERPR ISES. 

Percent g ra in used by : Percent hay used by:* 
Situation 

Dairy Spring Fa ll Cash D a ir y Sprin g F a ll N ot 
COWS hogs h ogs P oul t r y sales COWS hogs hogs P oul t r y used 

8 1, s. 0 70 0 0 30 0 52 0 0 48 

Se, S o, S ,, S ,, } 2 98 0 0 0 26 74 Sio, Sn 0 0 0 

So, S ,, S s, 8 12, Sso, 

l SH , S15, S10, S 1'i, 
S1s, S10, S im, S21, 
s,,, Sn, 8 2<, S 2a, 5 95 0 0 0 50 50 0 0 0 S:rn, S21, S2 s, S:rn, 
S30, S31, S a2, 
Saa, Sat, 8 35 

8 30, Sa7, S3s 4 93 0 3 0 49 51 0 0 

S :rn , Sto, S n 4 65 10 9 12 49 34 0 17 

* Some_ of t~e pla n~ w~ich are duplica ted, under differe nt s itua t ions, used differe nt ~mo_u nt~ o f hay. The percent distribution of t he hay refers to 
the s 1tuat1_ons whic h inc lude 68 tons of hay. The reader can com p ute t he percen t d1str1 but1on for the s ituations w hich inclu de on ly 48 tons but have 
the same livestock plan. 
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cused its findings on the greater number of farm­
ers who limit their livestock program to about t he 
level of feed supplies produced on the farm. 

Again, this point should be emphasized: Under 
the prices and techniques used for this study, the 
hypothesis of low-grade dairy cows to use forage 
(see introduction) must be rej ected. While the 
level of grain feeding varies with labor and capital 
availability, the optimum plan for each situation 
includes the above-average dairy cows. The f eed 
to maintain a good dairy cow does not cost a great 
deal more than the feed t o maintain an average or 
poor cow. The added milk from the good dairy cow 
more than offsets her added cost s, even though 
she may be fed a high ratio of forage in rela tion to 
grain. 

LIMITED RESOURCES AND PRICE VARIATION S 

Since dairying is largely a supplementary enter­
prise in the use of part of the forage and a por tion 
of the labor in some months, changes from grade 
A to grade B pr ice or to 75 percent of parity do not 
alter the most profitable use of resources. In other 
words, the enterprise combination is one coming at 
the corner of a production possibility curve. Price 
changes for milk are not great enough to cause the 
iso-revenue curve to shift enough to cause another 
corner combination of enterprises to be most pro­
fitable.9 

With a change in price relationships, other prod­
ucts remaining at the stated levels and milk drop­
ping to a 75-percent of parity level, enterprise 
combinations should be left as previously. Profits 
will still be at a maximum, as compared with the 
same resource situation under a higher milk price, 
but they will not be as great as previously. Of 
course, a sufficient change in price relationships 
would call for a different enterprise combination. 
Price changes used in this study were small. Under 
other situations, price changes of sufficient magni-
9 See H eady. Earl 0. E conomics of product ion and resource use. Pre n­

t ice-Ha ll, N ew Yor k . 1952. pp 254 -258 ; and Bow len B. and H eady, Ea r l 
0. Optim um com b inations of compet it ive cr ops . I owa Ag r . Exp. Sta. 
Res. Bui. 426. 

tude would cause enterprise combinations to shift 
between corner combinations of the oppor tunity 
curve. 

LABOR ALLOCATION 

While labor is a limiting resource under several 
situations, seldom does the labor of more than one 
or two months restrict the optimum plan. But even 
the labor supply of a single month can become cru­
cial. While December may be a month of labor sur­
plus, May or November may be labor-deficit 
months. The allocation of labor in these two 
months is shown in table 10. Remember that, while 
one enterprise may use the major part of the labor 
in one month shown, different seasonal require­
ments may cause a second enterprise to be the 
major user of labor in another month. 

As mentioned previously, labor limitations in 
particular months have both direct and indirect 
effects on the enterprise and management practice 
to be selected for the most profitable plan. Where 
May and November labor are sufficiently limited, 
they restrict the size of the hog enterprise ( an 
enterprise which gives a higher return on grain 
than high-level feeding of dairy cows or poultry). 
With the hog enterprise restricted, enough grain 
is available to include 176 hens and some fall litters 
under situations S39, S4o and S41. If more labor 
were to be hired for these months, or if it were 
available from other members of the family, hog 
and poultry enterprises could be larger. 

PLANS WITH LIMITATIONS ON 
HOG CAP A CITY 

Solutions of the optimum plans explained earlier 
did not include building space or disease limitations 
for any class of livestock. Most farms adapted to 
supplemental dair ying have enough barn space to 
accommodate more cows than were included in any 
of the plans outlined above. On many farms, how­
ever, the size of the hog enterprise may be limited 
by building capacity or disease hazard. 

TABLE 10. PERCENTAGE ALLO CATION OF COMPETITIVE MAY AN D N OVEM BER L ABOR. AMONG COMPETITIVE E N TER.PRISES .• 

Percen t May labor used by : P erce nt N ovem ber la bor used by: 
Situat ion 

Da iry Sp r in g Fall Da iry Spring Fall 
cows hogs hogs Poultry Unused cows hogs hogs P oultry U nused 

S1. So 0 28 0 0 72 0 30 0 0 70 

s,, S3, s,, s., } 12 40 0 0 48 16 42 0 0 42 S10, S11 

Su, S 1, Ss, S 12, S 1a, 

l Su , S 15, S16, S 17, 
S18, S10, S :w, S ::n , 
S 22 , S 2a, S 2", S 25, 31 38 0 0 31 43 40 0 0 17 
S 2e, S 21, S 2s, S !!o, 
8 30, S31, S 32 , 
s.,. 8 3, , 8 30 

8 30, S37, S3s 43 55 0 2 t 50 50 0 0 

S a11 , S ,o, S H o: 91 9 o: 0 o: 80 20 o: 0 

* P er centage d is tribution s are not shown for s it uations S ao t hrough Sn s in ce t h ey a lso included s upp lem e ntar y la bor f or poultry a nd / or da iry. H ow­
ever, a ll N ovember la bor was used for S ao, S a1 an d S as w hile all N ovember and May la bor was used f or S ao , S.a o and S 41. 

t L ess tha n 1 p er cent of total competitive Ma y la bor g oes unused. 
t T he dairy a nd poult ry enterprises which com e into the p r ogr a m use supplem e ntar y labor a n d , ther ef ore, do not m a k e cla ims on competitive labor 

in May or N ovember . 
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Many farmers are suf ficiently skilled in hog pro­
duction so that the size of the enterprise can be 
increased greatly before any particular disease 
hazard or diseconomy of scale arises. Other farm­
ers, perhaps because of limited facilities, believe 
that increasing the hog enterprise causes it to en-

. counter greater disease problems or other factors 
giving rise to important diseconomies to scale (in­
creasing costs) . 

To detennine the effect which scale limitations 
for hogs might have on the optimum combination 
of enterprises and the most profitable manage­
ment practices, linear programming solutions have 
been completed for eight situations with space re­
strictions. 

The number of spring pigs has been restricted 
to 19 litters by including space limitations in the 
beginning matrix. The space input-output coeffi­
cient is set at 1.0 per output unit and the "space 
supply" has been set at 297 units. Similarly, fall 
pigs have been restricted to eight litters by includ­
ing a space input-output coefficient of 1.0 and a 
"space supply" of 130 units. 

Linear programming solutions then have been 
cbmpleted to determine the most profitable plan 
for 11 additional situations. These 11 situations 
are Z12, Z13, ZH, Z15, Zrn, Z20, Z21, Z22, Za6, Zs1 and 
Zss- They are exactly the same, except for the 
space limitations on hogs, as the situations denoted 
by the same subscript and by S in table 3. Hence, 
Z12, is the same situation as S12, except that space 
limitations for hogs are included in Z12. Similarly 
Z13 and Z14 parallel S13 and S14, etc. Situations Z12, 

.Z1s, ZH and Z15 all include 1949-53 prices with 
grade A milk, 68 tons of hay equivalent, 3,267 
bushels of · corn equivalent and the competitive 
labor under type A of table 2. 

The capital for these four situations is $2,500, 

$4,000, $6,000 and unlimited, respectively. Situa­
tions Z36, Z37 and Z38 are similar except that they 
include supplementary labor for poultry and do not 
include unlimited capital. Aside from space limita­
tions for hogs, they are the same as situations Ss6, 
S37 and S3s. Situations Z19, Z20, Z21 and Z22 are the 
same as Z12, Z13, Z14 and Z15, except that milk is 
priced at 75 percent of parity. The optimum pro­
gram for each of these situations is included in 
table 12. Output units are the same as those men­
tioned earlier. 

The added situations outlined immediately above 
have been planned with only dairy, hog and poultry 
enterprises. Beef cattle were left out since they 
were not included in previous plans. 

OPTIMUM PLANS AND LEVEL OF 
GRAIN FEEDING 

Space limitations cause different plans to be op­
timum. Since spring pigs are always the most 
profitable enterprise under the prices used, they 
first enter the plan up to the space limitations of 
19 litters. Fall pigs then come into the plan up 
to the limit of eight litters. The sizes of spring and 
fall hog enterprises are the same under all of the 
resource and price situations used for tables 11 and 
12, since the two hog enterprises always come into 
the plan up to the limits of the space available. 
Third in level of profitability and in order of "com­
ing into the plan" is the dairy enterprise. It is now 
included under each of the 11 situations in tables 
12 and 13. The size of the dairy enterprise is about 
the same under these situations as in the parallel 
situations where restrictions were not put on the 
size of the hog enterprise. Note, however, that the 
intensity of grain feeding is one level higher (i.e., 
level 4 in table 11) than for the parallel situation 
without hog restrictions. 

TABLE 11. MOST P ROFITABLE P LAN FOR 11 SITUATIONS WTH R E STRICTIONS ON SIZE OF HOG E NTE R P RISE (UNITS OF OUTPUT) .* 

Capital 

I 
Nu mber of units produced 

S ituation level Limiting resources 
($) 

D airyt I S pr ing Fall 
hogs h ogs P oul t r y 

194 9-5 3 pl'ices; gr ade A m ilk 

Z12 2,500 (4 ) 462 297 130 183 Capita l, h og space, N ov. la bor 

Z,a 4,000 (4 ) 333 297 130 467 H og space, May a nd N ov. 
competitive labor. 

Z u, 6,000 ( 4) 333 297 130 467 Same as Zia 

Z1s unlimited (4) 333 297 130 467 Same as Zia 

Za, 2,500 (4) 379 297 130 225 Capital, h og space 

Z a1 4,000 (4) 333 297 130 467 H og space. May and N ov. competitive 

Zas 6,000 ( 4) 333 297 
la bor , F e b. p oultry la bor . 

130 467 Same as Z a1 

1949-53 p r ices; 75 percen t pa rity m ilk 

z,. 2,500 (4) 462 297 130 183 Same as Z12 

Z20 4,000 (4) 333 297 130 467 Sam e as Zia 

Z 21 6,000 (4) 333 297 130 467 Sam e as Z i a 

Z22 unlimited ( 4) 333 297 130 467 Same as Zia 

• The explanation of earlier t ables also app ly t o tables 12 a nd 13 (see ea1·lie r text and foo tnote t o tables) . In t h~ s itua tions of tabl es 12 a nd 13, a ll 
labor is competit ive (type A of table 2) excep t for s it ua tions Z aa, Z37 an d Zas w her e s upp lem entar y la bor (t yp e B of table 2) is included . 

t The number (4) r efers t o t h e f ourth level (P, ) of grain f eeding (see earlier d iscussion of activities). 
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TA B LE 12. UNITS OF L IVESTOCK FOR 11 SITUATIONS WITH 
RESTRICTIONS ON S[ZE OF HO G ENTERPRISE. 

Situation\ 

I Number ani mals or birds Percent farm feeds 
Capi tal sold or unused 

level Dairy \ Spring \ Fal l \ 
($) cows l itters litters Hens Corn Hay 

1949-53 prices; grade A milk 

Z 1:! 2 ,500 6 19 8 11 2 13. 1 14.6 

Z 13 4,v00 4 19 8 287 6.3 30.8 
z,. 6 ,000 4 19 8 287 6.3 30.8 

Z 1r; un limited 4 19 8 287 6.3 30.8 

Z30 2,500 5 19 8 139 13.1 22 .7 

Z37 4,000 4 19 8 298 6.3 30.8 

Z3s 6,000 4 19 8 298 6.3 30.8 

1949-53 prices; 75 p erce n t parity milk 

Z10 2,500 6 19 8 112 13.1 14.6 
Z,o 4,000 4 19 8 287 6.3 30.8 
Z,1 6 ,000 4 19 8 287 6.3 30 .8 
z,, un limited 4 19 8 287 6.3 30.8 

TABLE 13. COMPARISON OF PROFIT ABOVE F IXED COSTS FOR 
( 1) SITUATIONS WITHOUT AND (2) S ITUATIONS 
WITH, SPACE LIMITATIONS FOR HOGS. 

Situations 
compared 

Zi a vs. S1 :1 
Z 14 vs . S H 
Zn; vs. S 1:-, 
Z:n vs . S 3 7 

Z 38 vs. S :H! 
Z 1.9 vs. S1 0 

Z :!O vs. S 20 

Z :!I vs . S 2L 

Wit h restr ict ions 
on hogs 

( Z s ituatio ns) 

$6,326 
6,326 
6,326 
6,213 
6,2 13 
6,277 
6 ,277 
6,277 

Without res trictions 
on h ogs 

( S s ituatio ns) 

$7 ,828 
7,828 
7,828 
7 ,802 
7 ,R02 
7,574 
7, 574 
7 .574 

The level of grain feeding increases because 
space limitations curtail the ability ?f hogs t~ com­
pete for grain. Six dairy cows ar~ mc_luded m the 
plan fo r situations Z12_ and Z1.n while five co':"? are 
included for Z30 • (As m prev10us plans, addit10nal 
young stock is included on the farm; ~he nu_mbers 
in table 13 refer only to the cows bemg milked.) 
The remainder of the situations include only four 
dairy cows since the poultry enterp_rise is lar~er 
and restricts the amount of labor available for milk 
cows. 

All of these situations include a poultry ent~r­
prise while the parallel situations without restnc­
tions on hogs did not always include poultry-or 
they included a considerably smaller poultr?' enter­
prise. In other words, if hogs are not restncted by 
space or other consideratio_ns, th~y are abl~ to out­
compete poultry on a profit basis for gram, labor 
and capital. 

For situations presented in table 12, capital 
limits the enterprise combination only for situa­
tions Z1o Z19 and Z36• Even in these cases, how­
ever it fs not the sole limiting resource, and hog 
spac~ and/ or November labor interact with ~t to 
determine the plans shown under t he three situa­
tions. Under situations Z13, ZH, Z15, Z20, Z21 and 
Z00 with only competitive labor (type A of table 
25 ~'May labor also is a limiting _resource and helps 
determine the final , most profitable plan. Under 
the remaining situations, Za1 and Zas, Febr uary 
labor for poultry also is limiting. Grain and hay 
were the main limiting resources under the parallel 
situations without restrictions on the hog enter-
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prise. However, with space limitations for hogs, 
the changed combination of enterprises draws on 
labor supplies of months which limit the plan be­
fore feed supplies become limitational. 

A considerable portion of hay supplies would go 
unused under the situations of tables 12 and 13. 
However, if beef cows had been allowed to come 
into the plan without capital restrictions, the fol­
lowing number of cows for raising beef calves 
would have been included: Z12 and Z19, two cows; 
Z3a, three cows; all other situations, four cows. 

Space limitations for hogs require plans which 
give lower profits than when restrictions on the 
size of this enterprise do not exist. As t able 13 
shows, plans with restrictions on the hog enter­
prise average about $1,500 less than those without 
restrictions. (Fixed costs, which are the same for 
all situations and do not vary with livestock pro­
grams, still need to be subtracted from these fig­
ures to give net profits.) 

EFFECT OF RESOURCE ALLOCATION AND 
RATIONS ON PROFIT 

The data above show that, if profits are to be 
maximized, even such decisions as the optimum 
grain ration for dairy must be related to the farm 
as a whole. In this case, whether or not a particu­
lar ration for dairy cows is optimum depends on 
the availability of space for hogs. If more or less 
space is available, hogs profitably use more or less, 
respectively, of the grain which might be used for 
a heavier concentrate feeding of dairy cows. It is 
possible, of course, for profits to be only slightly 
greater under a maximum profit plan than under 
some other organization where a particular ration 
is fed. For example, profit may be lowered slightly 
if the farmer feeds grain level 2 (P2) or level 4 (P4) 
rather than level 3 (the optimum level in most of 
the solutions presented in tables 6 and 7) . To 
examine these possibilities, programs were com­
pleted for several situations where a non-optimum 
grain ration is used for dairy cows. 

Table 14 includes the figures for Situation S12. 
The first line is for the original maximum profit 
solution in table 6. The other lines include situa­
tions with the same resources and prices as S12, 
except that level 1 of grain feeding was "forced" 
into the solution for line 2; level 2 was "forced" 
into the solution for line 3, etc. If grain level 4 is 
used, rather than 3, profits are depressed by $228. 
Grain levels 1, 2 and 5 cause somewhat greater 
sacr ifices in profits. These figures apply, of course, 

TABLE 14. RELATION OF ALTERNATIVE DAIRY RATIONS ON 
PROFIT. 1949-53 PRICES AND GRADE A MILK. 

Animals in optimum plan 
Leve l of gra in 

S ituation feeding for Dairy Litters of Profit above 
dairy cows * cows p;gs fixed cost s 

S12 and g rain level 3 P a 5 37 $7,828 
S 12 and gra in level l P 1 5 37 7,524 
S 12 and gra in level 2 P , 5 37 7,581 
S12 a nd g r a in level 4 p ,. 5 37 7,600 
S 12 a nd g r a in level 5 P o 5 37 7,417 

• P , notations refer to t he g rain levels a nd dairy managem en t s ituation s 
outlined earlier in t h e text. 



to price situations used, namely 1949-53 prices 
with grade A milk prices. 

Differences would be smaller or larger as (1) 
hog prices were respectively lower or higher or (2) 
dairy product prices were respectively lower or 
higher. Other situations in table 6 have dairy 
product prices which are lower relative to hog 
prices than those used for the 1949-53 comparisons 
of table 14. Hence, profit sacrifices from usino­
rations other than grain level 3 (P3 ) would be eve; 
greater than those shown. 

PROFIT EFFECTS OF PLANS 
TO MEET RISK 

The plans outlined above are those which, given 
the prices and input-output coefficients used max­
imize profits under the several resource situ~tions. 
Farmers may not use plans corresponding exactly 
to the results because: (1) They have different 
price or input expectations; (2) they attempt to 
combine their enterprises to minimize risk and in­
come variability. The first point is not of particu­
lar concern since linear programming can be used 
to solve the most profitable plan for any set of 
prices or input-output coefficients relevant for a 
particular farm. 

The procedure does not provide a dfrect basis 
for comparing the advantages of one plan with an­
other from the standpoint of risk. This section has 
been included, however, to compare returns and 
plans which include diversification "forced into 
the plan" to spread risks. 

rwo_ appr~aches are used in accomplishing this 
obJecbve: First, enterprises including eight cows 
and 100 hens (with the auxiliary young or replace­
ment stock as explained in description of activ­
ities) are "forced" into the plan as diversified en­
terprises to meet risk. Spring and fall hogs then 
are allowed to come into the plan in a manner to 
maximize profits, given the restraints of using re­
sources for a minimum of eight dairy cows and 100 
hens. 

Second, spring and fall hogs are combined into 
a si~gle enterprise or activity including equal pro­
port10ns of the two. This amounts to saying that 
one litter of fall pigs will be farrowed for each 
litter of spring pigs to spread price risks. This 
combination h~g activity is included, along with 
poultry and dairy cows, in the initial matrix and 
the opt~mum program is determined by linear pro­
grammmg. 

PLANS WITH RESTRAINTS OF A MINIMUM OF 
EIGHT COWS AND 100 HENS 

Table 15 shows the number of animals and birds 
included in the best plan when r esources must be 
used for a minimum of eight cows and 100 hens (of 
~ourse, more cows and hens are allowed in the plan 
1f they can use resources more profitably than 
hogs). 

The two situations, designated as X12 and X13 
are the same as situations S12 and S13 except that 

TABLE 15. OP TIMU M LIVESTOCK ORGANIZATION AND R E ­
LATED ITEMS WITH MINIMUM OF E IGHT DAIRY 
COWS AND 100 H E NS. 

Number dairy cows 
Litters spring p igs 
Litters fall pigs 
Number hen s 
Bush els corn sold 
Percent gra in used by: 

Da iry cows 
Spring hogs 
F a ll h ogs 
Poultry 
Sold 

Percent hay used by: 
Da iry cows 
H ogs 
Unused 

P rofi t above fixed costs 

Situa tion X 12 

8 
12 
12 

100 
678 

8 31 
35 

5 
21 
84 
16 

0 
$6,557 

Situation X 1:1 

8 
12 
19 

100 
0 

8 31 
56 

5 
0 

84 
16 

0 
$7,139 

they require that resources be "saved out" for a 
minimum of eight cows and 100 hens. Situation 
X12 includes 3,267 bushels of corn, 68 tons of hay 
equivalent, type A competitive labor, $2,500 in op­
erating capital and 1949-53 prices. Situation X13 is 
~he sa~e, except that it includes $4,000 of operat­
mg capital. 

With operating capital limited to $2,500 under 
X12, the plan includes eight dairy cows, 100 hens 
and 12 litters each of fall and spring hogs. The 
plan is the same under X13 with $4,000, except that 
the number of litters of fall hogs moves up to 19. 
Poultry and dairying are not, of course, increased 
beyond the original restraints explained above. 
Spring hogs are limited in both cases by forage and 
pasture. However, a farmer might reorganize his 
labor supplies and shift some of the fall hogs back 
t? ~pring-ysing less pasture per litter. Capital 
limits the size of the fall hog enterprise under X1 o 

while grain limits it under X 13• _, 

This _orga~ization of enterprises would give a 
less variable mcome than the organization outlined 
in ta~les 6 and 7 for situation s S12 and Sm which do 
not mclude the diversification restraints for 
spreading risks. 10 

Income under S12 is $7,115, or $558 greater than 
for X12 ; under Sia, it is $7,828, or $689 greater than 
for X13._ S~nce thE:se differences are not extremely 
great, 1t 1s possible that many farmers would 
choose the plans of X12 and X13 over the plans for 
S12 and S13. The latter are more specialized and 
more "risky" with a large spring hog enterprise, 
no fall hogs and less reliance on dairy and poultry. 
Undoubtedly, much of the dairy and poultry prod­
ucts comes from farms that have selected these en­
t~rprises, of a moderate size, to help minimize 
n sk. 

PLANS WITH RESTRAINTS OF SPRING AND FALL 
LITTERS IN EQUAL PROPORTIONS 

Table 16 provides the optimum plans where the 
r_estraint on use of resources is that fall and spring 
litters must be produced in equal numbers to 
10 This s tatem ent is substantiated by the publication: Brown , William G. 

and ~ ead_y, ~arl 0 . Economic instabilit y a n d choices involving incom e 
a nd ri s k rn h ves tock and poul try p r od uction . Iowa A g r . E x p . Sta. R es. 
Bui. 431. l 955. 
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TABLE 16. OPTIMUM LIVESTOCK ORGANIZATION AND RELAT­
ED ITEMS WITH SPRING AND F 'ALL LTrl'ERS TN 
E QUAL NUMBERS. 

Item S ituation R a:1 S ituatio n R 30 Situation R 3; 

Number dairy cows 7 3 4 
Litters spring pigs 8 17 16 
Litte rs fal l pigs 8 17 16 
Number hens 0 15 174 
Bushe ls corn so ld 1,670 0 0 
Units of product ion: 

Dairy 497 245 286 
Spring hogs 11 8 270 245 
Fall h ogs 118 270 245 
Pou ltry 0 24 285 

P rof it above f ixed costs $5,069 $6,227 $6,530 

spread price risk. Two situations, R 36 with $2,500 
and R37 with $4,000 of capital, are the same as S36 
and S3, except for this restriction. '' Situation R •• , 
is the same as S12, except that it includes only 
$1,500 in working capital. 

With only $1,500 in operating capital (Rau ), 
eight litters each of fall and spring pigs are in­
cluded in the optimum plan. Limiting resources 
are capital and November labor. Since (1) there is 
an ample amount of labor in other months and 
since (2) hogs use only a small portion of the for­
age, seven dairy cows and no poultry are included 
in this plan. A total of 1,670 bushels of corn is 
available for cash sale; some hay is left over. 

With $2,500 in capital (R3o), the most profitable 
plan includes three dairy cows, 17 litters each of 
fall and spring pigs and 15 hens. The limiting re­
sources are corn, capital and November labor. 
1 1 They also a re the same as S1:! a nd S1 3 except that R 3o and Ra, inc lude 

su pplementary labor (type B in table 2) for poultry (a nd S ie a nd S1, 
do not put restriction s on producing sprin g and fa ll pigs i n fixed pro­
port ions). 
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With more capital, hogs compete with dairy and 
cause the latter enterprise to contract. Capital, 
however, is still too limited to allow much poultry. 
To use more capital for poultry would lower pro­
fits. 

Under Ra, with $4,000, operating capital is not 
limiting, and poultry comes into the plan up to 17 4 
hens (and 125 chickens raised per 100 hens; see 
eal'lier discussion on units of output) . Limiting re­
sources are now coi-n, November labor and Febru­
ary supplementary labor for poultry. 

The costs of diversifying fall and spring litters 
to spread r isks (i.e., producing them in equal pro­
portions) can now be examined. Under SaG with­
out this restriction, profits above fixed costs are 
$7,520; they are $6,227 under Rao- Under S31, pro­
fits are $7,802, as compared with $6,230 under R31, 

Selecting a farm organization to spread risks 
causes a sacrifice of $1,293 in the first instance and 
$1,272 in the second. These quantities may seem 
quite large as t he costs of selecting a farm organ­
ization to spread risks. 

The farmer in a secure financial position would 
not likely use these risk precautions. He could 
weather price setbacks of individual years, or 
could use farm outlook infor mation to specialize 
within the year to maximize profits relative to 
changing price ratios. However, the farmer with 
less capital or a smaller equity and less ability to 
use farm outlook information might well prefer 
one of these "risk spreading" alternatives. Again, 
it is likely true that the organization of the ma­
jority of farms includes some of this precaution, 
rather than revolving entirely around profit max­
imization. 
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