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Specialization and Pork Production Methods 
• 

In Relation to Over-All Farm Resource Use 

and Integration 
BY E ARL o. HEADY, J "A.MES R. GIBBONS AND GEORGE IRWIN 

Rapid changes have been taking place in the tech­
nology of agriculture. These technical chang,es have 
important implications for the structure of farming. 
They affect the size and degree of specialization of 
enterprises and farms . Some also alter the compara­
tive advantage of different producing regions and the 
concentration of output in particular areas. An out­
standing example in this respect has been broiler 
production. In contrast to the prewar pattern, broiler 
output is now concentrated parti cularly on farms with 
highly speciaJized enterpris,es. Also, the center of 
production has shif ted fro m the Corn Belt states to 
the Southeast. 

Aro similar trends likely to occur in pork produc­
tion 1 The technology of producing pork has <:!hanged 
greatly in the last decade. One of the more recent 
innovations has been the development of more special­
ized hog systems built on multiple litters throughout 
the yea r. Historically, th e common Corn Belt systems 
l1ave included either spring litters alone or spring and 
fall litters in combination. The newer systems, how­
ever , include farrowing as frequently as four and six 
times per year. If the latter systems come to pre­
dominate on Corn B-2lt farms, the nation's pork output 
could be produced on many fewer farms. In general, 
these farms would specialize more in pork production 
than has held true in the past, although they wouldn 't 
necessaril y produce only hogs. 

This study ·wa s initiated to examine the profitability 
of the more specialized pork production methods 
within the framework of maximum returns to the 
farm as a whole. The purpose of the analysis is to 
determine whether 4-litter and 6-litter systems have 
more or less advantage than the systems convention­
ally used on Iowa farms. Answers to questions such 
a this, however, cannot be obtained simply by com­
paring different hog sys!-ems. It is necessary to ex­
amine po-rk production methods r elative to the over-all 
organiza,tion of the farm, because enterprises compete 
for the use of scarce supplies of labor, land and 
capital. 

.Analysis is made of optimum, or profit-maximizing, 
organization of farms on two s.oil types and with 
different amounts of capital and managerial skill. 
This procedure is followed because the most profitable 
pork production method may well differ, depending 

1 Project 1328 of the Iowa Agricultural a nd Home Econ omics 
Experiment Station . 

on the quantity and quality of resources available to 
the farmer. The m2thod of analy ·is allows the more 
specialized 4-litter and 6-litter hog systems to be con­
sidered as investment alternatives, along with the 
Iil.0re conventional pork production methods and crop 
and livestock enterprises. Since the study is one of 
over-all farm organization or resource use, plans which 
maximize profits at different capital levels are com­
puted. Those p lans indicate the various crop and 
liv,estock enterprises and investment alternatives 
which gi v-2 greatest returns for particular resource 
situation s. Hence, they indicate the conditions under 
which the specia lized hog systems do or do not have 
advantage under specified Iowa farming conditions. 

OBJECTIVES 

The purpose of this study is to examine the relative 
advantage of various hog syst ems, including methods 
under contract farming, on 160- and 240-acre farms 
in two soil areas. Specific objectives arc: (1 ) to deter­
mine whether, and by how much, income might he 
increased by use of th e more intensive multiple-farrow­
ing hog production syst-ems as compared with conven­
tion al systems; (2) to determine which hog production 
syst-e.ms are best adapted to farms with different 
types of soib, various amounts of capital and alterna­
tive managerial practices; ( 3) to estim ate the effect of 
different pork production systems on optimum farm 
resource use and income; and ( 4 ) to estimate the 
possible effect on farming methods if increased capital 
is made availab1e through vertical integration or con­
tract farming. 

FARl\[ SITUATIONS S1'UDIED 

This study considers farms typical of Iowa with 
r espect to general crop and livestock production. It 
does not refer to units which produce hogs only as a 
specialized activity. Other studies have shown that 
there is not a '' standard plan '' which is equally 
adapt,ed to all farms. The best plan or production 
method has been :found to vary ·with type and amount 
of capital, type of land, labor availability and em­
ployment, level of management and size of farm. 
H ence, the analysis which follows considers farms in 
two somewhat contrasting soil areas which r epresent 
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different sizes, amounts of labor , capital resources 
and levels of management. 

RESOURCE CIIARACTERIS'rICS 
AND SUPPLIES 

LAND RESTRlC'fIONS 

The analysis was made fol' 160-acre and 240-acre 
owner-operated farms in t wo contra sting soil ar eas : 
Clarion-Webster, the level soils of north-0entral Iowa, 
and Shelby-Grundy-H aig, the rolling· and -hilly soils 
of southern Iowa wh ere a relatively laxge proportion 
of the land is in permanent pasture? For purposes 
of this study, it is assumed that the same cropping 
system. can be used on the Clarion and W cbster soils. 
The two types of soils, ther efore, are not differ entiated 
for the analysis which follows. Because of the differ­
ences in pr oductivity and erosion hazards of soils in 
the Shelby-Grundy-Haig series, however, three groups 
which are considered to be different from the stand­
point of cropping opportunities are distinguished: 
class I , which includes mainly Haig soil with slope of 
0-1 percent; class II, which includes mostly Grundy 
silt loam of more than 1 percent but less than 5 
percent slope; and claSi III, which includes all land 
of more than 5 percent slope and is mostly Shelby. 
The stratifi ca tion of t·he two soil situations is shown 
in table 1. 

TABLE 1. CLASSH'ICATION OF SOILS FOR PROGRAM­
MING ANALYSIS AND PECIFICATIONS OF 
CROPPING SYST EMS. 

Use Cla l'ion-vVebs te r 
(percent) 

Cultivated __________ __ ________ 93 , 9 
Class I -------------------- ······· 
C lass IL------------------······· 
Class IIL----------------- ····· .. P e rmanent pasturB ____________ 3.3 

·w oodla nd a nd farm s tead ______ 2.8 

S helby -Grundy-Haig 
(pe rcent ) 

69.6 
10.1 
42.9 
16.6 
27.2 

3.2 

MANAGEMENT RESTRICTION' 

Not only does land differ among geographic loca­
tions, but also man ag,ement differs among farm of 
the same soil type. H ence, to determine how manage­
ment ski ll might affect the best pork pro luction 
system, three levels of man ag-ement have been ex­
amined for each of the soi.l situation s studied . These 
three levels, specified as A, B and C, ar e r epresented 
by the different technical coefficients or input-output 
ratios used for crops and livestock. H ence, they denote 
different production practices. 

The coefficien ts selected to r epresent A , B and C 
management levels were not intended to typify any 
pa1ticula r level of management skill among the popu­
lation of farmers. Production techniques r epresented 
by A- level management conditions, however, approach 
those used under experimen tal conditions. Those re­
presented by B conditions approach management 
found on the hetter commercial farms with large hog 

2 For soil type descriptio ns, see : Simon son, R. W ., Riecken, 
F. F. a nd Smith, C. D. Und e rs ta nding I owa soils. W illi a m C. 
Brown Co., Dubuque, Iowa . 1952. pp, 38-43, 82-89. 
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enterpr ises while those r epresented 1 y C conditions 
approach management found on typical or average 
fa rms with commercial hog· enterpl'ises . 

• 
BUJLDING RESTRICTIONS 

Farms in the Clarion-Webster ar ea are assumed to 
have 15 units of specialized hog bui ldings and 18 units 
of space that can be used for cattle or hogs. Farms 
in the Shelby-Grundy-Haig area arc assumed to have 
18 unit. which can be used for either class of livestock. 
A ru.1it is the space (about 50 squ are feet) which is 
required for one sow and litter 0 1· for one beef cow 
and calf. Building· space may be purchased in either 
case for $85 per unit. Size of ente1·prisc is initially 
limited to buildings available on t he farm . A build­
ing purcha e-alternative allows livestock systems to 
expand beyond this limitation, but the capital require­
ment is increased by the cost of new buildings. 

Enterprise size for beef cows with calves feel out, 
steer calves lrylot-fod and steer calves pasture-fed was 
limited by the buildings ava ilab le for the farm situa­
tions specified. Thus, ma,-,.cimum size is: 30 head of be-ef 
co ,vs, calves both old out and fed out, and 45 head 
of steer calves pasture-fed (see table 8) . S~ze of the 
hog enterprise is initially limi ted to buildi11gs avail­
ab le on the f rnm as follows: for !he 1- and 2-littei· 
systems, only the availabl e building space ma y be 
used ; for the 4-l itter system, shelter for the nursing­
growing-finishing period can b:; conver ted from avail­
abl e bui ldings, and th e space previously mentioned 
may be used; for the 6-litter system, shelter needed 
for th e growing-fattening period can be converted 
from ava ilable buildings, and the space previously 
mentioned can be used. Capital initially is provided 
for other buildings needed by the 4- and 6-littcr 
systems. The building-purchase alternative allows 
expansion beyond th e space or building limitations 
already mentioned. 

CAPI'l'A L RESTRI CTIONS 

Since availability of funds may affec t the enterprise 
and resource combin ation for the optimum farm 
organization, plans have been computed assumin g 
sever al different supplies of operating capita l. Operat­
ing capital includ es funds whi ch can be used on any 
of th e enterprise. described later. The lo1rcr capital 
level may be r,epresentative of conditions facing young 
farmers. The higher capital levels more nearly rep­
resent those of established and experienced operators. 
Aside from harvestin g machinery fo r corn and soy­
bean , suffi cient farm machinery to crop each farm 
is as ·umed. It is assum ed t hat specialized liv,estock 
equipment used must be purchased. 

LABOR RES'l'RICTIONS 

Separate labor r estrictions for farm organizations 
are used for the following groupings: D ecember­
January-February, March-April, May-June, July­
August and September -October-November. Labor sup­
plies on 160-acre fa r ms for these groupings are sum­
marized in table 2. In addition to family and opera­
tor labor, hourly labor can be hired for $1.10 per hour 
during May and June for all enterprises. 

It was assumed that a full-time hired man was 
available on 240-acrc farms. Accordingly, the labor 



TABLE 2. HOURS OF FAMILY PLUS OPERATOR LABOR 
AV A ILA.BLE I N SPECIFIC PERIODS AS DIRECT 
LABOR INPUTS ON 160-ACRE FARMS. 

Period W ork ing H ours/day T o ta l h ours 
days 

D ec.-J a n.-Feb. ___ _____________ _ 78 8 624 
March-April __________________ 52 8.5 552 
May-June __________________ ___ 52 1 0 520 
July-Aug. _____________________ 52 1 3 676 
Sept.-Oct.-Nov. ________________ 78 8.5 663 

available would be twice that shown in table 2. The 
hourly labor-hii-in g activity is not included for 240-
acre farms. 

M TSCElJ L,I NEOUS RESTRlCTlONS AN D COEFFICIENTS 

Labor requirements are those demanded directly for 
the enterJ)rise or rotation. Labor an d other cost of 
harvesting ,hay are charged to the cattle which con­
sume it. Meadow is considered to be harvested for 
hay only if i t is to he fed in drylot. Other rotation 
forage and unused permanent pasture is grazed or 
left idle. Hay cannot he bought or sold. Oats and 
corn can be purchased, sold or fed to livestock. While 
specialized livestock equipment necessary for a parti­
cular plan or fanning system must be purchased, it 
is assumed tliat hay and grain storage facilities are 
adequat e for the size of crop en terprises allowed by 
t he various resource r estrictions outlined in this 
section. 

Capital coefficients for 2-litter syst,ems under A 
management and B management include the cost of 15 
and 10 squ are feet , respectively, of concrete floor per 
fall pig weaned. Similarly, for A and B management, 
the 4-litter system, capital coefficients include per­
manent farrowing faci lities, sow shelter s and concrete 
feeding floors, while th e 6-li tter system includes now 
permanent farrowing· facilities, sow shelters, nursing 
shed and feeding f loorn. These inputs ar e not entered 
as discrete restrictions because purchase at cost is 
all.owed. 

Capital inputs or requirements for cattle feed ing· 
enterprises include the cost of 32 and 20 square feet, 
r espectively, of concrete floor ing per head fatten ed 
by type A and C managers. 

PRICES USED 
Prices used in this study ar e summarized in table 3. 

They r epresent long-run pri0e ratios between com­
modities, with adjustment to a price level relative to 
corn at $1.20 per bushel. The method used in ad­
justing these prices to obtain their long-run r elation­
ship to each other is as follows : The average product 
price over a complete '' price cycle' '3 is divided by 
the average corn price over the same period ; this 
quotient is then multiplied by $1.20. Th e first step 
guarantees that the historic price relationships be­
tween commodities are maintained. The second step 
adjusts all prices to the $1.20-per-bushel corn price 
level. As lon g as these r,elationships continue, t he 
farm plan which ma ximizes profit will be the same, 
regardless of the absolute price level. Of course, t he 
amount of profit ,vill vary wit!h the price level. 

Cattle and hogs prices used for farms with A and C 
management differ equally from prices used for B 

8 The price cycle p eri ods u sed were 19 27-57 for cattle, 1951-57 
f or hogs a nd 1953 - 57 for grain s . 

TABLE 3. AVERAGE ADJUSTED I NPUT-OU TPUT P RICES 
ASSUMED FOR THIS STUDY.• 

Item Unit Date bo ug ht or sold Price 
Seed (Iowa prices) : 

A lfalfa ______________ lb. 
Smooth bromegr ass - . - lb. Oats ________________ b u. 
Corn ________________ bu. 
Soybeans ____________ b u. 

Feed (Iowa prices) : 
Cattle supp lem ent ___ cwt. 
H og supplem e nt" ____ cwt . 

F ertilizer (U.S. prices) : 
N itrogen _____________ lb. 
Phosphoru s __________ lb. 
Po tassium ___________ lb. 

Crops (Iowa prices) : 
Corn equi valent ______ bu. 
Soybean s ____________ bu. 

Buy M a rch 15------- $ 0. 50 
B uy Marc i, 15_______ 0.51 
B uy March 15 _______ 1.60 
B uy March 15 ______ 11.50 
Buy A pril 15 _______ 3.10 

Buy July i__________ 4. 7 5 
B uy July L --------- 6.50 

Buy April 15 ________ 0.13 
Buy April 15 ________ 0.09 
Buy April 15-_______ 0.0 5 

Se ll yearly average ____ l. 20 
Sell yea r ly aver ag,e ____ 2.29 

BarrO"ws 
H og-s (inte r ior Iowa g ilts 

prices) c ____________ cw t. Sell Jan. -----$15.74 
Sows 

$13.66 
14.05 
14.20 
14.93 
1 5.17 
14 .91 
14.62 
1 5. 01 
14.58 
13.60 
1 2.81 
12.98 
Sell 

Sell F eb. ____ 16.16 
Sell March ___ 16.17 
Sell April ---- 16. 87 
Sell May ____ 17 .58 
Se ll June ____ 17.9 3 
Sell July ---- 17.84 
Sell Aug. ____ 17 .84 
Sell Sept. ____ 16.70 
Sell Oct. ----- 15.22 
Sell Nov. ____ 14. 25 
Sell D ec. ____ 14.86 

Cattl e (Oma h a p r ices) :d Buy Sell Buy 
Dry lot calves --- - - - ---------Oct. Sept. $20.52 
Pas ture calves --------------Oct. Oct. 20.52 
L ong -fed yearlings __________ Oc t. July 18.89 
Short-fed year l ings _________ Oc t. M arch 1 8.89 
Sh ort-fed yearlings _________ A pril Sept. 19 .31 
B eef cow ___ _______________ _ __ Year 
B eef calf ---- --------------- __ Oct. 

$22.28 
22.13 
21.73 
20.52 
22.28 
14.85 
20.52 

a Add ition a l de t a il on m ethod o f d eriving prices m ay b e ob­
t ained from: Irwin , G. D . Effect s of p ork production t echniques 
on optimum farm r esource use. U n published M.S. thesis. Iowa 
S t a te U niv e r s ity Libra r y , Ames, Iowa. 1959. 
b Composite price of 10 percent sow s upplement, 3 percent 
prestart er, 12 percent s t a rter, 30 percen t g r ower , 45 p ercent hog 
s upple ment. 
c Li s ted hog prices a r e fo r farms with B m a n agem ent. A dd 
$0.40 pe r hundredweight for f a rms ·w ith A m a n agem ent ; subtract 
$0.4 0 pe r hundredweight for farm s w ith C m a n agement. 
ct Lis ted cattle prices are for farms w ith B managem ent. Adel 
$0 .99 pe r hundredweight for farms w ith A management; sub­
trac t $0.99 pe r hundredweight fo r f a rms w ith C management. 

management. For example, the average adjusted price 
for choice 900- t o 1,100-pound slaughter cattle in Sep­
tember is $22.28 per hundred pounds, and the price 
range assumed was $21.29 to $23 .27. Hence, the 
prices used for choice 900- to 1,100- poun.d slaughter 
cattle in September are $23 .27 for type A manage­
ment, $22.28 for B mana gement and $21.29 for C 
management. This sa.me relative margin differential 
among management levels wa s us,ed for all cattle 
prices. A similar procedure was used in computing 
hog price differentials, with the difference being $0.40 
per hundr,cdweig·ht between management levels. The 
$0.40 variation reflects variation in the ability of A , 
B and C managers to market effectively. 

ENTERPRISES 

Th e basic enter prises considered in th is study in­
clude eight rotations with two levels of fertilization 
for each two beef-cow systems, four feeder cattl e 
systems and eight hog systems. All enterprises con­
sider,2 d compete with each other for use of the 
limited resources. 

CROP E N TERPRISES 

The crop rotations which can he used vary with tihe 
land class. Rotations considered for farms on Clarion­
W ebster soils include corn-corn -oats-meadow ( CCOM), 
corn-soybeans-corn-oats-meadow (CSbCOiVI ) and corn-
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corn-soybeans (CCSb ) . These rotations are also al­
lowed for class I soil in the Shelby-Grundy-Haig area . 
F or cla. · II soils of the Shelby-Grundy-H aig complex, 
rotations allowed are corn-corn-oats-meadow ( CCOlVI ) , 
corn-soybeans-corn-oats-meadow ( CSbCOl\I ), corn­
corn-oats-meadow-meadow ( CCO '1M ), and corn-oats­
meado,v ( COM ) ; for class III soils, the rotatio1 
allowed ar e corn-oats-meadow (COM ), corn-oats­
meadow-meado'\v ( COlVIlVI) and corn-corn-oats-mead­
ow-mea dow (CCOMM ) . 

240-acre owner-operated farms must b deducted.~ 
However, fixed costs do not affect tho selection of the 
maximum profit plan. Fixed costs for the 240-acre 
fa rm are increased over t he fixed costs on the 160-
acr e fa rm by the cost of one year-around 'hired man 
and the fixed cost of larger equipment needed for the 
240-acro farm. 

LIVES'l'0CK EN'l'ERPRISES 

Resource r equiremen ts for livestock units ar e speci­
fi ed in table 8 . . A.· mentioned earlier , the three levels 
of management or technical skill6 ar e represen ted by 
varia tions in feeding efficiency, sellin g dates and 
prices, pract ices used and amount invested in equi1 -
ment and facilities. Thus, t he effect of the three 
manag,ement levels is reflected in the basic input­
outp ut data used. In the main part of the anal ysis, 
th e 6-litter hog system is not considered for farms 
with B management , and neither the 4- nor 6-litter 
hog· sys tems are considered for C-mana ged farms. The 
more specialized en terprise are assumed to be incon­
sistent " ·ith t he managemen t levels used in the e two 

Two levels of commer cial fert ilization are considered 
for each rotation: an intermediate and a high level 
for A management denoted by the subscripts 1 and 2, 
respectively, and a high level and no fer tilizer for B 
and C management, deno ted by the subscripts 2 and 0, 
respectively. The intermedia te level for A manage­
ment (1 ) is the sa me as tiho high level (2 ) for B and 
C managemen t. A combination of a rotation and 
ferti lization level is called a cr op activi ty. Resource 
requirements for the various cropping sys tems are 
shown in ta ble. 4, 5, 6 and 7 .4 

Market value minus variable cost is the net r evenue 
shown in these tables for each of tl1 e activities. To 
determ.ine net income from the revenue figure, fixed 
costs which have been estimated for the 160-acre and 

ituations . . As a specia l examination of the possibility 
of the management bein g provided by contractual 
servic,e, h0\1-ever, a brief analysis is made later of the 

' Crop y ielcls a nd f e rtili zation rates are obt a ined from: Shracle r, 
vV. D .. Scha ll e r, F . ,v., P esek , J. T ., S lus her, D. F. a nd Riecke n, 
F. F. Estimated crop y ie lds on Iowa so il s . Iowa Agr. a nd Home 
Econ. Exp. Sta. and Iowa Coop. Ext. Serv. Spec. Rpt. 25 . April 
1960. 

5 D et a il s of fixed cost estimation are explai ned in: Irwin, G. D. 
Effects of pork prod uct ion t echni qu es on optimum farm resou rce 
use. U npub lished M.S. th es is. Iowa State U ni vers ity L ibra r y, 
Ames, Iow a. 1959 . 
• T hese levels are r ep resen ted by managem ent leve ls A, B and C 

TABL E 4. RESOURCE REQUIREMENTS, NET REVENUE AND PHYSIC.AL OUT PUT PER ACRE OF Sl~L ECT ED CROPPING 
ACT IVITIES FOR THREE MANAGEMENT LEVELS ON C L ARION -WEBSTER ASSOCIATION SOILS. 

Man agement Ite m CCOM CCOM CSbC0M CSbCOM -CCSb CCSb 
level O or ia 2 0 or 1" 2 0 or 1" 2 

A ________ Labor (man- hours) _____ _____ 4.48 4.48 4.85 4.85 7.06 7.,06 
Operating capita l" ($) ________ ll.53 14.50 11.09 13.73 14.44 19.27 
Net r evenue 0 ($) _____________ 36.40 39.30 40.55 42.57 53.26 56.57 
Feed g r a in produced (bu.) ____ 39_55 44.38 31.94 35 .10 40.77 46.67 
Hay produced (ton s) ___ ______ 0.75 0.85 0.60 0.68 0.00 0.00 

B ________ Labor (man-h ours) ___________ ,1.30 4.32 4.4'1 4.62 6.81 6.81 
Operating capital" ($) ________ 7.48 13.47 7.56 12.91 8.55 17.38 
Net r evenuec ($) _____________ 32.05 36.02 34 .81 3 .0 7 43.70 53 .94 
Feed grain procluc cl (bu. ) ____ 32.6 2 40 .81 26.45 32.05 30.50 44.17 
H ay prnclucecl (tons) ______ ___ 0.58 0.68 0.46 0.56 0.00 0.00 

c ________ L a bor (man-h ours) ___________ 4.21 4.23 4.44 4.52 6.9 1 7.0 1 
Ope rating capita l" ($) ________ 7.12 13.08 7.21 12.54 7. 83 16.65 
Ne t revenue ' ($) ____ ___ _ __ _ __ 29 .84 32 .1 0 31.97 33 .11 41.43 50.14 
F eed grain prod uced (bu.) ____ 30.50 37.25 24.40 29 .00 28.33 41.6 7 
Hay produced (tons) _________ 0.45 0. 50 0.36 0.44 0.00 0.00 

" S ubsc r·ipt num ber (0) on rotation symbol mea ns no ferti li zation; it app li es to farm s itua ti on s \\" ith B a nd C managem e nt. S ubs­
cript ( 1 ) r e fe r s to inte rmed ia te fert ili zatio n ra te u sed by opera t o rs at A management leve l. Sub sc ri pt (2) refe r s t o hi gh nl.t e of 
fe r ti li zati on for a ll th ree management s itua ti on s ; h owever, (2) r ep resents a hi g he r r a te of fert ilization a t A managem ent level than 
a t o th er man agement levels. 
• Oper a t ing cap ita l r equ irements inc lud e fund s r equired for prod ucti on cost, s uch a.s sp ray in g, s he ll ing, seed a.nd fer tili ze r. 
c N e t r evenue is n1 arket value n1 inus va ria ble cos ts. 

I'ABLE 5. RESOURCE REQUIREMENT S, NET REVENUE AND PHYSICAL OUT P T PER ACRE OF SELECT ED CROPPING 
ACTIVITI ES FOR THREE 1\IANAGEMENT LEVELS ON SHEL BY-GRUNDY-HAIG ASSOCI ATION SOILS, CLASS 
I SOIL." 

M a nagem e nt Ite m CCSb CCSb CCOM CCOM 
2 

CSbCOM CSbCOM 
2 leve l O o r l b 2 0 or l" 0 o r 1• 

_A ___ _ _ _ __ Labor (man-hours) ____________ 7.06 7.06 4.48 4.48 4.85 4.85 
Ope ra t in g capital0 ( $) ____ _____ 13.59 17. 27 10.81 13.13 10.34 1 2.30 
N e t revenued ($) ______________ 45 .26 49.77 29.88 31.09 34.57 35 .64 
F eed grain pr ocl uced (bu. ) ______ 33.40 39.33 33. 59 36.50 26.79 29.00 
H a.y prod uced (ton s) _______ ___ 0.00 0.00 O.!i8 0.65 0.46 0.52 

B __ __ __ __ L a bor (man-h ours) _________ ___ 6. 81 6.91 4.30 4.37 4.54 4.62 
Operati ng capita.Jc ($) _______ _ __ 8.40 15.85 7.38 12.14 7.48 11.49 
Net r venued ($) _______ __ __ __ 35.89 44 .90 26 .3 2 28 .5 2 30.24 32.82 
Feed grain pr oduced (bu. ) ____ 24.50 36.00 27.81 33.56 22.25 26.75 
H ay produced (ton s ) ____ ______ 0.00 0.00 0.52 0.61 0.42 0.49 

c ___ ___ __ L a bor (ma n-h ours) ____________ 6.91 7.01 4.39 4.46 4.54 4.62 
Operatin g capita l0 ($) __________ 7.35 14.31 7.03 11.76 7.14 11.13 
Net r evenu ect ($) __ _ __________ 43.42 40 .15 24.77 25 .33 28 .37 29.53 
F eed g rain prorlucecl (bu . ) ______ 24 .00 32.67 26 .25 30 .62 21. 00 24.50 

,--=-~~---H=--=a"'-y-"-p '---'ro'---'d'--'l'--'lC:..::e.=.d (ton s ) _ - - - - - o. 00 _ __co.:.... 0.:...0:..-,-____ _co...:. 5_0 _____ --'-0 . ...:5_8 _____ 0.:...._4.:...0 _____ o:_._4 6'--
n So il c lasses a re desc ribed in the sec tion on la.n cl r estrict ion s in the text. 
• S ub sc ri pt number (0) o n rn ta tio., sy mbol m e~ n s no ferti'i za ti on: it a pp lies t o fa rm s itu :1.ti on s wi th l a nd C manage m en t. Subs­
c ri pt /11 r efer s to inte rmedi a te fert ili zati on r ate userl by A operator s a.t A manage ment level. Subscript (2) refers t o hi g·h r a te 
of fe rtilizRt ion for a ll three m a n agement s ituation s ; however, (2) represents a hi gh er r a t e of fe rti li za ti on at A ma.na.gem ent level 
th a.n a t othe r management leve ls. 
c Opera.ting capita.I requirem ents inc lude fu ncls r eo uirecl for production cost, s uch as spray ing, s helling, seed a nd f ertili zer. 
d Net r evenue is marke t val ue m inus vari able cost s. 
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'l'ABL E 6. RESOURCE REQUIRI':)fENTS, NET REVENUE AND PHYSI CAL OUT P T PER ACRE OF SELECT ED CROPPING 
ACTIYlTIES FOR THREE MANAGEMENT L EVELS ON SHEL BY-G R UNDY-HAI G .ASSOCI ATION SOILS, C L ASS 
II SOTL." 

Item CCO:M CSbCOM CSbCOJ\I CCOMJ\l COM Ma nagement 
level 0 or lb 

CCOM 
2 0 0 r 1" 2 0 

ff .61 
8.52 

26.34 
28.70 

0.96 

o r 1" 
CCOMM 

2 0 or 1• 
COM 

2 
A __ L abor (man-hours) ___ _____ 4.48 4.48 4.85 

Operating cap ita l• ($) _____ 10.79 13.20 1 2.34 
N e t re\'e n ued ($) ___ _ ______ 29 .93 31.3 2 34.41 
Feed grain p rocl ucecl (bu.) __ 33.61 36.75 26.89 
H ay produced ( t ons) _______ 0.58 0.65 0.46 

B __ L abor ( ma n -1 ,ours) ________ 4.30 4.32 4.44 
Operating capital• ( $) _____ 7.36 12.18 7.46 
Net r evenu ecl ($) __________ 25.59 28.63 28 .51 
Feed grain p r ocl ucecl (bu.) __ 27. 19 33.69 21.7 5 
Hay produced (tons) ______ 0.52 0.61 0.42 

c __ L a b or ( m a n-hours) _________ 4.21 4.23 4.44 
Operating capi ta l• ($) _ _ ____ 7.0 1 11.80 7. 1 2 
Ne t r evenued ( $) ________ 23 .59 25 .30 25. 60 
F eed g r a in p rod uced (bu. ) __ 25 .25 30.6 2 20.20 
Hay p r od uced (tons) _______ 0.50 0.58 0.40 

4.85 
U .34 
36 .1 0 
29.40 

0.52 
4.62 

11.52 
32 .34 
26 .95 

0.49 
4.52 

11.16 
28.14 
24.50 

0.4 6 

3.45 
5.9 4 

23.25 
24 .1 0 

0.81 
3.53 
5.6 5 

20 .99 
22.00 

0.70 

3.6 1 
10.23 
26.83 
30.60 
1. 08 
3.51 
9.39 

23 .96 
27.55 

0.95 
3. 59 
9.08 

20.60 
24 .50 

0.82 

3.50 
9.34 

23.60 
27.02 

0. 77 
3.28 
7. 17 

20.76 
22.92 

0.70 
3.29 
6.98 

18. 62 
21. 00 

0.67 

3.50 
10.82 
2•1.54 
29. 0 0 

0.87 
3.33 

10.19 
22.22 
26.58 

0.82 
3.35 
9.98 

1 9.49 
24.17 

0.77 
• Soil c lasse s a re desc ribed in the secti on on la nd res tri c ti on s in the t ex t. 
b S ubscript number ( 0) on r o ta ti on symbol means n o fertilization ; it app lies t o farm s itua tions w ith B a nd C m a n agem ent. . S ubs ­
cri pt (1) refe r s t o inte rmedi a t e fe rtiliza tion r a te used by operators a t A m a nagem ent leve l. S ubscript (2) refe rs t o hig h r a t e of 
fe rtilization f or a ll three m a n agem ent s itua tions; h owever, ( 2) represents a hi g her r a t e of fer tili zati on a t A management leve l tha n 
a t o ther m a nagem ent leve ls. 
c Operating capita l r eq uirem e nts include funcl s r equired for production cost s, s uch as spraying, s h elling, seecl a nd fe rtilize r . 
d Net r evenue is ma rke t value minus var iable cos ts. 

T ABLE 7 . RESOURCE REQUIREMENTS, NET REVENUE AND PHYSICAL OUTPU T PER ACRE OF SELECT ED CROPPING 
ACTIVIT IES F OR THREE MANAGEMENT LEVELS ON SHELBY-GRUNDY-HAIG ASSOCIATION SOILS, CLASS 
III SOIL." 

M a n agem ent Ite m COi\I 
leve l O or lb 

A ________ L a bor ( m a n-h ou rs) ____________ 3.50 
Operatin g capita l • ( $) ----------10 .92 
Net r evenued ( $) ______________ l 0.4 0 
F eed g r a in proclucecl ( bu. ) _____ 17 .46 
H ay prod uced (ton s) __ ________ 0.4~ 

B ________ L a bor (man-hours) ___ _________ 3.27 
Ope,-ating capita l• ($) __ _______ 6.77 
Ne t r evenued ($) ______________ 8.33 
F eed g r a in produced (bu.) ______ 12.37 
H ay produced ( t ons) __________ 0.30 

c ________ L a bo r (man-h ours) ___________ _ 3.29 
Operating capita l• ( $) _____ _____ 6. 58 
Ne t reven ued ( $) __ ___________ _ 7.4 6 
F eed g r a in produced (bu.) ______ 10.64 
H ay pr od uced ( tons) __________ 0.27 

COM 
2 

3. 50 
1 4.40 
10. 57 
20.47 

0.60 
3.33 

13.83 
8.82 

18.54 
0.55 
3.35 

13.65 
6.66 

16.60 
0.50 

COMM 
0 or lb 

2.6 3 
8.45 
7.6 5 

13.6 9 
0.80 
2.53 
5.11 
7 .52 

10 .35 
0.53 
2.4 8 
4 .93 
6.79 
9.60 
0.35 

COi\Ii\I 
2 

2.6 3 
11.29 

7.6 0 
15.69 

0.95 
2.4 7 

10.68 
6.20 

13.96 
0.85 
2.52 

10.67 
4.55 

1 2.45 
0.7 5 

CCOMi\I 
0 or lb 

3.61 
10.34 
11.4 7 
19.7 2 

0.64 
3.45 
5.83 

10.50 
13.4 8 

0.32 
3.53 
5.46 
9.98 

12. 74 
0.2 8 

CCOMM 
2 

3.61 
14.04 
1 0.78 
20.47 

0.76 
3.51 

13.3 2 
8.70 

1 8.16 
0.6 8 
3.59 

1 2.93 
6.6 3 

1 5.84 
0.60 

• Soi l classes are descr ibed in th e secti on on la nd r est r ic tions in th e text. 
" S ubscript number (0) on r o t a ti on symbol m eans no ferti lization ; it a ppl i s to fa rm s ituation s \\' ith B a n cl C ma nagem ent. Subs­
c r ipt (1) r ef r s to inte rmedi a t e f rtiliza ti on rate u sed by oper a t or s at A m a nag-e m ent leve l. S ubsc ri p t (2) refe r s t o hi g·h r a t e o f 
fertilization fo r a ll th ree manag-e m e n t s itua ti ons; h owever, (2) represents a hig h r r a te of fe rtili za ti on a t A m a nage ment level 
than a t o ther managem ent levels. 
c Oper a ting capital r equ irem e nts include funcls r equired for produ c tion cos t. s uc h as s pray ing. s helli ng, seecl a nd fe rti li ze r. 
d Net revenue is m a rke t value minu s vari a ble cos ts. 

possibility of using these s~, t ems on farms with less 
advanced management skill s. 

B eef enterpi·ises .7 Eight beef enterprises are al­
lowed to compete for scarce l'esources. Good-to-choice 
400-pouncl ca lves purchas-ed in October may be pas­
ture-f.cd or drylot-fecl. Good-to-choice yearlings ma.y 
be long-fed or short-fed. If short-fed, two groups ar e 
feel out a year. Th e operator may 1have beef cows 
with the choice of selling calves as feeders or feeding 
them for sa le as fat cattl e. 

Hog systems. For the 1-litter system, gilts a.re se­
lected and bred to farrow in late May and are moved 
to pasture 2 week. later. Pig' are weaned at 6 to 8 
weeks, and all sows are sold after they dry up. P igs 
are feel on pasture, allowed to glean cornstalk fields 
and finished in drylot to be sold in December or later 
depending on outlook information. Death loss aft er 
weaning i 1.5 per cent. 

Sows farrow twice yearl y, February through April 
and August thrugh October , for the 2-litter system. 
Spring pigs are moved to pasture for growing and 
fini shing. Fall pigs are finished on cornstalks and in 

7 Input-output clata on ca ttl e e nte rpri se m ay be found in : Irw in. 
i b·icl. ; a n cl H eacly, E a rl 0 . and L oft sgarcl, L a ure l. F a rm pla nning 
for maximum profits on th e C resco-C lyde so il s in northeas t 
Iowa. Iowa Agr. Exp. Sta . R es. B ui. 450. April 1 957. 

drylot. Pigs a.re ,reaned a t 6 to 8 weeks of age. Re­
placement gilts are kept as n eeded. 

The 4-litter hog system, allowed only for farmers 
with A and B management, includes two groups of 
sows -farrowing twice yearly . E ach group fa rrows in 
winter and summer, with 1 month between groups dur­
ing each farrowin g season .8 This farrow ing system 
avoids heavy labor r equirements for hogs during the 
busy spring and fall crop season. The litters and sows 
are moved from the farrmving house to the nursin◊'­
growing-finishing shed when the pigs ar e 2 weeks old. 
At 4 to 5 weeks, the pigs are weaned by moving' the 
sows to the sow colony. The pigs r emain in the sheds 
and arc kept in confinement on concrete until sold. 

The 6-litter system, allowed only for farm s ·with A 
management , includes three groups of sows farrowing 
twice a year so that pigs are produced in 6 months of 
the year. Litters are moved from the farrowing house 
to nursing sheds at 2 weeks of age. After weaning at 
4 to 5 weeks, the pigs are moved to growing-fattening 
sheds and finished on concrete. Sows are transferred 
t o the colony after pigs are weaned. 

OTHER ACTIVITIES 

A shortage of labor in May and June often limits 

8 Farrowing el a t es a nd input-output data on sw ine may be fo und 
in Appendix A a ncl a lso in Irw in, op. cit. 
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TABLE 8. RESOURCE REQUIRJ;:J\tENTS AND RECEIPTS OF SE LECT ED LIVESTOCK ACTIVITIES FOR THREE M ANAGEJ\IENT L EVELS. 

L a bor F eed 
A.ctivi ty D ec.- J an .- M a rc h- J\lay - July- Sept.- Co rn B uil d ing a nd manage m ent le Ye l Feb. April June A ug. Oct.-Nov. equiv. Haya Pas ture s pace Cap ita l 

(bushe ls ) (tons) ( clays) ( units)" ( $) 
Beef cow s, sell cal f 

A --------------- - -------- 4.39 2.97 3.4 6 3.11 3.98 0.00 1. 20 267 .0 0.0 225 .72 B ------------------------ 4.39 2.97 3.4 6 3.11 3.9 8 0.00 1.20 267.0 0.0 214.6 3 
C ------------------------ 4.39 2.97 3.46 3.11 3.9 8 0.00 1.20 267.0 0.0 204.22 

Beef cows, f eel -o ut calf 
A ------ ------------------ 7.59 4.51 6.76 8.33 7 .56 51.1 0 2.07 30] .2 0.6 356 .41 
B ------------------------ 7.59 4.51 6.76 8.33 7.56 45 .44 1.97 29 7.4 0.6 33~ .32 C ------------------------ 7.59 4.51 6.76 8.33 7.56 39. 76 1.88 283.6 0.6 319.42 

Steer calves, clry lo t-fecl 
A ------------------------ 3.01 2.38 3.G 0 ~.33 2.29 66.30 0.71 0.0 0.6 1 26 .96 
B ------------------- - ---- 3.01 2.38 3.60 5.33 2.29 66. 30 0.71 0.0 0.6 126.96 
C ------------------------ 3.01 2.3 8 3.60 5.33 2.29 66.30 o. 71 0.0 0.6 119.56 S tee r ca.Ives, pas ture-feel 
A ------------------------ 3.20 1. 55 3.60 5.27 2.41 50.80 0.96 38.0 0.4 126.71 
B ------------------------ 3.20 1. 55 3.60 5.27 2.41 50.80 0.96 38.0 0.4 1 23 .75 
C ------------------------ 3 20 1. 55 3.6 0 5.27 2.41 50.80 0.9 6 38 .0 0.4 118.58 

Y earlings, Jon g -fed 
A ------------------------ 6.30 4.20 4 .87 1. 7 2 3.82 54 .20 1. 26 0.0 0.0 165.07 
B ------------------------ 6.30 4.20 4 .87 1.7 2 3.82 54 .20 1. 26 0.0 0.0 162.07 
C ------------------------ 6.30 4.20 4 .87 1.7 2 3.82 54 .20 1. 26 0.0 0.0 157.67 

Y ear l ings, s h o rt-fed 
A ______ ____________ · _____ 6. 30 4.20 4 .23 5.06 7.16 80.20 1. 94 0.0 0.0 182.3 5 

Hogs, 1-littc r 
A ------------------------ 4.35 3.02 3.72 3.3 2 4 .6 8 113 .14 0.03 37 .44 0.7 5 144.96 
B ------------------------ 4.35 3.02 3.72 3.32 4.68 105.45 0.02 29 .38 0.7 5 1 23.18 
C - ----------------------- 4.3 5 3.02 3. 72 3.3 2 4.68 107. 49 0.00 25 .50 o. 75 104 .1 2 

Hogs, 1-litter 
blclg . purch ase 

A ------------------------ 4. 35 3.02 3.72 3.32 4.68 113.14 0.03 37 .44 0.00 20 8. 71 
B ------------------------ 4.3 5 3.02 3. 7 2 3.32 4 .68 105.4 5 0.02 29 .38 0.00 186.93 
C ------------------------ 4. 35 3.02 3.7 2 3.32 4.68 107.48 0. 00 25 .50 0.00 167.87 

Hogs, 2-litte r 
A ______________ ___________ 10 2r, 7.79 5.64 6.70 8.77 213.89 0.05 36.4 8 1.00 290.0 0 
B ------------------------ 8.8 1 8.6 5 6. 27 5. 72 9.71 202.82 0.03 31.30 1.00 222 .11 
C ------------------------ 8.50 7.2 5 7 .79 5.64 9.99 206 .9 2 0.00 23 .38 1.00 169 .16 

H ogs. 2- l itte r , 
b lcl g . purc hase 

8.77 213.89 0.05 36.48 0.00 375.00 A 
________________________ 1 0.26 

7.79 5.64 6. 70 
B ------------------------ 8.81 8.6 5 6.27 5.72 9.71 202.82 0.03 31.30 0.00 307 .11 
C ------------------------ 8.50 7.25 7.79 5.6 4 9.99 206 .9 2 0.00 28 .38 0.00 254.16 

H ogs, 4- litte r, 
partia l b ldg. purc hase 
A ________________________ 22 .19 11 .87 1 2.64 1 2.33 18.54 423.70 0.1 0 0.00 2.4 0 318 .06 
B ________________________ ?2.03 13.2 6 12. 26 12.64 

Hogs, 4-litte r , 
17. 38 40 1.0 5 0.10 0.00 1. 88 296 .59 

comp le te b ldg. purc hase 
A ________________________ 29 .19 11.87 1 2.64 1 2.33 18.54 423 .70 0. 1 0 0.00 0.00 4 68.06 
B 

________________________ 22 .0 3 
13.26 12.26 1 2.64 17.3 8 40 1. 05 0.1 0 0.00 0.00 414.09 

Hogs, 6-litte r , 
pa rt ia l b ld g . purch ase 

20.8 9 20.4 2 27.42 637 .20 0.15 0.00 2.40 1,107.00 A ________________________ 29 .06 18 .90 
Hogs, 6-litte r, 

compl e t e bl dg. purch ase 
A 29 .06 20 .89 20.4 2 18.9 0 27.42 637.20 0. 15 0.00 0.00 1.257.00 

" H ay feel to h ogs is purc h ased. Ex pe n se is inc lud ed in va riable cost s . 
" One unit = 50 sq ua r e fee t , o r e n o u g-h s pace fo r 1 sow a ncl 2 l ittcl'S per year o r f o r 1 beef cow a n d calf. 

c Net rece ip ts is the ma rke t value n1inu s varia ble costs. 

Net 
rece iptsc 

($) 

66 .68 
5 7 .95 
49.6 1 

16 2.85 
129 .55 

98.77 

130.33 
11 2.49 

95.43 

130.41 
111.96 

94.42 

106 .04 
89.00 
72 .51 

156.24 

254.6 8 
202.83 
161.08 

25•1.68 
~02.83 
161.08 

520.52 
418.14 
332.31 

520 .5 2 
41 8.1 4 
332.U 

966.54 
84 1. 00 

966. 54 
8"1 .00 

1.4 00.02 

1,400.02 



livestock production on Iowa farms. 'rherefore, for the 
purpose of this stud~-, laboi- may be hired in May and 
June on 160-acrc farms if it returns more than the 
wage r ate of $1.10 per hour. A labo1·-purchase activity 
is included for this period to allo"· expansion of tl{e 
livestock program through hired help. As a result, 
labor d urin g· other per iods can be more fully u tilized, 
and a larger income is allowed. Th e hourly labor­
buying activity is not included fo i- 240-acre farms. 

The mcclel employ,ed all ows the operator to sell 
corn (feed gr a ins) for $1.20 a bushel or to feed it 
depending upon which adds more to net r eturns. If 
net return is in cr eased by more than $1.30 a bushel 
by fe.2ding corn, gr ain can be purc hased. Cattle build­
ings ca n be used for either cattle or hogs. H ence an 
activity is incl uded to all ow such us :2 . Costs inclu'ded 
in hog production activities for r epair of specialized 
buildin gs are as urned to cover conversion expense. 

-:\IETHOD OF ANALYSIS 

Linear programming techniques have been used in 
this study to detern1in e optimum farm progra ms in­
cluding alternative hog product ion systems. A modifi­
cation of th e ordinary simplex method of linea r pro­
gramming -was used to all ow continuous variation of 
the capital restrictions fro m zero to an unlimited level. 
This method a llo\\·s spccifica tions of maximum profit 
plans for each level of capital and shows the changing 
pa t tern of optimum resource use associated with cap­
i tal supp ly. The following specific steps were taken 
in the analysis : · 

1. Profit-maximizing, variabl e ca pital })lans werr 
computed and are presented for 160-acrc farms in each 
soil area at each management level and for 2-!0-acrc 
fa rm s in each soil area at the A-management level. 

2. P lans on 160-a crn farms wi :h similar capital 
levels are compa red at the three management levels. 

3. Effects on in come of grain, hog buildin g and 
May-Jun e labor purch ases are analyzed. 

4. Plans for basic C-managed 160-acre fa rm situa­
tions are th en r ecomputed and analyzed, assumin g 4-
and 6-litter hog systems using A management a.· a 
pr?duction alternative. Thus, the A-managed 4- and 
6-htter systems are allowed to compete " ·ith C­
managed alternative ac tivities for farm r esources. As 
mentioned previously, this step is taken to determine 
the profitability of commercial or contractual systems 
·which might provide superior manao·ement to far ms 
which lack capital and more effi~ient managerial 
skills. 

5. P lans fo r A-level management are r ecomputed 
and ?.nalyzcd_ a_t a di screte capital level, with a capital­
lendi_ng prov1srnn for th e 4- and 6-litter systems. This 
step 1s taken to determine wheth er contra ctual schem es 
providing for th ese systems are profitable on farms 
which have sufficien t managerial skill · p r esent but 
?re . hart on capital. Add itional " outside" capital 
1s assumed to be availabl e for breeding stock and cash 
exp~us~ for the multiple-farrowin g hog systems. This 
capital 1s assumed to be r epaid at 6 percent interest 
from sal es reeeipts at the end of th e yea r. The pur­
chase of an.v necessar~- additional buildings and equip­
ment also is made with operating capital. 

. These comparisons ,vcrc made to help answer ques­
trn_n_s such as : " What are the effects of capital avail­
ability on the fa rm a a whole and on the optimum 
hog productio1~ syst~ . ' ' ·'Do highly specialized hog 
fa rms proclucmg pork on a large-sca le basis have 
advantages over tl1 c more typ ica l general farm in 
Iowa?'' ' ' .Are the more specialized systems likely to 
bring concentration of hog production on a few 
fa rms ?" " I-Io~,- does th::i lcYel of management alter 
selection among conventional pork production methods 
and the more specialized multiple-farrowing sys­
tems ?'' 

OPTl l\fG}I PL"\NS F OR 160-~\ CRl~ FARMS 
ON CL},RION-WEBSTBR SOILS 

}Iaximnm prnfit plans fo r 160-acre o,rner-opcrated 
farms in th e Clarion-Webster soil area are pre ented 
in this section. Fir st, p lans are presented for the 
three levels of management to determin e whether the 
management skill of the operatm might be important 
in determin ing th e best hog s~·st-cm. Second, p lans are 
present,ecl for several capital levels to illustrnte how 
the best pork production method va ries with the funds 
available . Third, p lans are presented wh ere added 
re. ources are allo\\·ed. The last step is used to deter ­
mine whether elimination of competition for capital 
and labor among enterprises mi ght giv-e more ad­
vantage to th e high]~- specialized mul t iple-farrowing 
system. 

C·LEVEL M.\ N AGEMEN'l' 

Tabl e 9 and fig. 1 present the plans at six capital 
levels for farms with C man agem en t or production 
practices used on all enterpri ses. Th e second co lumn 
indicates the amoun t of oper ating capital" required 
by each plan; the third column indicates the n et 
income," while the fourth column indi cates the rota­
tion and livestock enterprises whi ch ar c optimum for 
the particular capital level. Column 7 in d1catcs which 
r esources, besides capital, are limiting, while th e last 
hrn columns indicate the amount of grain and labor to 
be purchased. 

"\Vh en capita l is ver y limited , other fi xed r esources 
are not fully used. Th,ey ar e es,;enti ally '' free goods,'' 
and their u se r epresents no cost to the firm in this 
particul ar case. Ca.pita l , ho\\·ever , is scarce, and there­
fore, the e1_1terprise which gives the highest r eturn 
per doll ar mv_e. ted i~ chosen firs t . Accordingly, at 
the lowest capital level (plan 1 ), a cash-crop rotation 
?'ithout fertilization provides th e optimum plan. No 
livestock: are produced because crops give th e high est 
return on the limited funds. First , the entire 150 
acres are planted to th e CCSb0 rota tion. land becomes 
limiting, and additional capital is th en used to add 
fertili zer to th e rotation (plan 2) . Once crops ar e 
planted, crop fertiliza tion provides th e highe.-t re turns 
on sc?r c~ ca1)ital. With $2,503 of operating capital, 
fertilizatrnn 1s more profitabl e than investment in any 
type of hog system. As still mor e capital is added, 
additional r-esources become limiting and affect the 
combination of enterprises whi ch ma ~imizes profit at a 

:. Op_er a ting capita l does no t inc lude fixed capita l. 
Fixed expen ses or $1, •129 were subtrac t ed from n et revenue t o 

obta in net inco n1e . 
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TABLE 9. CLARION-W EBST ER SOILS: OPTI11'[1JM FARM PLA.J.'l'S FOR C MANAGEMENT ON 160-ACRE FARMS "WITH DIF­
FERENT QUANTITIES OF OPERATING CA PITAL A VAILA BLE. 

Capi ta l N e t L evel Additiona l l\Iay-June 
Plan le ve l incon1 ea Enterprise resources Corn surplus l a b or 

( $ ) ( $ ) Acres Litte r s lin1itingb or d e fi c it • hired 
{bus h e ls) ( h ou r s) 

l, ____ _ _________ l,177 
2, ______________ 2,503 
3, ___ ___________ 2, 7 3 5 

4,79 8 CCSbo 150 L a nd +4,258 0 
6,107 CCSb,, 1 50 L a nd + 6,263 0 
6,222 CCSbe 1 50 P asture + 5, 97 8 0 

Hogs, 2-litte r 4 
4, ____ ---- ------3, 6 56 6,5 71 CCS b2 144 M ay-June + 4,7 96 0 

CCOMo 6 la bor 
Hogs, 2-litter 14 5, __ ____________ 5,040 7,0 25 CCSb, 144 H og b uil ding + 3,09 0 0 
CCOM2 6 
Hog , 2-litte r 30 

6, __ ___________ - 6, 9 27 7, 640 CCSb, 1 22 M a r ch-April + 76 5 119 
CCOM2 28 la bor 
H ogs, 2-litte r 54 

• N e t income w ith a ll v a riab le c os t s p lus f ix ed cos ts d educ ted from g ross r e turn s. 
b Shows addi ti ona l res ou r ce limiting . H e nce, f or each r ow . a ll r esources m enti on ed pre vio u s ly a ls o a re limiting. 
c A plus ( + ) indicat es a g r a in s a le , wh ile a minus ( - ) in d icates a corn purc h a se . 

MARCH - APRIL LABOR 

6,000 

w 
::E 
0 
(.) 

~3POO CCSb2 

"' 

0 2poo 4,ooo 6,000 
$ CAPITAL 

Fig. 1. Clarion-Webster Soils: Optimum farm plans fo r 
C management on 160-ac re farms with diffe rent quantities 
of operat ing capital available. 

given level of funds. Therefore, to maximize profit, 
farmer with lar ge capital supplies must choose quite 
different plans than do farmers ·who have similar 
r esources but more limited capital supplies. 

When capital is incr eased to $2,735, the 2-litter 
system is included in the optimum plan. It, r ather 
than the 1-litter system, comes into the p lan fir t 
because of high er return on capital, lower May-June 
labor requirements and lower pasture requirements. 
Capital input is low becau se the pasture-raising plan 
r equir-es fewer buildings than the more specialized 
plans or multiple-farrowing ystems. Labor is pur­
chased in the plans at higher capital levels becaus-e 
its imputed mar ginal return in hog production is 
gr eater than its cost per hour. The la1·gest amount 
of operating· capital shown in table 9 is $6,927. The 
specialized multiple-farrowing systems are 11ot allowed 
to compete for r esources under the C-level manage­
ment coeffici-::mts becau e it is assumed that the 
specialized systems r equire a higher level of manage­
ment than found here. If enough capital were added 
and labor were hired, r esources would eventually be 
allocated to cat tle foeding rather than to specialized 
hog systems. 

At capital levels of $3,656 and greater, the hog en­
terprise has used all noncropland or n ative pasture. 
More forage and p asture land for sanitation is needed 
if more hogs or other livestock are added. Consequent­
ly, CCOM2 is substituted for some of the CCSb2 at 
higher capital levels to provide the forag,e n eeds of the 
livestock. When crops alone are produced, the CCSb2 
rotation is most profitable. However , the shift of 
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some land to CCOl\h add ' more to profit when live­
stock ar-e included in tJhe plan. The substi tution of a 
rotation ,ri th a lower cash r eturn when livestock are 
added demonstrates that m a..---cimum farm return is not 
synonymous with maximum crop r eturn. 

The da ta of plans 5 and 6 indicat-e that it is profit­
abl e to produce pork with the techniques used for C 
manag-ement as long as buildings are available on the 
farm and only May-June la1 or has to be hired. When 
March-April labor i not available and forage must he 
obtained by substituting forage crops for corn and soy­
beans, a 5- percent r eturn cannot be earn ed on capital 
used in increasing hog production further under the 
price and production techniques u sed for C manage­
ment. 'I he marginal return on capital is about 20 
percent for capital added in plan 5 and about 5 per­
cent for that added in p lan 6. 

A diagrammatic presentation of the plans and data 
in table 9 is shown in fig. 1. The corners on the 
broken curve indicate the points. where the optimum 
plan changes. Tlie r elationship between the cropping 
plans and siz-e of hog enterprise, as variable capital 
is incr eased, is clearly shown in this diagram. 

B-LEVEL MANAGEMENT 

Maximum profit plans for B managemen t, 160-acre 
farms on Clarion-W ebster soils are shown in table 
10 m1d fig . 2. 

The CCSb 0 rotation gives the highest r eturn when 
capital is -extremely limitin g. The capital quantities 
used are those which r epresent " corners" in the 
production possibility relationship under variable r e­
source programming. A ''corner '' r epr es,ents each 
magnitude of capital where th e enterprises included 
in the optimum plan change. H ence, the first amount 
of capital is smaller for B management than for A 
management ( table 11 ) . It should be r emember ed that 
only operating capital, and not investment in real 
estate and machinery, is included in the funds in­
dicated. 

As capital is increased to $4,224 or more, hogs are 
included in th-e optimum plan. The 2-litter ystem 
ent-er s the plan because it produces maximum total 
r eturns to buildin g space, pasture and capital- th-e 
bundle of resources which become scarce in, use. The 
rotation does not change between plans 1 and 3 
( table 10 ) . 

With larger amounts of capital , further expansion 
of th e hog enterprise is profitable, but the increase 



TABLE 10. CLARION -WEBSTER SOILS: OPTIMUM FARM P L ANS FOR B MANAGEMENT ON 160-ACRE FARMS "WITH D IF­
FERENT QUANTITIES OF OPERATING CAPITAL AVAIL AB L E. 

Capi ta l Net Le,·e l Add ition a l May-June 
Plan level inco1nea Enterprise resources Corn s u rp lus la bor 

( $) ($) Acres Litters lin1itin g" o r defic itc h ired . (bus h e ls) (hour s) 
1. --------------1, 284 2, __ __ _________ 2,6 1 2 
3, __________ -- -- 4, 224 

5,139 CCSbo 150 L a n d + 4,584 0 
6,678 CCSb2 150 + 6,638 0 
7,94 7 CCSb-, 150 May-June +5,16 5 0 

H ogs, 2- litter 14 la bo r· 
4 , __ __ ---- ------ 5, 983 9,21 3 CCSb2 14 8 Hog bui ld ings + 3,568 45 

CSbCOM, :! 
Hogs, 2-litt r 30 

5, ____ ---- --- ___ 7,3 13 10,131 CCSb, 142 March-April + 2,298 76 
CSbCOM, 8 la bor 
Hogs, 2-litter 42 

6 ,-- -------- ___ 11,522 11,316 CCSb, 150 + 1,039 13 2 
Hogs, I-litter 13 
Hogs, 4- litte r 40 

7 , ___ __________ ll,929 11,404 CCSb, 150 + 1,228 119 
Hogs, 2-litter 8 
Hogs, 4-litte r 26 

• Net income w ith a ll variable costs plus fixed cost s ded uc ted from gross re turns. 
b S h ows a dditional resource limitin g . H e n ce, for each r ow, a ll r esou, ·ces me n tioned p r ev io us ly a lso are li mitin g. 
c A p lus ( +) indicates a grain sale, whi le a minus (-) indica t es a corn p urc h ase. 

requires a slight shift in rotation to meet the forage 
requirements of tb e hogs. When capital is at $6,983 
and $7,313, 2 and 8 acres, r .pectively, are shifted to 
the CSbCO:~'b rotation. (In actual .practice, a small 
acr eag,e might be diverted to .permanent-type hog 
pasture, with the remainder staying in the CCSb2 
rotation.) When capital is increased to $11,522, the 
hog enterpri ·e in the optimum plan changes to a com­
bination of 1- and 4-litter systems because of a short­
age of labor in the March-April period as well as in 
the 1\'Iay-June period when it can be hired. The 4-
litter system is combined with the 1-lit ter system to 
make the most profitable use of winter labor . Al­
though building· space is not as fully used under this 
plan, hog output per hour of labor in the limiting 
months i higher than with a 2-litter system. The 
added capital r esults in a net addition to income. 
Marginal r eturn, however, is only 5 percent at a cap­
ital level of $11,522. If the model allowed hiring of 
March-April labor, a higher return on capital could 
be obtained by adding ot1h.er enterprises. 

Net income as a function of operating capita1 is 
shown in fig. 2. The effect of limited March-April 
labor is indicated after an operating capital level of 

15,000 

12,000 

9,000 
w 
::E 
0 
u 
~ LANO 

~ 6,000 
LANO 

3,000 

0 2jJOO 

MARCH-APRIL LABOR 

HOG BLOG S. 

HOGS; 

2 - UTTER SYSTEM 

CSbCOM 2 

CCSb 2 

4 ,000 6 ,000 8,000 
$ CAPITAL 

$11,522 is r eached. The 4-litter system r eplaces the 
2-litter system, partly because the farmer u es less 
mea dow. Thus, the optimum cropping· plan rever ts 
to the CCSb2 cropping plan. 

A-LEVEL MANAGEMENT 

Optimmn plans for A management , 160-acre farms 
on Clarion-vVebster soils are pre ented in table 11 and 
fig. 3. 

Only fe rtilized crop rotations are included for A 
management t echniques. ( The crop choice is only 
among various rotations at intermediate and high 
rates of fertili zation. ) For C and B management, al­
ternativ included rotations without fertilizer . A 
CCSb rotation without fertilizer was the first capital 
investment made for any of the optimum plans under 
C management. F ertilization of t his same rotation 
ranked second in profitability of investment, at higher 
capita l levels. 

A CCSb rotation ferti lized at the first or lowest 
level is the first or most profitable investment under 
A management. Under the A level of management, 
21 unit ( 42 litters ) of the 2-li tter hog system and up 
to $8,626 of capital are used before the high rate of 

HOGS , 
2- LITTER SYSTEM 

HOGS , 
I - LITTER SYSTEM 

- --+-HOGS , 
4-LITTER SYSTEM 

10,000 12,000 

Fig. 2. Clarion-Webster 
Soils: Optimum farm plan s 
for B managem ent on 160-
acre farms with different 
quantiti es of op e rating 
capital avail able. 
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TABLJ,; 11. CLARION-vVEBSTER SOIL S : OPTrnr uM l!~ARM PLANS FOR 1-\ l\1ANAGEMENT ON 160-ACRE F A RMS WITH 
DIFFERENT QUAN TITIES OF OPERATING CAPITAL AVAILABLK 

Plan 
Capital 

level 
($) 

i_ _______ .l, 17 0 
2 ________ 3,945 

3 ________ 6,569 

4-_______ 8, 6 26 

5 __ -- -- __ 10 ,524 

6--------14, 570 

7 --------16,600 

Net 
incorn 

($) 

6,577 
8,1 92 

10,450 

1 2, 1 99 

1 3,191 

13,430 

14,643 

" 
Enterp ri se 

CCSb1 
CCSb1 
H ogs, 2-litte r 

CCSb1 
H ogs, 2- litter 
CCSb, 
CSbCOi\I, 
H ogs, 2-litter 
CCSb, 
CCOM. 
H ogs, -1-litte r 
Hogs, 2-litte r 
CCSb2 
CCOJ\J.2 
Hogs, 1 -li tter 
I-logs, 2- litte ,· 
I-logs, 2-litter 

b ldg. pu rchase 
Stee r calves, past.-fed 
CCSb, 
CCOi\I" 
Hogs, -1-litter 
Hog·s , 2-litte r 

. Acres 

1 50 
1 50 

1 50 

14 2 
8 

1 33 
17 

66 
84 

60 
90 

L eve l 

Litte r s 

12 

30 

42 

27 
24 

4 
24 

1 2 

20 

::--ros . 

45 

Add ition a l 
resources 
lin1it ingu 
• 

L and 
)lay-June la bor 

P astu r e 
Hog bu ildings 

i\Ia r c h-April 
la bor 

Cattle bu ildings 

Corn 

Forage 

Corn-surplus 
o r cl f ic iF 
(bushe ls) 

+ 6,1 28 
+ 4, 1 8 

+ 2,9 01 

+ 1,380 

+ 1,210 

0 

-620 

M ay-June 
la b o r 
h i reel 

( h o u r s) 
0 
0 

46 

79 

113 

121 

140 

bldg. purchase 24 
Steer calves, past.-fed ,15 

• Net income w ith a.II va ri a bl e cos t s plu s fixed cost s d educ te d from gToss r e turn s. 
b Shows additional resource limiting. H e nce, for each r ow. a ll r esources m e ntion ed previously a lso are limiting . 
• A plus ( +) in dicates a g r a in sale, wh il e a m inus (- ) ind icates a co rn purc hase. 
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12,000 

I.LI 

PASTURE 
HOG BUILDING 

CORN 
FORAGE 

:ii 9,000 
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u 

MAY - JUNE 
LABOR HOGS• 2- LIT T ER SYSTEM 

Fig . 3. Clarion-W ebster 
Soils: Optim um f.a rm plans 
for A managem 2n t on 160-
ac r e farms with differ ent 
quan tities of op e r at in g 
capita l avail able. 
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6,000 

CCS Bz 

2POO 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 

$ CAPITAL 

fertilization for the CCSb becomes most profitable. 
The hog ,enterprise returns more than the higher level 
of fertilization up to this cap ital level. Under both 
B and C managemen t, the fir t level of fertilizat ion 
was more profitable than livestock production at low 
capital levels (plan 2, tables 9 and 10 ) . 

Forage requirement for hogs are met at the $8,626 
capital level under A management with a partial sub­
stitution of a CSbCO~f2 rotation for CCSb2. Given 
limited capital resources, CSbCOM1 provides forage 
with less sacrifice in crop income than do other rota­
tions. With $10,524 of capital, CCOM2 r epla0es 
CSbCOM2 as the forage source, since returns from 
th,e added liv estock, corn and pasture produced ex­
ceed the value of soybeans sacrificed. To conserve 
March, April, May and June labor, the CCOM rota­
tion is used on 84 acres at th,e capital level of $14,570, 
and pasture-fed steer calves a.re added to utilize the 
increased forage production. With efficient manage­
ment for all ,enterprises, cattle feeding, r ather tha;n 
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specializ-ed hog enterprises, is used at high capital 
levels. This pattern allo"·s a better utili zation of labor, 
for both crop. and livestock, during the mon ths of 
the year when it is scarce and is not hired. Corn is 
purchased at the highest capital level. 

Figure 3 emphasizes the inten elationship between 
th-e hog system and cattle system and again the effect 
of r estricted March-April labor on the 2-litter hog 
system. If the model had allowed purchase of March­
April labor, or earlier farrowing of th,a spring litters, 
more hogs would have been produced at capital levels 
over $14,570. 

THREE MANAGEMEN'r LEVELS WHEN GRAIN 
AND LABOR ARE RESTRICTING 

Plans for farms opera ted under A, B and C man­
agement techniques have been reviewed in previous 
. ections. 'l'he plans presented were developed by a 



variable resource model of linear programming. Ac­
cordingly, particular plans are not strictly com­
para 1 le between mana gement types because they en­
tail use of different quantities of capital. The lowest 
or highest level of capital is not the same for one 
management level as for another. This differ ence 
ari ses because variable r esource programming pro­
Yides a plan at each point where a different resource 
becomes limiting. 'l'he point at which various r e­
sourc,es become limiti1w differs among th e three man­
agement levels because the input-output coefficients 
or r esource requir,cments are not the same. 

To compare plans under the three management 
systems, we now present programming r esults when 
certain r esom·ce restraints are made the sa me for the 
three manag,emcnt levels. ·while capital is still al­
lo•wed to differ , plans are completed when farms can 
use only the labor available from the farm family and 
when no grain can be purchased. (Actually, the plans 
arc for a situation wh r,e all grain pro luced is fed 
to livestock. ) The results ar e presented in table 12. 

LIMITED LABOR 

vVe first present plans which ar e optimum when 
labor must be restricted to the amount provided by 
the family supply. The 1·esults are provided in the 
upper part of table 12. Pla11s for 160-acre farms on 
Clarion-W ebster soil limited to family labor in May 
and June arc quite similar for all three management 
levels. E ach us.es the CCSb rotation, has a 2-litter sys­
tem and sells most of the grain raised. 

Differ ences in income because of the variations in 
technology for the different manag,ement types ar e 
relatively great for bogs, intermediate for cattle and 
small for crop enterprises. Hence, since crops provide 
the major part of income in this situation, net income 
do,es not differ extremely among the plans of the three 
management levels. The differ ence, shown in the top 
of tabl,e 12, is lar gely due to differences in r eturns 
from the small hog enterprise. Becau e the same num­
ber of hogs is marketed ( although fewer units ar e 
raised ) and becau.se crops are produced somewhat 
more efficiently, the r,eturn under A mana gemen t 1s 
$1,618 greater than for C mana"emcnt. 

Specialized hog production ,1·ith -!- or 6-litter ys­
tems does not enter any of the plan. · wh en labor i s 
limited to the family supply in the May-June period. 
The patt ern of th~ optimum plans ernerg,es so that 
sc11rce labor ca n be most effectively and profitably 
a ll ocated among crops and livestock. Since crops, in­
cluding a relatively large amount of corn, provide 
highest hourly r,etums to scarce labor, the hogs are 
produced in 1-litter and 2-lit ter systems. 

L I M I TED GRAI N 

Plans which involve feeding of all grain raised, 
without sal e or purchase, ar,e presented in the lower 
part of table 12. Labor in the May-June period can 
be purchased for th ese plans. 

Corn and corn equivalent produced for C, B and A 
mana gement situation s ar e, r espectively, 6,128, 6,628 
and 6,808 bushels. Under C management, less corn 
is produced because yields are lower, and more hay 
is grown to reJ,ease l\Iarch-April labor and furnish 
forage for hogs. The specialized hog system allowed 
under B man agement, in effect , substit utes capital 
for labor and forage. Thus, all ]and is row-cropped, 
and no forage is produced. (As in 1 r evious plans, 4-
and 6-litter systems are allowed for A management, 
while 4-litter systems are allo1red for B management. 
Neither of these system are allowed for C manage­
neent. ) The optimum cropping plan for A maJ1age­
ment includes a h igher production of forage, but the 
higher ferti lization rates and better mana gemen t pra c­
tices r esult in the largest corn production, as com­
pared with C and B managem2nt . To allow the best 
use of labor under A manag,ement, the plan includes 
hogs produced in the 1- and 2-litter systems and cattle 
feeding. The specialized 4- and 6-litter syst ems do 
not come into th e pl an , even though labor can be hired. 

In the optimum plan for A. management , 345 market 
hogs and 45 pasture-fed steer calves are produced. 
For B and C management, the number of market hogs 
sold is 353 and 260, r espectively, from the same num­
ber of crop acres. Because o-f variation in litter size, 
fewer so 11·s ar e needed to produce th e same num1 er 
of hogs under th e higher mana gement levels. Bet ter 
crop production techniques a !so a 11011· more grain for 

TABLE 1 2. CLARION -vVEBSTER SOILS: COMPARISON OF OPTil\CTJM PLANS ON 160-ACRE FARl\IS UNDER THREE 
M:ANAG-EMEN'l' LEVELS WI-IEN GRAIN AND LABOR A RE RESTRICTING-. 

l\Ia n agemen t 
leve l 

Optimu m p la ns w h en la b or is r estric ted to the M ay-June f a mily s upply 

Net incom e 
($) 

A ---------------- 8,19 2 

7,9 47 

C• ---------------- 6,574 

Oper a ting· cap ita l 
used ( $) 

3,945 

4, 224 

3,656 

Gl'a in solcl 
( bu. ) 
4,8 1 8 

5,16 5 

4,796 

Optimum pl a n s w h e n a ll g ra in is feel and n on e is pu1·c h asecl but la bor can 
Net income Ope ra t in g capita l L a bo r hi red 

($) used ($) ( h o u rs) 
A ------------ - ---13,430 14,570 1 21 

B• -------- --------11,316 

C• -------- -------- 7,640 

11, 522 

6,927 

132 

11 9 

Ente r p ri ses 

150 CCSb1 
12 H ogs, 2-litte r 

150 CCSb-2 
1 4 H ogs, 2- litte r 

144 CCSb, 
6 CCOl\I , 

14 H ogs, 2-litte r 
be hi rncl 

Ente rpri ses 

66 CCSb, 
84 CCOM-, 

4 Hogs, -1-litte r 
36 H ogs, 2-I itte ,· 
45 Stee r cRlves, 

pas ture f e el 
150 CCSb-2 

13 H ogs, 1- li tte r 
40 H ogs, 4- litte r 

1 22 CCSb-, 
28 CCOM" 
52 Hogs , -2 -li tte r 

• On ty pe B a n d C farms, feed g r a in was n o t a ll fe el a t a ny capital le vel hav ing a m a rg ina l r e turn of m o re U1 a n 5 pe rcent. 
pl a n s sh ow ing the la r gest use of feed gra in p r od uced are l is t ed in th e t a b le. 

The two 

22 1 



feeding. In addition, ,each bushel of grajn converts 
to a larger poundage of pork. Consequently, at capital 
levels which. permit labor-hiring and a larger livestock 
program, differences in. income among the three man­
ag,ement levels are greater. For exa mple, the differ­
ence in income for A and C plans is $5,790 in the 
lower part of table 12, but only $1,618 for plans in 
the upper part. A greater proportion of incom~ i. 
obtained from. livestock in the plans at the bottom of 
table 12. As mentioned previou ·ly, the premium for 
improved management practice is gr-eater for live­
stock than for crops. 

EFFECT OF RESOURCE HIRING 

When labor can be hired but livestock ar,e restricted 
to feed r aised on the farm, the p lans for the B-man­
agement situation include a 4-litter hog sy tern. Th.is 
hog production method, aided by h ired labor in th,e 
lVIay-J une period, allows a more efficient utilization 
of the family labor during other months when it would 
be in surplus supply and a heavier cropping progTam 
than under C management. In contrast, howev,er, the 
optimum plan for A management include cattle feed­
ing and the 1- and 2-litter hog systems. This combina­
tion of live, tock allows the most profitable utilization 
of feed grown in the CCOIVI rotation and the most 
efficient utilization of operator and family labor over 
the entire year. The optimum plan for C-management 
techniques includes only a 2-litter hog system. 

OPTii\IUM PLANS FOR 160-ACRE FARMS ON 
SHELBY-GRUNDY-HAI G SOILS 

Plans which maximiz-e p rofit for 160-acre farms on 
Shelby-Grundy-Haig soils ar e present,ed in tables 13, 
14, 15 and 16 and figs. 4, 5 and 6. A smaller propor­
tion of land in thi soil complex can be devoted to 

gr ain. Hence, with lower labor requirements for 
ci-ops and more labor ava ilable for livestock, programs 
were computed to determine whether the more special­
ized hog syst,ems. might now be included in the op­
timum plans even wh ere they were not specified for a 
160-acrn farm on Clarion-vVebster soils. 

Each of the three land classes has different crop 
rotations in the optimum plan ·. Roman numerals 
aft-:;r the rotation symbols identify the land cla s to 
1d1ich each rotation applies. Compari ons are made, 
as in the case of Clarion-vVebster soils, among plans 
for different capital levels and for different manage­
ment techniqu es of l,evels. 

C-LEVEL M.AK.IGEMEN T 

Optimum p lans for 160-acre farms operated with 
C management for all enterprises on the Shelby­
Grundy-Haig ·oils are in cluded in table 13 and fig. 4. 

The use of land and funds for the most grain­
intensive rotations permitted by soil conservation 
restrictions maximiz,es profit when capital is very 
limited (plan 1 ) . Only 49 acres of corn are grown, 
and no fertilizer is used. Thus, a very small amount 
of capital is needed for cropping. 

When capital is increa ·ed to $5,454 (plan 2), fertil­
izer is added to class I and II land. Hogs become a 
more profitabk investment alternative than fertilizer 
applied to class III land. The 2-litter system enters 
the optimum plan because it gives the highest r eturn 
to scarce capital. A beef cow enterprise with a calf­
selling aJternative also enters the optimum plan at 
this capital level. The hog enterpris,e could be ex­
panded here only by purchasing corn. Hay and forage 
are essentially " free goods" to cattle because they 
must b,e produced in the rotation, and they are not 
otherwise fully used. Too, under the coefficients or 
practices representing C management for Shelby­
Grundy-I-Iaig· soi ls, beef cows allow a more profitable 

TABLE 13. SHELBY-GRUNDY-HAIG- SOILS: OPTIMUM FARM PLANS FOR C MANAGEMENT ON 160-ACRE FARMS WITH 
DIFFERENT 

Capita l Net 
Plan level incon1en 

($) ( $) 

1 ________ 753 1,291 

2 ________ 5,454 3,131 

3 ________ 6,264 3,3 27 

4 ________ 8,6 52 3,652 

5. __ _____ 14,749 4,518 

6_ _______ 15,794 4,642 

QUANTITIES OF OPERATING CAPITAL AVAILABLE. 

Enterprise 

CCSbo I 
CSbCOMo II 
CCOMMo III 
CCSb, I 
CSbCOM, II 
CCOMMo III 
Flogs, 2-l itte r 
Beef cows, sell 
calves 

Same cropping plan 
Hogs, 2- li t te r 
Beef CO\YS, sell 
calves 

Same cropp ing plan 
Hog-s, 2-li tte r 
Beef cows, 

calves 
sell 

Same cropping pla n 
Hogs, 2-litter 
Flogs, 2-l itter, 

b ldg. pu rchase 
Beef cows, sell 

calves 

Same c ronping p la n 
Hogs, 2-litter 
Hogs, 2-litter, 

bldg. purchase 
Beef cows, sell 

L e vel 

Acres Litters Nos. 

16 
69 
27 
16 
69 
27 

24 

10 

24 

14 

36 

14 

36 

28 

1 3 

36 

34 

calves 1 2 

Additional 
resource 
l imiting" 

Land 

Pastu re 

Corn 

Building 
space 

May-June 
la bor 

lV[ay-June 
labo r 

• Net income w ith variab le cos ts p lu s fixed cost s ded ucted from gross retu r n s. 

Corn s u rplus 
o r deficit ' 
(bushels) 

+2.113 

0 

0 

- 1,170 

-4,176 

- 4,176 

" Shows add ition a l resou r ce l im iti ng. Hence, for each row, all res~urces m e ntion ed previously a lso are limiting, 
c A p lus ( +) indicates a grain sa le, whi le a minus (-) indicates a corn v u rchase. 
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May-Ju ne 
labo r 
hi red 

(hours) 

0 

0 

0 

0 

0 

0 
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w 6,000 
~ 
0 
u z 

If! 3,000 

CCSbo I 
CSbCOM0 I I 
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Fig. 4. Shelby-Grund y-Haig Soil s: Optimum farm plans for C management on 160-acre farms with dHfer,ant qu an tities 
of operating capital ava ilable. 

us-0 of forage than do fe-eder steer s. (There is a har­
vesting cost for hay should it be used for steer s in 
drylot. ) P a ture limits the beef-cow herd in this 
plan because the hay-transfer activity has not yet 
entered the optimum plan. With the next increment 
of capital (plan 3), the hay-transfer activity becomes 
a part of the optimum plan, and meadowland becomes 
available for pasture. 

Plan 4 includes a capital level of $8,652. Enough 
hog·s are produced under the 2-litter system to use 
all available buildings. Hence, volume increase is 
temporarily halted by the building restriction. The 
corn-purc,hase activity is used in plan 4, and 1,170 
bushels are purchased at $1.30 a bushel. 

vVhen capital is incr eased to $14,749 (plan 5), a 
building-purchase activity is included in the optimum 
plan. The cost of additional hog production must be 
increased to cover building pm·chase. (The hog enter­
prise is expanded by increasing the size of tJhe 2-litter 
system. The more specialized multiple-farrowing sys-

terns which require a heavy outlay of new capital and 
more labor in May and June were not allowed as 
alternatives at this management level. ) 

A gr aphic indication of the r elative importance of 
various enterprises for different capital levels is pro­
vided in fig. 4. The returns line is low, as compared 
with fig. 1 which shows returns for the same level 
of management and variable capital on Clarion-Web­
ster soils. The main reason for the difference in r e­
turns involves soil productivity. Although there is 
no essential differ-ence in the hog enterprise, the fixed 
investment for land is much higher in the Clarion­
Webster area. 

B-LEVEL MANAGEMEN'l' 

Maximum profit plans for southern Iowa soils 
under B management are shown in table 14 and fig. 5. 
The OOSb2 rotation on class I land gives the highest 
r eturn when capital i extremely limiting. High fer­
tilization on clas I land gives a higher return to 

TABLE 14 . SHELBY-GRUNDY-HAIG SOILS: OPT IMUM FARM PLANS FOR B MANAGEMENT ON 160-ACRE FARMS 
WITH DIFFEREN 'l' QUANTITIES OF OPERATING CAPITAL AVAILABLE. 

Cap ita l Net L eve l Add iti o na l Co rn s urplu s 
P lan level inco1n ea E nterprise resource or defi c itc 

($) ($) Acres Litters No. limitingb ( bus hels) 

1- ------- 924 1,682 CCSb, I 16 L a nd 
CSbCOMo II 69 

+2,790 

CCOMMo III 27 
2 ------- 4,258 4,336 CCSb2 I 16 Corn 0 

CSbCOM2 II 69 
CCOMM o III 27 
Hogs, 2-litte r 26 3-_______ 6,319 4,992 Same cropping pla n Building space -860 

4_ _ -- -- --1 5,258 7,411 
Hogs, 2-litte r 36 
Same cropping plan March-April -4,03 6 
Hogs, 2-litter 36 la bor 
Hogs, 2- litte r, 

b ldg. purch ase 30 
5 ____ __ __ 15,53 7 7,485 Same cropping pl an Pasture 

Hogs, 2-litte r 36 Hay 
-3,021 

Hogs, 2-litte r, 
b ldg. purchase 20 

Beef cows, sell 
calves 14 

6_ _______ 33,1 06 1 0,96 1 CCSb, I 16 May-June la bor -8,669 
CCOMo II 69 
CCOMM0 III 27 
Hogs, 2- litte r 8 
H ogs, 4-litte r 28 
Hogs, 4-litter, 

b ldg . purch ase 76 
Beef cows, sen 
calves 8 

• Net income with variabl e cost s p lus fixed cost s deducted from g r oss returns. 
b Shows add ition a l r esource l imiting. H ence, for each r ow, a ll resources mention ed preYious ly a lso a r e limiting. 
c A p lus (+) indicates a g ra in sale, w hil e a minus (-) indicates a corn purchase. 

May-June 
la b or 
hired 

(hours) 
0 

0 

0 

0 

0 

0 
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Fig. 5. Shelby-Gru nd y-Haig Soils: Optimum farm plans for B management on 160-acre fal'ms with different quantities 
o1 operating capita l available. 

resources than on class II and III under the coeffi­
cients assumed for B management. ·with the exception 
of high fertili zation in plan I, the cropping plan is 
the same under both B and C management until oper­
ating capital i · expanded to $33,106 under B manage­
ment. 

In plans 2, 3 and :I:, the 2-litter hog enterprise is 
the most profitable livestock enterprise. Thus, ,even 
though all fo rage is not utilized, investment in hogs 
is more profitable than beef cattle. When March­
April labor becomes limiting with operating capital 
at the $15,258 level, however , the beef cow ( calf-sell­
ing ) activity comes into the optimum plan. 

The optimum plan, when all May-June labor is 
used and the ope1·ating capital is expanded to $33,106, 
includes 26 units (104 litters ) of th e 4-litter hog sys­
tem. Th e conditions which make the 4-litter system 
profitable ar e : (1) the marginal revenue of capital 
is greater thru1 5 percent for hogs, but no other capital 
use will return more than this amount; (2) March­
April labor and buildings are limiting; ( 3 ) labor must 
be hired in May-Jun e ; and ( 4 ) corn must be pur­
chased. Under these conditions and with the coeffi­
cients assumed for B-level management, a 4-litter 
hog system maximizes profits. 

Again as a result of gains from improved livestock 
management, incomes ar,e much higher for B manage­
ment than for C management. Figure 5 is a graphic 
presentation of the net incom e a a function of capital 
quantity for tJhe plans in table 14. The graph shows a 
4-litter hog ystem replacing a 2-litter system in the 
optimum plan when March-April labor becomes limit­
ing. For each hour of l\Iarch-April labor used, more 
pork is produced under a 4-litter system than under a 
2-litter sy tern, thus allowing th e hog enterpri se to 
expand. Although cost per unit is higher a.nd 11eturn 
on capital lower, the added volume in creases net in­
come, assuming the alternatives for capital allowed 
in the model. 

A-LEVEL MANAGEMENT 

The plans for A-level management are presented 
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in table 15 and fig. 6. Again at very low capital levels, 
land is cropped a heavily a soil conditions wi.11 al­
low. 11 Starting from a low capital level, cropland is 
first fertilized at a high rate, then the 2-litter hog 
system is introduced and expanded until all corn is 
utilized. Next, the corn purchase activity is intro­
duced (plan 3 ), and the 2-litter hog . ystem is ex­
panded until the existing building space is exhausted. 
At the $18,83-1 level of operating capital, the 2-litt r 
hog activity with building-purchase is introduced, and 
pork production is expanded until all March-April 
labor is utilized. 

Pasture-fed steer ca l v-es are produced at capital 
levels above $18,834. The 2-litter hog' system cannot 
be expanded furth er without taking March-April labor 
from cropping alternatives. When forage is available 
and A-le,·el mana gement coefficients are used, adding 
the teer-foechng enterprise is more profitable than 
adding beef cow · or buying buildings to expand hog 
production. The better production techniques used 
for A management cause livestock production to be 
mor-e competi1ive "~ith crops for resources. Hence, 
with A-level management there is more variation in 
cropping plans as capital i expanded than under B 
and C management. 

In plan 6, with operating capital requirements of 
$29,408, a I-litter hog system with building purchase 
is introduced. The 2-litter system is not expanded be­
cause the supply of lVIarch-April labor is r estricted. 
(The farm is not allowed to buy 1\Iarch-April labor 
under this situation. ) The I -litter system requires 
labor at the times of th e year when th ere is a urplus. 
It doosn 't require much labor in the period when labor 
demand by other enterprises is hig'h. This plan in­
cludes 27 acres of idle class III land. If the model 
had allowed renting out pasture or a transfer of crop­
land to pasture, class III land would not be left idle. 
With labor limited in lVIarch and April and wit1h. no 

1l R emember a ll cropp in g· activiti es for A managem ent assumed 
at leas t an intermed iate l eve l of f ertiliza ti on. 



TABLE 1 5. SHELBY- GRUN DY-HAI G SOILS : OPTIMUM FARM P LAN S FOR A l\lANAGEMENT ON 160-ACRE FARMS 
"\VITH DIFFERENT QUANTITIES OF OPERATING CAPITAL AVAILABLE. 

Capital Net 
P lan level inco1nea E nte rprise 

( $) ( $) 

L evel 

Acr es Litters N os. 

.A_clditional 
resource 
l in1iti ngb 

!_ ___ _ ___ 1,1 55 2,137 CCSb1 I 16 Lan d 
CS bCOM1 II 69 
COJ\11 III 27 

2 __ ______ 5,76 3 6,2 90 CCSb2 I 16 Corn 
CS bCOl\I ., II 69 
COM, III 27 
Hogs, 2-l it t e r 30 

3 __ ______ 7,475 7,021 CCSb2 I 16 Buildi ngs 
CS bCOM, II 69 
COM, III 27 
Hogs, 2-litter 36 

4_ _ ______ 18,834 11,233 CCSb, I 16 M a rch-Apri l 
CSbCOM, II 69 la bor 
COM, III 27 
Hogs, 2- li tte r 36 
H ogs, 2-litte r , 

bldg. pu r chase 34 
5 ________ 24,090 1 2, 42 8 CCSb, I 16 May -J une labor 

CCOM, II 6 9 
CCOMM1 III 27 
Hogs, 2- l itte r 8 
Hogs, 2-1 i tte r, 

b ldg. p u rchase 56 
Steer ca lves, pas t.-fed 35 

·6-_______ 29,408 13,179 CCSb, I 16 
CCOM, II 69 Pasture 
Id le c lass III la nd 27 
H ogs, ! -lit t e r C a t tl e bu ildi n g 

bldg. p u rch ase 54 
H ogs, ! - li tte r 

b ldg. p u rchase 16 
Stee r calves, pas t.-fed 45 

• N e t income, w ith a ll v a riable costs plus fixed costs ded ucted fro m gross return s . 
" Shows addition a l r esource li m it ing. H e nce, fo r each row, a ll r esources m e n t ioned prcYious ly a lso 
c A p lu s ( +) in d icate a g-ra in sale, \Yh ile a mi n u s (-) in d icat es a corn purchase. 
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~ 
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0 9,000 
0 
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w 
Z 6,000 
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CSBCOM2 lI 
COM2 m 

12,000 15,000 

$ CAPITAL 

1apoo 

Com surplu s 
or cleficitc 
(bu sh e ls) 

+ 2,850 

0 

-644 

-4,359 

-4,97 4 

-6,796 

a re l in1iting . 

PASTURE 

24,000 28,000 

l\Iay-Ju n e 
la bor 
h ir ed 

(hou rs) 
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0 
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I! 
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Fig. 6. Sh•elby-Grundy-Haig Soils : Optimum far m pla n s for A ma n agem en t on 160,acre farm s with di fferen t quantities 
of operating capit al available. 

labor-buying activity for these months, steer feeding 
gives a higher r eturn t o lVIarch-April labor than does 
cropping class III land under the coefficients used 
for this management level. The class III land was 
cropped in previous plans because labor was not com­
plet ely used and was " internally free" to r emaining 
enterprises. 

In fig. 6 ar e indicated graphically the changes 
which occur in th e optimum farm plan as available 
capital is incr eased on the 160-acre farm in the Shelby­
Grundy-H aig soil ar ea under A-level management. 
Plan 6 ( table 15) is not included in fig. 6, and the 
opt imum plan when hay becomes limiting is not in­
cluded in the t able. 

225 



COMPARISON OF PLANS UNDER THREE 
1\IANAGEUENT LEVELS WHEN GRAIN 

Ar-..TO LABOR ARE RESTRICTING 

Plans ar e presented in table 16 showing results 
when certain resource restraints are the same under 
three lenls of management. The plan in table 16 
are for farms on Shelby-Grundy-Haig soils. Capital 
levels are not the same for one mana@ement level as 
for another for the reasons mentioned in the eetion 
on Clarion-Webster soils.12 Th e pla11s for farms under 
three management levels in this ·ection include those 
where: (1 ) labor i restricted to the amount provided 
by the family and ( 2) grain is restricted to that 
r aised, with none purcha sed. 

The situations in the Shelby-Grundy-Haig soils have 
optimum plans with low crop-labor requirements be­
cause conservation r estrictions allow only small crop 
acreages. Hence, in contrast to the Clarion-Vi! ebster 
area, feed grain is a mor e restricting r esource than 
the supply of May-June labor. 

LIMITED LABOR 

Optimum plans wh en May-June labor is restricted 
to th e family supply ar e presented in the top of table 
16. Class I and class Ill land is cropped t he same 
under all three man agement levels. Cropping is more 
intensive on class II land with C management, how­
ever, because returns to roughage are lower than with 
A and B management. The model used did not allow 
a 4-litter hog system for the C-management level. 
This restriction, plus differences assumed in input­
output coefficients, r esults in lower r eturns for for­
age for C management than for A and B manage­
ment. Thus, the optimum plan for C management 
includes a higher acr eage of row crops and less for­
age. T,he optimum supply of operating capital with 
only family labor available in 1\fay-June is $14,749, 
$33,106 and $24,090 for C, B and A management lev­
els, r espectively. The large r equirements for B man­
agement r esult from the large amount of capital 

1 • Three management levels w h e n grain and labor are res tri c t­
ing. 

needed for the +litter hog system, which becomes op­
timum because March-April labor r,estrictions prevent 
expansion of the 2-litter hog system to the volume al­
lowed by the 1\I~ -June labor supply. 

With capital unlimited, differences in income re­
sulting from the variation in technology for the dif­
ferent management levels are great. Income ranges 
from $-.l,518 for C management to $12,428 for A man­
agement . The $8,000 difference between net income 
in C and A management situations is the r e ult of the 
pr emium allowed for improved management practice, 
plus the larger amount of operating capital used in 
the optimum plan under A management. 

In the optimum plan under A management, 734 
market hogs are produ ced, and 35 steer calves are 
pasture-fed. Under B management, the optimum plan 
calls for production of 766 market hog and 8 beef 
calves, which are sold as f eeders. Tnder C manage­
ment, the optimum plan calls for production of 343 
market hogs and 13 beef calves to be sold as feeder s. 
Tho codficients used as ·ume a r elatively large effect 
of man agement on ·teer feedin g. The ±-litter hog 
system did not have to compete with highly efficient 
steer feedin g activities under B management. Twen­
ty-two percent of the labor requirement for the 2-
litter hog system and 17 percent of that for the 4-
litter hog system was in the March-April period. The 
4-litter hog system thus i optimum when March-April 
labor becomes r,estricting and capital i. allowed to 
expand. 

LIMI'l'ED GR,UN 

Plans which involve feeding all gr ain raised and 
p urchasing no feed are presented in the bottom part 
of table 16. Capital inputs needed to feed all grain 
produced for C, B and A management situations 
are, respectively, $6,264, $4,258 and $5,763. With the 
exception of Class III land, A-man agement situation, 
the cropping plans at ach mana gement level are 
identical, but corn and corn equivalent produced are 
2,807, 3,086 and 3,210 bushels for C, B and A manage­
ment situations, respectively. Higher yield assump­
tion for better manag,ement ar e responsible for the 
variation in production. The B-management situation 

TABL E 1 6. SHELBY-GRUNDY-HAIG SOILS: COMPARISON OF OPTIMUM PLANS ON 160-ACRE FARMS UND ER THREE 
MANAGEMENT LEVE LS WHEN GRAI N AJ\'D L ABOR ARE RESTRICTING. 

Ch arac t e ri s tic 
a nd ite n1 U nit 

Net inco me - --------------$ 
Operating 

capital u sed ----------- -$ 
Co rn purchased _________ bushels 
E nte rprises __ ______ ______ acres 

ac res 
acres 
litte r s 
li tte r s 

1 itte rs 

nos. 

Net income ----------- ---$ 
Ope rating 

capita l u sed ----------- -$ 
E nterp r ises _____________ acr es 
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acres 
acres 
litte rs 

nos. 

Manage ment level 
C B A 

Optimum pla n s wh en la bor is r es tric t ed to th e May-June fam il y s upply but grain can be 
pu rchased . 

4,5 18 10,961 12,42 

14,749 33, 106 24,090 
4,1 76 8,669 4,974 

CCSb, I 16 CCSb, I 16 CCSb, I 16 
CSbCOM, II 69 CCOMo II 69 CCOMM2 II 69 
CCOMMo III 27 CCOMMo III 27 CCOMM, III 27 
Hogs, 2-litte r 36 Hogs, 2-litte r 8 Hogs, 2-litte r 8 
Hoiss. 2- litter Hogs , 4- litte r 28 Hogs. 2- litter 

bldg . purchase 28 blclg. p urch ase 56 
Hogs, 4-litte r 

b ldg. purchase 76 
Beef cows, sell B eef cows, sell Steer calves, past. -

calves 13 caJves 8 fed 35 
Optimum pla n s w h en a ll grain is feel a nd none is purchased but la bor can b e hired. 

3,327 4,336 6,290 

6,2 64 4,258 5,7 63 
CCSb, I 16 CCSb, I 16 CCSbe I 16 
CSbCOM, II 69 CSbCOM, II 69 CSbCOM, II 69 
CCOMMo III 27 CCOMMo III 27 COM, III 27 
Hogs, 2-litter 24 Hogs, 2-litter 26 Hogs, 2-litter 30 
B eef cows, se ll 

calves 14 



takes les oper ating capital than does the C-man age­
ment situ ation because, with the input-ou tput coeffi­
cien ts used for B man ag,emen t, buying grain to expand 
t he 2-litter hog en ter pr i e is more profitable t h im any 
other livestock activity allowed to compete for funds. 
The hog enterprise is mos t p r ofitable under A man ­
agement also, but more capital is used for fertili zel' , 
and some capi tal is substituted for labor in ·hog p r o­
duction. I n the C-man agement situation , t he beef 
cattle en terprise is just large enough to use for age 
produced in the crop plan and n ot used by hogs. 

OPTIMUM PLANS F OR 240-ACRE FARMS 

Plans presented in pr evious sections wer e for 160-
acr e farms. It is, of course, possible that the optimum 
hog production methods may differ f rom these on 
farms of other sizes. For example, some larger farms 
keep a ''year-around '' hired man. H e is used espe­
cially for p eak labor sea ons on crops and the u sual 
typ es of livestock en ter prises. With the larger labor 
supply is it possible t hat the mor e specialized hog 
systems, such as 4-li tter and 6-litter systems, mig1M 
have gr eater advantages than on a 160-acre farm 
oper ated mainly with th e labor of th e family? Some 
240-acr e farms are oper ated with about th e same 
family labor supply as 160-acr e fa rms, but with some 
curtailment in livestock progr ams. I s it possible that 
the tight labor situation on these farms may pl ace 
even more of a r estraint on highly specialized hog 
sy tems? 'l' he an alysis of this section has been d e­
signed to explor e the e questions for 240-acr e farms 
with A man agement and various levels of capital. 

RESOURCE AND INPU'l'-OUTPU'l' COEFFICIEN'l' 
ADJUS'l'MEN'l'S 

F or this analysis, as compared with that for 160-
acre farms, land r esources h ave been incr eased by 
one-half, and labor r esources have been incr eased to 
include an addition al man -year of labor. Too, cr op 

coeffi cients have been adjusted to allow for lar ger 
power 1m its and field equipment on 2±0-acr e farms, 
and th e lHay-J1me labor-hiring activity has heen r e­
moved. Fixed costs .were increased from $1,429 for 
the 160-acr e fa rm situation in the Clarion-W ebster 
soils to $5,4.50 for the 240-acr e farm situatio11 and 
from $1,269 for the 160-acr e farm situations in t he 
Shelby-Grun dy-H aig soils to $4,950 for the 240-acr e 
farm si tuations. These incr eases include t he cost of 
one hired man and the addit io11al taxes a11 d equip­
ment n eeded for a 240-acr e fa rm. 

OPTIMUM PL,ANS FOR 240-ACRE FARMS 
ON CLARION-WEBS'l'ER SOILS 

The optimum pl ans for 240-acre farms on Clarion­
W ebster soils as capital varies ar e hown in table 17. 
Again, p lans are only for A management. The r ela­
tion between net r eturns and amounts of oper ating 
capital is shown gr aphically in fig . 7. The limiting 
factor in p lanning is indicated at each ''cor ner '' in 
the gr aph. Comparison of t abl e 17 with t able 11 
(plans for 160-acre farm with A-level management) 
show proportionat ely larger but otherwise similar crop 
and livestock p lans up to plan 5. Mar ch-April labor 
is a limiting factor in plan 2 on the 160-acr e farm 
and on t he 240-acr e farm in plan 6. In table 11, May ­
June labor is a variable cost beyond plan 2. In table 
17, May-June labor is assumed as a fixed cost but r e­
stricted to 1,040 hours.. The consistency of the 2-litter 
system to be included in the optimum plans of the 
240-acr e farms arises because of t he low r eturn in 
capital for the specialized systems, which p r events 
4- and 6-lit t er sy terns from coming into the optimum. 
plans ,vhen labor is available for the 2-litter system . 
Plans 6 and 7, t able 17, have the 2-litter system ex­
panded to t he limit allowed by available labor . With 
a hired man included as a '' fixed co. t, '' a large vol­
ume of production is allowed before labor becomes 
restricting. The plans emer ge not because the special­
ized systems ar e themselves unprofitable, but because 
tihey must compete with other practices and enter-

TABLE 17. CLARION-WEBSTER SOILS: OPTIMUM FARM PLANS FOR A MANAGEi\IENT ON 240-ACRE FARMS WITH 
DIFFERENT QUA ' TITIES OF OPERATING CAPJTAL AVAILABLE.• 

Capital Net 
Plan level incorneb E nterpri se 

($) ($) 1 ___ _______ 3,357 6,460 CCSb1 2 __ ________ 7,7 07 10,418 CCSb1 Hogs, 2-l itter 3 __________ 8,068 10,747 CCSb1 
Hog, 2-litter 4 __________ 1t918 15.035 CCSb, 
CS bCOM, 
Hogs, 2-Iitter 5 __ ________ 19,4 06 19,642 CCSb, 
CSbCOi\I, 
Hogs, 2-litter 
Hogs, 2-1 itter, 
bldg. purchase 

6 -- ------ -- 31,892 2-l,012 CCSb, 
CSbCO:.\J, 
Hogs. 2-1 itter 
Hogs. 2-1 itter. 
bldg. purchase 

7 --- , ______ 32,401 24.158 CCSb, 
CCOM1 Hogs, 2-litter 
Hogs, 2-litter, 
bldg. purchase 

Level 
Acres Litters 

225 
225 

30 
225 

32 
213 
12 

66 
203 

22 
66 
30 

189 
36 

66 
68 

191 
34 

66 
68 

Additional 
resource 
lin1itin g c 
Land 

Hog building 
Pasture 

Cattl e building 

Corn 

March-April 
labor 

F o rage 

Corn-surplus 
or deficitd 
(bushels) 

+ 9, 19 4 
+5.985 
+5.71 9 
+ 2,067 

-4,202 

-4,2 5 

• A May-June labor hiring acti vity was not all owed, but cost of one fu ll-time hired man was included in fixed cost. 
b Net income with all variable costs plus fixed costs ded ucted from gross returns. 
c Shows additional resource limiting. Hence, for each row. all resources mentioned prev iously also ar limiting. 
d A plus ( +) indicates a grain sale. while a minus (-) indicates a corn purchase. 
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Fig. 7. Clarion-Webster Soil s : Optimum farm plans for Amanagement on 240-acre farms with different quantities of 
operatin g capital available. 

prises in level of capital r eturn. As mentioned in 
previous section ·, for both types of soil analyzed, r e­
turns on capital are highest in thi . order; planting 
land to crops, fe1·tilizing corn and r aising hogs. H ence, 
1- and 2-litter hog· systems which allow use of more 
capital for crops and fertilizer investment are more 
profitable than diversion of part of this capital to a 
more costl:v hog sy. tern.. Too, even with th e labor 
supply of a hired man, the problem of availability 
of labor for crop · during periods of peak labor r e­
quirements also has some effect on the livestock sys­
tem which best fits into the optimum plan . In plan 6 
(table 17 ) , labor during th e March-April period is 
restricting and, if the full corn acreage is to be 
planted, the hog system must be geared accordingly. 

Farrowing combinations other than those u sed in 
the stud~r might mak e better use of December-Janu­
ary-F ,ebrua ry labor. Within the framework of the 
model used, a 4-littcr system might prove profitable 
at very large operating capital leveL because it could 
mak e use of winter labor. It would, however, have 
to be modified so that crop labor r equirements in 
other per iods would not conflict. ·with the production 
coefficients and price assumed in this study, howeYer , 
the marginal r eturn to capita l, used in the necessary 
large quantities to brin g a 4-litter system into the plan 
without curtai lme11 t of other profitable investments, 
would have a r etur n of less than 5 percent. The spe­
cialized systems would not become optimum as long 
as labor has high returns for alternative enterprises 
in the 1\Iarch-April period. 

The decreasing slope of successive segments of the 
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net return line in fig. 7 indicates the dccrea ing mar­
ginal r eturn on capital as funds are in creased. 

OPTIMUM PLANS FOR 2-!O-ACRE FARMS 

ON SHELBY-GRU N DY-H.IIG SOI LS 

The plan at five capital levels for 2-!0-acre farms 
with A manag·emcnt used on all enterprises are pre­
sented in table 18 and fi g . 8 for Shelby-Gnmdy-I-Iaig 
soils. The cost of a hired man for the full 12 months 
is included in the fixed cost and deduct,ed :from the 
r eturns in computing net income. Net income at the 
lmver capital levels is very low because of the r ela­
tively high fixed costs. Following th e pattern found 
in the analysis of other fa1-m situations, the 2-litter 
system enter s the optimum plans at th e lower capital 
levels. In contrast to the optimu m plans at various 
capital levels on 240-acrc farms on Clarion-W ebster 
soils, steer feeding proves to be more profitable than 
expanding hog production when March-April labor 
becomes limiting. This differ ence r esults because hay 
is ava ilable with only a marginal cost for harvesting. 
Plan 3 is the optimum p]an wh en capital is in creased 
to $54,003 to allow expansion of the 2-litter hog system 
until March-April labor is entirely used. The large 
amount of labor available for livestock allows the 2-
litter system to expand to 182 litters. With a full­
time hired man available, the size of ,each enterprise 
becomes r elatively large before labor becomes limiting 
and before more hired help would need to be obtained. 
H ence, even though a 240-acrc farm on Shelhy­
Grundy-I-Iaig· r equires less labor for crops, with more 



labor aniila ble for other enterpr ises throughout the 
year, the specialized -:l:- and 6-littcr systems still remain 
out o-f the profit-maximi zing plans. The conventional 
2-littei· system now found on farms still fits in best. 
with the over -all organization of th-e farm if profit 
maximization is the goal. 

Incr easing farm size to 240 acres and a ll.owing a 
full- ti me hi1·ed man has the effect of increasing the 
amount of intern al "free labor " during the peak 
labor periods. ln the 160-acr c situations, the high 
opportunity cost of the limited March-April labor 
r esti·icted the expansion of th e 3-littcr hog system in 
most plans. With the large amount of off-season labor 
aYailabl for livestock production, opportuni ty costs 
of lVIarch-April labor allow large expansion of the 

2-litter hog systems. H ence, the 4- and 6-litter special­
ized systems are unable to compete with the 2-litter 
systems at th e capital levels considered. 

El<'l"i'ECT OF MANAGEMENT SUPERVISION 
~\ ND ADDED CAPITAL ON ORGANIZATION 

OF HOG EN'l'ERPRISE 

In certain localities, foc cl, processing and marketing 
firms furnish management and capital to farme1·s in 
r eturn for a contract to process the farmer 's products, 
or under an ar rangement to furni sh sows, feed, capital 
and other r esources to the hog produc-er. Previous 
plans did not indicate any advantage for highly spe­
cialized hog production systems under the farm and 
soil , ituations studied. Evidently the fa.Tmer who 

T ABL E 18. SHELBY-GRUNDY-HAI G SOILS: OPTIJ\WM FARI\I PLANS F OR A MANAGEMENT ON 2<10 -ACRE FARMS WITH 
Dll~FERENT QUANTITIES OF OPERATING CAPITAL AVAILABL E." 

P la n 
Capital 

le ,·el 
($) 

L --------- 6,29 8 

2 __________ 8,337 

3 __________ 54,003 

4 _________ _ 58, 361 

5 __ -- ------ 61, 6 94 

Ne t 
inco111 eb 

($) 
4,023 

5, 01 

22,214 

22,9 41 

23,420 

Ente rprise 

CCSb1 I 
CSbCOM1 IT 
1cll e c lass III la ncl 
H ogs, 2- litte r 
CCSb, 1 
CSbCOM1 II 
CCOMM1 III 
Hogs, 2-litte r 
H ogs, 2-litte r , 

b ld g . p u rch ase 
CCSb2 I 
CCOl\[l\I , II 
CCOJ\1l\I 1 III 
H ogs, 2- l itte r 
Hogs, 2- li tte r , 

b ld g . purch ase 
CCS b, I 
CCOJ\LM2 JI 
CCOMJ\I, III 
H ogs, 2- 1 itte r , 

b ld g·. purc hase 
S t ee r calves, past .-fecl 
CCSb, I 
CCOJ\Il\I., II 
CCOMJ\I~ III 
Icll e III 
Hogs, 2-litte r . 

ACl'eS 

24 
103 

40 

24 
103 

40 

24 
103 

40 

24 
103 

40 

24 
103 

3 
37 

L e ve l 

Litte r s 

32 

36 

6 

36 

146 

164 

bld g . p urc hase 17 4 

Kos. 

45 

teer cah ·es, past.-fecl 4 5 

A clcl iti on a l 
resource 
limitingc 

C lass 1 a nd 11 
la ncl 

Class III Ia n l 
B uil d ings 

Corn 

Ma rc h-.April la bo r 

CH ttl e b u ilclin g·s 

• A May-Jun e la bor hirin g ac ti vity w as no t a ll o\\"ed, but cos t of one f ull-time h ired man w as inc lud c cl in fixecl cost. 
b Net income w ith a ll variable cos ts plus fixed cos t s deduc ted from g ross r e turns. 
c Shows add i tional r esource li miting. H ence, for each r o,v, a ll r esources mentioned previously a lso a re l in1iting. 
d A plu s ( +) indicates a g ra in sa le, w h il e a mi n us (-) inclica tes a corn pu rch ase. 
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F ig. 8. She lby-Grundy-H aig So il s: Optim um fa rm plans for A managem ent on 240acre farms with differen t qc;a ntities 
of operating cap ital ava ilable. 
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has ample managerial ability ( such as the A and B 
levels discussed previously ) and capital can develop 
a profit-maximizing plan which includes the more 
conventional 1- and 2-littcr systems, rather than the 
4- and 6-litter methods. As indicated earlier, the 
marginal return to capital is veTy low for the three 
plans which did include a 4-litter system. Th e prob­
lem of allocating scarce labor, capital and feed r e­
sources among crop and livestock alt,er natives causes 
nonspecialized systems to be most profitable under the 
Iowa farming conditions. Now, however , we examine 
whether a specialized hog system might be included 
in the optimum farm plan if contracts providing the 
necessary '' management rules'' and providing capital 
for feed, hogs and equipment were available to an 
oper ator with managerial skills of the C level. Firms 
furnishing such contracts have usually specified a 
multiple-farrow:ing or specialized system. 

To accompli h this end, plans were recomputed and 
analyzed for the basic C-managed 160-acre farm situ ­
ations, adding 4- and 6-litter hog-activities, with coeffi­
cients corresponding to A-level management. These 
are then allowed to compete with other activities for 
resourc,es. Th e 1- and 2-litter activities were dropped 
from the model, supposing that added capital under 
a contract would be used only for specialized systems. 
Thus, the arrangement of the model is that of a farm 
operated by a manager of low-level skills who can 
obtain capital and management supervision providing 
that he adopts the specialized multiple-farrowing sys­
tem. 

In the A and B situations analyzed previously, the 
4- and 6-litter hog systems v,1,ere n ot usually as profit­
able as conventional hog enterprises. Thi s was true, 
even thoug·h t hey were included as activities for selec­
tion, because, with t wo exceptions, other uses of 
capital and scar ce resources paid a higher return. If 
the multiple-farrowin g hog systems are to be included 
in optimum plans, retum on r esources in the multiple 
systems must be increased above other farming altern­
atives. The present analysis attempts to determine 
whether making capital ava ilable to an oper ator with 
limited capita l, earmarked for specialized hog systems, 
and with management supervision supplied, can make 
the more specialized multiple-farrowing systems prof­
itable. In this case, it is suppo eel that capital can be 
added for these purposes bu t cann ot be used for other 
investment alternatives. Unlimited capital is assumed 
to be available at 6 peroont for the multiple-farro,ving 
systems, but not for other activities. Management 
supervision is available for the specialized multiple­
farrowing system only. The ana lysis does not indicate 
whether the specialized systems would be profitable if 
improved management wer<} made avail able for all 
crop and livestock alternatives on the farm. H owever , 
the latter question ha· already be,en a nswered (un dm· 
the prices, coefficient and r estr aints em.ployed in the 
model ) in the determination of optimum plans for 
farms with A management. 'l'he analysis for A man­
agement allowed superior management for all enter­
prises, with plans also determin ed for situations with 
unlimited capital. 

The order of this section is : Fil'.st, we introduc,e 
coefficients for all hog enterprises at the A level of 
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management, with capital variable. The 1- and 2-
litt cr sy ·tern · a1·,e allowed in the model and can com­
pete with -l- and 6-litter systems. Next, we delete the 
1- and 2-litter. systems a alternatives and suppose 
that A-l evd management and bonowed capital are 
ava il able only for 4- and 6-litter hog systems and that 
C- level management applies to all oth r enterprise:; . 

ADDED i'L\N.\.GE ll'IENT ON CLARION-WEBSTER SOILS 

Optimum plans were firs t programmed for 160-acre 
farms on Clarion-vVebster soils with C management 
for all alternatives except pecialized multiple-farrow­
ing hog systems and with 1- and 2-litter systems lim­
ited to present building r est1·ictions. (More buildings 
could be added for 4- and 6-litter systems.) The 
optimum plans at fo ur capital levels are presented 
in table 19 and fig. 9. 

Plan 1 and 2 are the same in table 19 as plans 1 
and 4 in table 9 for the C-managed farm on Clarion­
'iVebster soils. Introducing the A management coeffi­
cients for the specialized hog systems does not make 
them th e most profitable alternative when labor i 
" internally free," buildings are available for the 2-
litter system and capital is very limited. The high 
r eturns from growing and fertilizing crops, especially 
corn, cause this to be the most profitable use of scarce 
-funds. 

When capital is expanded pc t the $3,656 level, 
May-June labor must be hired, and expansion of the 
2-litter system would necessitate decreasing corn 
acr eage to allow for more pasture ar ea. Under these 
conditions, the optimum plan includes 48 litters of 
hogs using the 6-litter hog system. Tho intensive 
cropping plan and the 6-litter ho 0 • system use the 
entire supply of March-April labor. 

Just as was true in table 10, the 4-liUer hog sy tern 
becomes optimum when March-April labor is limiting. 
When capita l is expanded to $12,992, 41 acres of crop­
land previously in a CCSb2 rotation, are cropp,ed in a 
CCOM2 rotation to free labor in the critical March­
April period. Thu., in a situation where March-April 
labor cann ot be purchased and must he obtained by 
competing with crop production, the 4-litter hog 
system becomes optimum if it is operated at the A­
management lev l on an otherwise C-rnanaged farm. 
(All other enterprises have a low level of management 
skill applied to them.) On 160-acre farms in the 
Clarion-Webster soil area, A-man a,ged speciali~ed hog 
systems will become optimum if more than $11,514 of 
operating- capital is available and the r est of the farm 
is operated at the C-m.anaged level. 

The lope of the income line in fig . 7 indicates the 
small r eduction in marginal return of capital r esult­
ing when the multiple-farrowing systems enter the 
optimum plan. In contrast, margin al returns dropped 
r apidly as capital was varied when only C-manage­
ment practices were allowed. The addition of hog 
systems with better management, as capital level 
increas , causes the level of return to remain r elative­
ly high (in contr ast to the situation where added 
capital could be us,ed only for enterprises with low 
levels of management ) . 



TABLE 19 . CLARI ON-WEBSTER SOILS: OPTI fUM FARM P LANS WITH C MANAGE]l[ENT FOR ALL ENTERPRISES EX­
CEPT 4- AND 6-LITT@=t HOG SYSTEMS WHIC H H AVE A-LEVEL l\[ANAGEl\IE ' T ON 160-ACRE FARl\JS WITH 
DIFFERENT QUANTIT I ES OF OPERATING CAPJTAJ~ A \ 'AJLABLE. 

P la n 
Net 

inco rne 11 Enterprise 
.Additional 

reSOUl'Ce 
Corn s urpl u s l\Iay-June 
o r deficit• la bor 

Capital 
level 
($) ($ ) Acres Litte r s lin1 i tingb (bushels) hire d 

1 __________ 1,177 
2 _____ _____ 3,656 

4_ _________ 12, 992 

4,798 
6,574 

11,129 

11,563 

CCSb0 
CCSb. 
CCOl\I2 
H og-s, 2-li tte r 
CCSb2 
Hog-s, 6- li ttcr 

1 50 
144 

6 

150 

CCSb2 109 
CCOl\J2 '11 

14 

48 

• (hours) 
L a n d + -1,25 8 0 

May-June +4, 796 0 
l a bor 

March-Apri l + 1,093 120 
la bor 
Corn 0 92 

Sept.-Oct.-
Hog-s, 6-litter 54 Nov. l abor 
Hog-s, 4- litte r 4 

" Net in co m e with a l l , ·a r ia bl e cost s plus f ixed cost s deducted from g-rnss r e turns . 
h Sho\\'S add itiona l r esource l in1iting . 1-l cn cc, for each r ow, a l l r esources m ention ed 
c A p lu s ( +) indica tes a g-rn in sa le , \\"hilc a mi nu s (-) in d icates a co rn purchase. 
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EFFECTS OF ADDED l\U NGEMENT ON 

SHELBY-GRUNDY-I-L\IG SOILS 

Optimum plans for 160-acre Shelby-Grundy-Haig 
farms operated with C management for all en terprises, 
except the 4- and 6-lit ter hog systems which are op­
erated with A-managemei1t techniques, ar c presented 
in table 20 and fig. 10. 

Comparison of table 20 with tabl e 13 ( the latter 
including plans for fa rms with C management on aJ I 
en terprises) shows that t he optimum plans ar e the 
same for supplies of operating capital of $8,652 or 
less. W hen operating capital is increased beyond 
$8,652, the specialized 4-litter system for pork produc­
tion becomes the most profi table investment alterna­
tive. The 4-litter system con tinues to be the most 
profitable system until lVIay-Jun e labor becomes limit­
ing. Thus, over a wide r ange of capital variation, the 
4-litter systern is most profi tabl e when A-level manage­
ment t eC'hniques are assumed to he available for the 
specialized hog system, with ot her enterprises at the 
C-management level. In table 15, where A manage­
ment is assumed for a ll en terpr ises, a 4-litter specinl­
ized system is 11ot included in the optimum plan . The 
specialized hog system becomes optimum only wh en 
manag·ement supervision of this level i · added to a 
C-managed farm. 

After the family supply of May-June labor is used 

10,000 12,000 14,000 

(plan 5 in table 20 ), the cropping plan is changed 
slightly to free more 1\Iay-J·une labor. vVhen lVIarch­
April labor becomes limiting, class III land is left 
id le to free labor for the 4-litter hog sy -tern. In 
other ,rnrds, the 4-li tter hog system with superior 
management becomes more profitable than cr opping of 
class I II Janel with 10 1,1· management practic-es. E ven 
though forage is left unused an d, hence, would be 
avai lable to a cattle enterprise for only the harvesting 
costs, cattle produced at C-management levels ar e n ot 
able to compete wi th a speciali zed hog system using 
A management practice . This is true even ·when the 
operator has no alternative for the us-c of forage . (In 
actua l practice class III land would be rented out 
either as cropland or permanent pasture and other 
forage would be plowed down or sold. Also, March­
Apri l labor may be hir,ed to make I ossible cropping 
of class III land .) 

S-even units of the 4-litter system use all available 
building space for nursing-growing-fattening facili­
ties. Farrowing quarters and sow shelters for the e 
units must be purchased. Compl-cte building purcha, e 
is r equired for all units in excess of sev-en. Thus, 
capital inpu t increases rapidly when the mul tiple­
farrowing system is used. In order to use all available 
1\Iay-June labor, $32,-:1:72 capital is required. The 
maximum capital plan uses $38,132 capital an d all re­
maining lVIarch-April labor. 

23 1 



TABLE 20. SHELBY-GRUNDY-HAIG SOILS: OPTIMU J\'l FARM PLAN S "'\VITI-I C MAN A GEMENT FOR ALL ENT -ERPRI SES 
EXC EPT 4- AND 6-LITTER HOG- SYSTEMS WHICH I-IA.VE A-LEVEL MANA Gli:MEN T ON 160-A.CRE F.ARThJS 
WITH DIFFBRENT QUANTITIES OF OPb:RATING C APITA L AY.1-ULABLE. 

Pla n 
Ca pital 

le ve l 
($) 

N e t 
inco n1 en 

( $) 

L evel 
Ente rpri se 

A c ,·cs Litte r s 

L --------- 7 53 1,291 CCSb0 I 16 
CSbCOMo TI 69 
CCONlMo III 27 

2 __________ 5,454 3,131 CCSb, I 16 
CSbCOM, TI 69 
CCOMMo III 27 
Hogs, 2-litte r 24 
B eef cow s, sell 
calv es 10 

3_ __________ 6,264 3,327 Sarne c roppi n g p la n 
H ogs, 2- litte r 24 
B eef cow s, sell 

ca lves 14 
4_ _________ 8, 652 3,6 52 Sa rn e c ropping pla n 

H ogs, 2- litte r 36 
B eef CO \YS, sell 
calv es 14 

5 __________ 32;17 2 11,6 27 Sarne cropp ing p la n 
Hogs, 4- li tte r 2 
Hog s, 4- litte r, 

b ldg . purc h ase 64 
6----------3 3,257 11, 06 CCSb, 1 16. 2 

CCOM, II 68.6 
CCOMMo III 22.9 
COMMo III 3.7 
Hogs, 4- litte r 28 
Hog s, 4- litter, 

bldg. purc hase 68 
7_ _________ 38,1 32 12,8 73 CCSb2 I 16. 2 

CCOMMo Il 30. 2 
CCOM, II 4.'I 
CSbCOM. II 24.0 
Idle L a nd ITI 26.6 
Hogs, 4- litter 2 
Hogs, 4-1 itte r, 

bldg. purch ase 8 0 
" Ne t income with a ll v a riabl e cos ts plus fixed c os ts d educ t ed f r o m gT oss r e turns. 
" Shows a dd itio n a l r e so u rce li m iting . H e nce, for eac h row, a ll r esou rces m entio n ed 

A plus ( + ) ind icates a grain s a le, whil e a minus (-) indica tes a co r n purchase. 
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Fig. 10. Shelby-Grundy-Haig Soils: Optimum farm plans with C management for a ll enterprises except 4- and 6-litt·a r 
hog systems which have A level management on 160-acr,a farms with differen t q uantities of operating capit,a l available. 

·when th e level of man agement of the specialized 
multiple-farrowing systems is higher than the level of 
management for all other alternn tive enterprises 
allowed to compete for scarce resources, level of 
managemen t does affect selection among conventional 
pork product ion methods and the more specialized 
multipJ.e-£arowing systems. As shown earlier, however, 
a high level of management for all alternatives docs 
not cause the specialized systems to en: er the optimum 
plans. 

Management supervision and capitnl allowed for 
the multiple-farrowing system docs allow a mu ch 
gr ea ter income on. the C-mana ged farm, C'.)mpared with 
the sa me farm where all practices, in cluding hogs, ar-e 
nt a lower management level and hogs are l'estric'.ing. 
Twenty-seven units (108 litters ) of the 4- littcr system 
are raised under the maximum capital plan. Net 
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income is $12,873, compared with $4,642 on the C­
managed situation ( table 13) , without the manage­
ment supervision. Capital r equirements ar c $38,132 
as compared with $15,794 in table 13. Income is 
still lower, however, than in plans whei·e A manage­
ment practices are allowed for all cnternriscs and only 
1- an d 2-litter hog systems come into th'.; plan. ( Com­
pare tables 15 and 20. ) 

EFFECTS OF CAPI'J'AL LENDIN G FOR A M .\ K .I.GEMEN'J' 

Since levels of capital necessary to make extensive 
use of the muHiple-farowing systems ar0 J, j~her th 1111 
may be available to ma ny operators and feasible fo · 
some f irms inter ested in contract 2nrngcments, an 
analysis was made of the effect of loaned capital ear­
marked for the hog enterprise. Here our concern is 



to determine whether farmers with A-level manage­
ment ability but with extremely limited capital might 
profitably use specialized systems. It is assumed that 
added capital can be made available only unde1· a 
contractual arrangement r equiring specialized sys­
tems. 

Optimum plans for a discrete capital level were 
computed assuming a 160-acre A-managed farm in 
each of the two soil areas. Levels chosen were $8,626 
fm the Clarion-Webstcl' so il area and $7,475 fo1· 
the Shelby-Grundy-Haig soil area . 

The lending provision was includ ed in this manner: 
Capital requirements for multiple-farrowing hog sys­
tem · were 1·educed to the cost of buildings and equip­
ment. lt was assumed that an outside source would 
loan operating capital for b1 eeding stock and cash 
expenses. The money would be 1·cpaid at the end of 
the y-car at 6 p·ercent interest. Rctmn remaining at 
th e end of the year was r educed by the amount of 
the loan plus interest. 

The optimum plans for these capita l-lending situa­
t ions were the sam,c as those in the same situations 
without a lending pl'ovision of this type (plan-±, table 
11, and plan 3, table 15 ) . Availability of specialized 
credit did not cause the multiple-farrowing systems 
to become more profitabJ.e than 2-littei· systems at 
these capital levels. A possible explanation for th e 
1·esult is this: Adding a multiple-farrowing system 
would r equire some building purchase. 'l'his increased 
capita l input and the interest charge would r educe 
1·cturn on capital from the multiple-farrowing systems. 
The 2-litter system, with no bu ilding purchase to 
reduc-e return on capita l, would provide a greater 
r eturn to all limiting resom·ces. Hence, wher e farmers 
already have sufficient facilities for conventional l­
and 2-litter systems, the 4- and 6-litter systems a1·e not 
competitive. 

With inc1·eased capital supplies, the 1- and 2-litter 
systems would require building pmcbase. These 
systems use buildings much less intensively than the 
multiplc--farrowing enteqn·ise ·. It is possible that at 
higher ca pital levels th e redit provision would cause 
th e multiple-farrowin g systems to be optimum. But it 
has been shown that these multiple-farrowing systems, 
even 11·ith special credit availabl e, are not profit­
maximi zin g at lowel" capital levels. 

, PECIALIZATION & RESOrRCE SITUATIONS 

Many farmers, especial ly those just beginning, have 
very limited capital. :i\Iult iple-farrowing hog sys1ems 
are not adapted to these limited capital. situations 
because they require a 1·elatively large in vestment in 
buildings. Even with management supervision of­
fered, potential income increases ai·e not large when 
capital is very limited. ( Crops and their fertilization 
provide a higher return to capital than do hogs or 
c•thcr livestock at the price levels used. ) If, however , 
enough capital is made available to allow the manager 

of a C-managed farm to expand his business beyond 
plan -±, table 20, and if management supervision also 
i made available for the specialized systems, the 
multipl e-farrowing J10g systems could be optimum in 
many of these situations. Operating capital for a ll 
purposes would need to exceed minimum levds for 
multiple-farrowing hog systems suggested in tables 19 
and 20, however-even on the farm of a begim1ing 
operator. 

Under the price, coefficients and restricitions used 
in this study, highly speciali zed hog sys'..em · generally 
do not outcompete the more conventional hog systems, 
if the organization of crop.- and livestock is to maxi­
mize income from the fa rm as a whole. It \\·oulcl 
appear, then, that highly speciali zed hog farming 
would not endanger the more genernl systems now 
found on Iowa farms . This is true, because capital , 
labor and feed must be allocated among numerous 
crop and livestock enterprises r elntive to the scarcities 
of the resources and the margina l returns of the enter­
prise·. Because tl1 e production of corn is a profitable 
use of these r esources, it l1as priority over sp•ecialized 
hog systems in use of capita l. Then less specialized 
hog systems, in conjunction with cattle, apparently 
provide a more optimum use of r•esources, considering 
the need and profitability o:f crops. Only wh ere 
specialized systems are given the advantag-c of higl1 -
level management and capital availability, without 
these resources and facilities allowed for other enter ­
prises, do the specialized systems prevail in pro:fit­
maximizing opportunities. Of course, if farming 
activities other than specia lized pork production wei-e 
not to be considered, a highly specialized pork farm 
would represent the profitable opportunity. 

The analysis of this study suggests that the con­
centration of hog production on highly specia lizcd 
farms is not likely on Iowa. farms. While only two 
soil situations ,-vere examined, these represent the 
near extremes upon w1hich farm organization is bas cl. 
Given the high returns to capital and labor in corn 
production and its fertilization, resources likely wil I 
con.tinue to be allocated to this crop and its com plc­
ments before they are allocated to other enterpri ses. 
While optimum crop enterprises ar c not independent 
of the best organization of livestock and vice versa , 
livestock will still continue to be organized around 
comparntive advantages in crop production and th e 
uneven seasonal requirements for labor and capital 
used on them. vV'hile hog enterprises found on farm s 
may grow in size and specialization, it do-es not appear 
fhat highly specialized hog farms, whether encoui-aged 
by contractual developments or integra;;ion institu­
tions or by direct structur es of prices in relation to 
resource productivities and farm orgau.ization, will 
come to predominate, or even to prevail widely. This 
study, 'however, has not examined economies involved 
or optimum structures for farms which might consider 
and produce only hogs, with all other enterprises ex­
cluded as possibilities. 
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SUMMARY 

In recent years, farm and nonfarm peopJ.c have 
questioned whether "contract farming" might even­
tually predominate in the Corn Belt. This question 
has been r aised because of the tenden cy toward more 
specialization in hog production encouraged by multi­
ple-farrowin g and r elated management systems. Also, 
con1ract arrangements - the so-called integration of 
p, o luction - wher,c; credit, feed and management 
guidance are furni shed to fa rmers have caused this 
question to be r aised. 

Thi study includes an analysis, made at the in­
dividual farm level, to determine (1 ) which hog 
s.,·stcms, includin g the more conventional 1- and 2-
li tter system as compared with th e more specialized 
tt_ and 6-Jitter system ·, contribute most to farm profits, 
(2 ) the optimum hog production method in relation 
to the most profitable over-aJl organization of farm 
reso urces on two soi l types and (3 ) the possible effect 
of contract arrangements on farm profits wh-e1·e cap­
ital for feed, bogs and equipment, plus the manage­
ment to go with these r esources, is lacking but is pro­
vided 1 y outside firms. The study was designed to 
compar,e the profit poten1ial of the conventional l­
and 2-littei· system. · with 4- and 6-litter systems on 
typical 160- and 2--1:0-acre farms in northern and 
,:outhern Iowa whei·e capital and managerial skills 
might vary among farming situations. The analysis 
was made for typical farm situations in the Clarion­
Webster soil area and the Shelby-Grundy-Haig· oil 
ar,ea. 

Variable capital linear programming solutions were 
developed for fa rm. on both soil associations, using 
t hree levels of management for each capital and farm­
size situation. Several represen tative crop rotations, 
each at t wo alternative fertilization levels., and typi cal 
beef producing enterprises were considered as produc­
tion alternatives. Main emphasis, however, ,vas placed 
on choice among 1-, 2-, 4- and 6-litter hog systems. 
'l' he model employed in the empirical analysis al lowed 
ea ch hog system to be expanded through purchase of 
buildings and equipment. Grain purchases and sales 
;:ind labor hirin g were also allowed. 

Effects of ''earmarking '' capital and management 
sup-ervision for 1he multiple-farrowing hog· sy terns 
wc1·e examined by comparison with basic optimum 
plans in the following manner: );7 irst, farms with C­
leve I management (technology n ear t1hat of typical 
commercial hog' producer s) were allowed - with A­
lev-el management (t echnology near laboratory condi­
tions) on 4- and 6-litter hog systems as production 
alternatives. Th ese plans were compared with those 
;:issuming C-level management throughout. Situations 
on farms with , \.-l ew:l management were recomputed 
making' special capital borrowing provi sions availabl e 
to the multiple-farrowing hog systems. Both compari­
sons gave management supervision and capital allo­
cated to the specialized hog system. an 01 })Ortunity 
to make the maximum contribution to income. These 
comparisons were more favorable to the 4- and 6-
litter h.og systems than the basic plans. 

The r esults of this analysis indicate that highly 
specialized hog enterprises are not likely, in terms of 
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profits to the individual farmer , to supersede the more 
general managefnent systems now dominant on Iowa 
farms. There are certain advantages in some degi·ee 
of specialization which allows use of the same equip­
ment and breeding stock, for as many litters as are 
consistent with the most profitable over-all combina­
tion of livestock and crops. But beyond this point, 
for the farmer who ha the capital and management 
skills, it is not profitable to increase the number of 
farrowings to a point of specialization that causes 
hog operations to draw labor and other r esources away 
from corn or the complex of crops produced with it. 

No other crop or enterprise, under the price levels 
existing now or in recent year , excels corn in terms 
of return to labor and capital r esources. This state­
ment applies generally to the farm sizes, capital levels 
and management situations studied. For farms of 
typical size, few situations were isolated where hog 
sy terns including 4 or 6 litters per year could be in­
cluded in the most profitable over-all management 
plan. Hog production using 2 or 3 litters, fitted into 
a program allowing allocation of labor and capital 
to the most profitable crop program and with some 
feeder cattle included to utilize forage, 1·emained th e 
most profitable. While these optimum plans would 
allow some added specialization and larger sizes in 
hog enterprises, they would not entail large sacrifices 
in corn production or in the more general organiza­
tion of farms. Too, contracts which provide capital 
for feed, hogs and equipment - and the necessary 
'' management rul es'' to go along with these resources 
- have no profit advantage for farmers who already 
po se s these factors. The study did show, however, 
that profit might be raised by contractual arrange­
men ts based on specialized hog systems where: (1 ) 
the farmer posse ses low mangement skills and can 
obtain management supervision for hogs, but not other 
enterprises, through a contractua l arrangement which 
includes specialized 4- and 6-litter sy terns or (2) the 
farmer has sufficient management ability but is short 
on capital and can obtain more funds for hogs only 
under such an arrangement. Even in these two man­
agement siutations, ho\\·ever, specialized systems 
would not be most profitable if ( a) improved manage­
ment skill s were allowed for all enterprises and (b ) 
borrowed capital could be used for any enterprise on 
the farm without 1 eing r estricted to pecialized hog 
systems. 

If the far m operator has tl~e mana gerial ability to 
produce po1 k effici ently and can borrow funds at 
u ·ual market interest rates, a contra ct arrangement 
would have advantag·e only to the extent that a better 
selling price for hogs could be obtained. On the 
other hand, if h<) could produce hogs of the type com­
manding highest prices and market them at time of 
price peaks, or could avoid seasonally low prices, hi s 
profits would be as great as from the same price 
premiums and contract production. 

Specialization and multipl e-farrowing systems have 
been studi ed as they fit into typical Iowa farm situa ­
tions. In these situations l1og enterprises which fit 
especially well with corn production and complemen-



ta Ty crop and livestock activities have over-all ad­
vantage in farm management. Because of the tmique 
nature of climate and soil giving comparative ad­
vantage to capital and labor used for corn production 
and the general complex of enterpris-es associated with 
corn rotations, it appeaxs that the more general or ­
ganization of farms will continue to be most profitable 

m the soil areas studied. But for farms which might 
specialize in or produce only hog. , without corn or 
other enterprises considered as alternatives, extreme 
specialization with •continuous far rowing throughout 
the year would be most profitable. Equipment and 
breeding stock necessary for hog production could 
t hen be utilized more effectively. 

APPENDIX A 

BASIC I NPUT-OUTPUT DATA 

The following tables include the basic input-output 
r elationships on which production coefficients used in 

'l'ABLE A-1. ONE-LI TTE R SYSTEM. UNIT = 1 LITTER. 

Levels of Man agement 

A 
Far rowin g d a t e _______________ May 
P igs wean ed pe r unit ( n o.) _____ 9.00 
D eath loss afte r w eaning (no.) __ 0. 12 
R ep lacem ent g ilts k e pt (no.) ____ 1.08 
Hogs m a rke t ed per unit (no. ) ____ 7.80 
Selling we ig ht of pigs ( lbs.) ____ 24 0 
T ot a l cwt . p igs sold ____________ 18 .72 
Selling month ______________ ___ D ec. 
Aver age se ll ing p ri ce ---------- $ 15.26 
Gross reven ue from m a rke t hogs _$285 .36 
Sell ing we ig ht of sow ( lbs.) ____ 35 0 
Se lling month ____ ______________ A ug. 
Selling price ----- - --------- - ---$ 1 5.01 
G r oss revenue from sow -- - -----$ 52.54 

B 
May 

7.30 
0.10 
1.08 
6.12 

240 
14.69 
D ec. 

$ 14.86 
$218.44 

350 
Sept. 

$ 14.58 
$ 51. 03 

--------
Gross reve nue pe r unit ------ - --$337 .90 

Anio1.nts of feecl f eel: 
Corn equiva lent (bu . ) _______ _ 
S upplement (cw t. ) _________ _ 
H ay (tons) ---- - -------------
Pasture ( a. u. d.) a _____ _ _____ _ 

Amuic,l cash expense : 
Supplement -----------------$ 
Boar c h arge ________________ _ 
Power a nd n1achineryb ___ _ ___ _ 
Equipn1ent useb _____________ _ 
Hau lingb ___________________ _ 
Vet, e lec tri c ity, m isc.'> _______ _ 

113 .139 
9.260 
0.025 

37 .440 

60.28 
4.00 
5.88 
5.80 
1. 27 
5.99 

Tota l a nnua l cash expen se ------$ 75.27 

Cc,pital investment : 
G ilt -- -----------------------$ 36 .6 2 
J;;qui pme n t c _________________ 25 .12 

Capi t a l coeffic ient ------------- $144.96 
Net re turn per unit ------ - -----$254.68 
B uil di n g· space (units) _________ '¼ 
Cost of purc hased build ing ------ $ 63 .75 
Capita l coeff ic ient with 

building pmc hased ---------- $208 .71 

a A nin1al unit clays. 

$2 69. 47 

105.446 
7.192 
0.018 

29.380 

$ 46 .76 
2.50 
5.88 
5.8 0 
1.00 
4.70 

$ 61.25 

$ 35.66 
20.87 

$1 23.17 
$202.83 

% 
$ 63 .75 

$186 .93 

C 
May 
6. 00 
0.09 
1.08 
4.83 

240 
11. 59 
Dec. 

$ 14.46 
$167.59 

350 
July 

$ 14.62 
$ 51.17 

$218 . 76 

107.494 
6.20 
0 

25.498 

$ 40.00 
1.50 
5.88 
5.80 
0.79 
3.71 

$ 51.58 

$ 34. 70 
11. 74 

$104 .12 
$161.08 

'¼ 
$ 63.75 

$167.87 

b H a r d in , L. S ., vVe ig le. R. N. a n d , Vann. H. S. H og·s - on e 
a n d two litte r syst e m s co mpar ed. Incl. Agr . Exp. S t a. B ul. 565 . 
Nov. 1951. 
c I nclud es fe n c ing, con c re te f loo r, t a nks. feeders a n d o the r 
equipment. 

the proceeding analysis were based. A more complete 
discussion of these will be found in an unpublished 
thesis.13 

1 :.1 Irwi n, op. cit. 

'l'ABLE A-2. TW O-LITTER SYST EM. UNIT = 2 LITTERS. 

L evels of Management 

A 
Farr owing dates _______________ Feh.-A ug. 
P igs wean ed per unit (no.) ______ 18.0 
D eath loss af ter weanin g· (no.) __ 0. 23 
Replacement g ilts k ept• ( no.) ____ 0.48 
Pigs sold per unit (no. ) ________ 17.45 
Selling weight of p ig·s (lbs.) _____ 220 
T o t a l cwt. pigs sold ____________ 38 .390 
Selling mo n ths _________________ Ju ly-J a n . 
Ave rage selli ng priceb ----------$ 17.1 9 
Gross r even ue from m a rke t hogs $677 .23 
Sell ing we ight of sow ( lbs . ) _____ 450 
Selling months _________________ Apr.-Oc t. 
Average price -----------------$ 14.26 
Pou nds of sow so ld• ____________ 180 
Gross r evenue from sow --------$ 25.67 

Gross revenue per uni t ---------- $702.90 
Amomits of feecl feel: 

Corn equivalent (bu.) _______ _ 
Supplement ( cw t. ) _________ _ 
Hay (tons) ------------------
Pasture ( a. u.d. ) ____________ _ 

A nm.al cash exv ense: 

21 3.888 
20.237 

0.054 
36.480 

Supple m ent ------------ ---- --$1 31.54 
Boar ch arge• ---------------- 7.00 
Power a ncl machineryd _______ 9.36 
Equipme nt u see _______ _______ 16.51 
H a uling _____________ ________ 2.6 1 
Vet, elec tr ic ity, m isc .e ________ 15.36 

Total a nnua l cash expense ____ - $182.38 
Capitc,l investment : 

Breed ing females ------------$ 50 .62 Equipment _________________ 57.00 

Capital coeffic ient _____________ $290.00 
Net r e turn per unit ------ ------$520 .52 
B u ild ing space ( units) _________ 1 
Cost of purchased building ------$ 85 .00 
Capita l coeffic ient, w ith 

B 
M ar. -Sept. 

14.6 
0.20 
0.83 

13 .57 
230 

31. 211 
Sept.-Mar. 

$ 16.4 4 
$5 13.08 

400 
June-Dec. 
$ 13.95 

300 
$ 41.85 

$554.93 

(202.824) 
( 14.601) 

0.03 1 
31. 300 

$ 94.91 
4.50 
9.36 

13.42 
2.1 2 

1 2.48 

$136.79 

$ 45.4 3 
39.89 

$222.11 
$418 .14 

1 
$ 85 .00 

C 
Apr.-Oct. 

1 2.0 
0.18 
1. 08 

10. 74 
240 

25 .776 
Nov.-May 

$ 15.52 
$400.06 

350 
July-Ja n . 

$ 14.1 2 
350 

$ 49.42 

$449 .48 

206.916 
12 .642 

0 
28 .3 80 

$ 82.17 
2.50 
9.36 

11. 08 
1. 7 5 

10 .31 

$11 7 .17 

$ 38.94 
13.05 

$16 9.16 
$332.31 

1 
$ 85 .00 

bu il d ing p urc h ased ______ ----$375 .00 $307 .11 $254.16 
• 8 percen t extra a llowed for n on brecd c rs , e t c. R e place sows 
a fte,· 2, 3 a nd 5 lit te r s, r espec ti ve ly . 
" Arith m e ti c aver age of 2 se lling m onths I $0 .-10/ cw t. for 
quality . 
c (P1,rch. price-mid. val1,e) - 20 units produced ( k eep boar 2 
I itters). 
d M ue ll er. A. G. a nd Vo n Lanken. G . 0. Detai led cos t r epo rt 
1955. Univers ity of Illinois. AERR15. 
c H a rdin, L. S . e t a l. Hogs - o ne -an d two- litte r syst e m s com­
pared Incl. Agr. Exp. Sta. Bui. 565 . Nov. 19 51. 
r Animal un it clays. 
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TABLE A - 3. FOUR-LI TTER SYSTEM. UNIT = 4 LITTERS, 
(2 SOWS) . 

L eve ls o f Man agem ent 

A 
Farrowing dates _________________ J a n .-March-

July -Se pt. 
Pigs wean ed per unit ( n o . ) __________ 36.0 
D e a th loss aft er w ea ning (no . ) ______ 0.47 
R eplace m e nt g i lt s k ept (no. ) -------- 0.96 
H ogs marke t ed pe r unit ( n o. ) _______ 34. 57 
Se lling we ig ht of pigs (lbs .) ________ 220 
T otal cw t. p igs sold --------------- - 76 .05 
Se lling m onths ____________________ June-Aug .-

D ec .-F e b. 
Aver age se lling price ______________ $17.10 
Gross r evenue from m a rke t hogs----$1,300 .52 
Se lling weight of sow (lbs . ) _________ 450 
Selling m onths ___________________ M a r ch-May-

Sept.-Nov. 
Ave r a ge price _____________________ $14 .19 
P o und s of sow sold• ________ _______ 400 
Gross r evenue from sow ________ ___ $56 .76 

G r oss r evenue per unit -------- - ---$1,357 .28 
A.nioimts of feed f ed : 

Corn equiva lent ( bu.) __________ _ 
S u pple m e nt (cwt. ) _____________ _ 
H ay (ton s ) ____________________ _ 
P asture ( a. u.d. )b ______________ _ _ 

Anni.al cash expense : 
Supple m ent ____________________ _ 
B oar charg,e ---------------- - ---
Power and m achinery __________ _ 
Equipment u se _________________ _ 
Hauling --------------- - -------­
Ve t, e lectric ity , e tc. ---------- - ---

423 .7 
43 .348 

0.103 
0 

$28 1. 76 
10.00 
30.42 
32.70 

5.44 
30.42 

Total a nnua l cash expe n se _________ $3 90 .74 
Capital investment: 

Breeding fe m a les ____ _________ ___ $105.00 
Equipment a nd buildings (partia l) _ 318.06 

Ca pita l coeffi c ient, limited building 
purc hase - ----------------------- $813.80 

Ne t r e turn per unit _______ _ ____ ____ $966.54 
Building s pace, g r ow-fatten ( units ) _ 150.00 
Ca pita l coeffic ient __ _______________ $963 .80 
• Sows a nd 8 p ercent n onbreed ing g ilts . 
• A nima l un it days. 

B 
D ec.-Feb. ­
June-A u g . 

29.30 
0.40 
1. 50 

27 .40 
230 

63 .02 
June-Aug .­

D ec .-F eb . 
$16. 70 

$1,0 52 .4 3 
400 

M a r c h-May-
Sept.-Nov. 

$14 .19 
573 
$8 1. 31 

$1,133 .7 4 

408.4 
31.5 40 

0.101 
0 

$204.85 
5.00 

25 .21 
27.10 

4.67 
25 .21 

$296 .10 

$92.24 
296.59 

$681.07 
$841.40 

117.50 
$798.67 

llllllllllll~~~ijj lll~irn~rn,~~,1~m111111111111 
3 1723 02094 9798 

T ABLE A - 4. S I X -LITTER SYST EM. UNIT = 6 LI'l"l'ERS. 

Ite m A M a n age rnent level 
Farrowin g d a t es ________________ J a n.-Mar.-May-July -Se pt. -Nov. 
P igs weaned per unit (no.) - --------------- 54 .00 
D ea th loss after ._veaning (no. ) ____________ 0. 70 
R eplacem ent g ilts k ep t (no.) -------------- 1. 30 
Pigs sold pe r unit (no.) --------------------- 52 . 00 
Selling weight of p igs (lbs.) ---------------- 220 
T o ta l cwt . pigs sold ______ __________________ 11 4.40 
Selling m onth s _________________ June-A u g. -Oct .-Dec.-Fe b.-April 
Aver age se lling price _______________________ $16 .88 
Gross r evenue from m a rke t hogs ------------$1,9 31.07 
Selling we ig ht of sow (lbs. ) ---------------- 450 
Selling m onths _________________ .April-June -.Au g .-Oc t.-Dec.-Feb. 
Aver age p rice ----------------------------- $14. 25 
P o unds sow sold ------------------ - ------- 360 
Gross r evenue from sow ____________________ $51. 30 

G ross r evenue p er unit -------------------- $1,9 82.37 

A.mounts of feed fed: 
Corn equiva lent ( bu.) __ ______ ___________ _ 
S u pple m ent (cw t.) _____________________ _ 
H ay ( t ons) -----------------------------Pasture ( a .u.d.) • _______________________ _ 

Anniwl cash ex vense" 

637 .2 
65.21 

0.1 54 
0 

Pro t e in --------------------------------- $423.86 
Boar ch a r ge ---------------- - ----------- 10. 00 
Power and machine r y ____________________ 45.7 6 
E qu ipment use -------------------------- 49.19 
H a uling -------------------------------- 7.7 8 
Vet, e lectri c ity, e tc . ______________________ 45 .76 

----
T ot a l a nnua l cash expe nse __________________ $582.35 

Cavitc,l invest1nent : 
Breeding f em a les ------------------------ $157 .50 
Equipme nt a nd buildings ________________ 367 .15 

Capital coeffi c ient, partial building purch ase--$1,107.00 
Ne t return pe r unit - ----------- - -----------$1,400.02 
Building space, grow a fte r purc h ase_ _ ________ 1 50.00 
Capita l coeff ic ient, compl e te building 

purc h ase ------ ---------------------- _ - $1, 257 .00 

" Compil ed from: Mue ll e r, D. G. D e t a i led cost r eport s for 
n orthern Illinois, 1955, 1956. U nive r s ity of Illinois. ; D. G. 
Muell e r a nd H a rdin, L .S., ov. cit. 
• A nima l unit days. 

T ABLE A -5. BEEF COW ENT ERPRISES : BASIC DATA FOR TWO SYSTEMS FOR THREE MANAGEMENT L EVELS. 

Ite m A 
M a rke ting m onth ________________________ Oct. 
M a rke t we ight of calf or s teer (lbs .) ____ __ 430 
Calf crop ( % ) -------------------------- 90 
We.ight so ld p e r unit (lbs.) : 

Calf or s teer _________ _________________ 322.5 

Cow - ------------------------------ - - 183 
A nnua l cash expen se 

Prot e in ______ -------------------------$ 
Povvera ______________________________ _ 
Equipment r e placem ent• --------------­
H ay harvest -------------------------­
Breed ing cost s• -------- ---------------
H a ul ing ------------------ ___________ _ 
M isc., v e t .• ---------------------------

1.77 
4.26 
5.32 
7.00 
1. 59 
6.74 

T ot a l a nnua l cash expen se ------- - -------$ 26.68 
Capita l investment : 

Equipment --------------------------- $ 8.46 
Breeding s t ock ----------------------- 19 0. 58 

F eed f ed: 
Corn equivalent ( bu. ) ______ __________ _ 
S upple m ent (lbs.) ---------------------
H ay ---------------------------------
Pasture ( a . u.d.) c 

" Mue ller, ojJ . cit. 
• Jud g m ent estima t e. 
c A nima l unit clays. 

23 6 

0 
0 
1. 2 

267 

Se ll calves 
L evel of Managem ent 

B C 
Oct. Oc t. 

415 400 
80 70 

233.3 
276. 7 
17 5 167 

$ $ 
1. 77 1. 77 
4.26 4.26 
5.32 5.32 
5.20 3.50 
1.53 1. 47 
6.74 6.7 4 

$ 24.82 $ 23 .06 

$ 7.91 $ 7.91 
181. 90 173 .25 

0 0 
0 0 
1. 2 1. 2 

267 267 

F eed out calves 
L evel of Managem ent 

A B C 
Oc t . Oct. Oct. 

1,07 8 1,027 976 
90 80 70 

8 08.5 684. 7 569.3 

1 83 17 5 167 

$ 1 0.4 6 $ 9.20 $ 8.14 
4.4 2 4.42 4.42 
7.50 7.50 7.50 
9.59 9. 59 9.59 
7.00 5.20 3.50 
3.28 3.1 2 2.97 
9.00 9.00 9.00 

$ 51. 25 $ 48 .03 $ 45.12 

$ 26 .34 $ 23 .33 $ 18.17 
19 0.58 181.90 173.25 

51.10 45.44 39.76 
220.3 195.8 171. 5 

2.068 1. 972 1.876 
3 01. 2 29 7.4 293 .6 


