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SUMMARY 

The objective of this study is to examine alter­
native methods for increasing incomes of farm 
families on Shelby-Grundy-Haig soils of southern 
Iowa. Prospects for increasing incomes through 
greater capital use, improved technology, larger 
farm size, part-time farming and shifts to non­
farm occupations are considered. Linear pro­
gramming is used in deriving optimum farm plans 
and farm size under various resource situations. 

Plans are first computed for "typical" or modal 
resource situations on farms of 80, 160 and 2W 
acres, using current farming techniques of the 
soil area. These plans provide, for each farm size, 
a "benchmark" income figure for comparison of 
earnings from other farm and nonfarm alter­
natives. The benchmark income for each farm 
size is first compared with incomes from farm 
plans where capital is increased and all other re­
sources and technology remain at the benchmark 
level. Returns on this additional capital are high 
for all three farm sizes studied. Computed next 
are increases in income possible from use of im­
proved farming techniques while operating capital 
and other resources are held constant at the 
benchmark level. Use of improved techniques 
with capital held constant also produces high 
returns. When improved techniques and greater 
capital are used together, however, the income 
increases are greater than from either used alone. 
This complementarity suggests a need for inte­
grated educational and credit programs. 

The optimum, or most profitable, farm size in 
the area studied was computed where plans were 
restricted by a family labor supply and a "typical" 
livestock buildings supply. Farms with about 260 
acres of cropland and permanent pasture were 
found to maximize profits in this situation; in­
comes were substantially increased by this ex­
pansion in farm size. However, with livestock 
buildings nonlimitational and family labor the only 
restricting resource, greater profits resulted from 
intensified livestock production rather than from 
increased farm size. Even with the latter resource 
restrictions, however, many farmers might prefer 
to expand farm size rather than intensify live­
stock production since less capital is required and 
lower risk is involved. These results support the 
hypothesis that pressure will continue for larger 
farms in southern Iowa. 

Under "typical" farm situations in the Shelby­
Grundy-Haig soil area, the analysis indicates that 
little or no sacrifice in income is required when 
farmers on 80 or 160 acres obtain part-time off­
farm work. In fact, if these farmers have only 
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average manageri_al ability and limited capital, 
they can hold full-time off-farm jobs, in addition 
to farming, with little sacrifice in income. In these 
situations, incomes are maintained at high levels 
through shifts toward enterprises with low labor 
requirements. However, if managerial ability and 
capital are at higher levels on 160-acre farms of 
this type, considerable sacrifice in farm income re­
sults when the operator takes an off-farm job. 
Total income from the two sources, however, is 
greater than from farming alone. Thus, off-farm 
work and farming, if this combination is avail­
able, appear promising for families in the area 
who wish to improve earnings, yet remain in agri­
culture. Part-ti~e farming might also serve as ah 
intermediate step for some families in a complete 
transition from farm to nonfarm employment. 

Finally, incomes from farming and from part­
time farming in the area studied are compared 
with incomes from use of the same resources in 
nonfarm pursuits. It is assumed here that when 
the operator moves to full-time nonfarm employ­
ment he reinvests, at 4 percent interest, the capi­
tal previously used in farming. In this soil area. 
average managers on 80 acres with limited capital 
($4.200) maximize income by moving to nonfarm 
employment and reinvesting their capital. This 
also is true for average managers of 160 acres at 
all levels of operating capital. However, an above­
average manager on either 80 or 160 acres should, 
for maximum profits, combine a full-time off-farm 
job with farming. One exception is that an above­
average manager on 160 acres with nonlimita­
tional capital has greater returns in farming if the 
nonfarm wage rate is only $1.35 per hour or less. 
This analysis indicates that, in general, operators 
in the Shelby-Grundy-Haig soil area who have 
above-average managerial ability should "keep at 
least one foot on the farm"; they obtain maximum 
profits from combining farming with off-farm 
work or by farming alone. Average managers, 
however, ordinarily maximize income by using 
labor and other resources entirely for nonfarm 
purposes. 

The analysis clearly indicates that farm family 
incomes may be increased in the area studied by 
greater capital use, improved techniques or non­
farm employment. Reluctance by farmers to use 
additional capital appears to be related primarily 
to risk and uncertainty. Lack of knowledge con­
cerning nonfarm jobs and preferences for farm 
living are probably the major obstacles to more 
rapid adjustments in the farm labor force of the 
area. 
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An i\.nalysis of Returns From Farm and Nonfarm 
Employment Opportunities on 

Shelby-Grundy-Haig Soils 1 

llY GEHALD \V. DEAN, EAIIL 0. HEADY AND H . H . YEH 

Historically, income per farm family has been 
lower in southern Iowa than in other parts of the 
state. Under pre-emption, homestead and other 
settlement rights, the initial (modal) size of 
farm in southern Iowa was the same as for the 
rest of the state-160 acres. However, because 
of differentials in soil productivity, and as re­
search developed techniques allowing extension 
of yield levels nearer to the potential of soil 
capacity, this number of acres has consistently 
provided less net income than the same number 
of acres in other major areas of the state. Too, 
southern Iowa has no large urban industrial 
centers which provide markets for labor-intensive 
enterprises such as dairying or vegetable pro­
duction; or, which provide a large number of non­
farm employment opportunities near at hand. In 
relation to other sections of Iowa, fewer southern 
Iowa farms have electricity, telephones and hot 
and cold J"Unning water. Townships with the low­
est "level of living" indexes are concentrated in 
southern Iowa.2 

These economic characteristics suggest that 
agriculture in southern Iowa has not yet made 
sufficient adjustment, in number of farms and 
farm people, to compare favorably in income with 
other sections of the state. Adjustments have 
been taking place, however, in the number and 
size of farms. For example, the mean acreage per 
farm in the five principal counties of the Shelby­
Grundy-Haig soil association increased from 164.3 
acres in 1930 to 168.9 acres in 1940, 185.8 acres 
in 1950 and 201.7 acres in 1954.3 In the 20-year 
period, 1930-50, rural population declined by 17 
percent. 

However, it appears that further adjustment of 
labor resources to capital and land resources is 
necessary if productivity and income per fami ly 
in southern Iowa are to compare favorably with 
the remainder of the state. A 1951 survey showed 

' Proj ec t 1220 of th e I owa Agr icultura l Exper imen t Station. 

'See: BackgTound of Towa ag ri c ulture. Iowa Ag r . Ext. Se r . 
('.\ l imeo ) . 1954. 

a Th e average farm s ize indicated is a w e ighted ave r age fo r th e 
fo ll ow in g fiv e counti es : Clar ke. D eca tur, Luca s. R inggold a nd 
Un ion. Data we re compiled from t h e To wa Cen sus o f Agr i• 
cul tu r e for J. 930, 1940, 1950 and 195~ . 

southern Iowa commercial farms to have an aver­
age investment per farm of $32,736, as compared 
with $61,371 per farm in north-central Iowa.4 The 
value of gross product per farm worker was $9,076 
and $14,076 in the two areas, respectively. 

Size and income per farm can be increased 
through the addition of acreage and/ or intensifi­
cation of a given acreage. Both methods are likely 
needed in southern Iowa. Expansion in acreage is 
difficult for operators who have limited funds and 
cannot readily increase their acreage through 
renting. A relatively high rate of farm ownership 
exists in southern Iowa.5 This may be partially 
expbined by the fact that less capital is required 
for purchase of a given acreage than in other 
areas of Iowa. Large acreages of permanent 
pasture in southern Iowa also help explain the 
relatively high rate of farm ownership. Land­
lords generally realize a small return from per­
manent pasture rented for cash. Similarly, be­
ginning tenants often lack sufficient funds for the 
cattle or sheep necessary to allow a farm with a 
large acreage of permanent pasture to be most 
profitable. Accordingly, farmers in southern Iowa 
place a premium on farm ownership. This owner­
ship, however, often is attained through purchase 
of a small, inefficient farm-one too small to pro­
vide a satisfactory level of family living. 

Several opportunities exist for increasing fam­
ily incomes where farms are too small or other­
wise give insufficient returns. In addition to ex­
pansion in size, farmers can improve farming 
techniques, take a part-time job off the farm or 
move into another occupation. The fact that , from 
1930 to 1954, there was an 18-percent decline in 
number of farm s in the five southern Iowa counties 
mentioned, indicates that many farm families have 
chosen the latter alternative. The data of table 

4 See: H ea d y, Earl 0 . a nd Shaw, R u ssell. R esou rce r e turn s a nd 
p r odu c t iv ity coefficien ts in selec ted far ming a r eas of I ow a 
Montana a nd A labama. Iowa A.gr. Exp. Sta. R es. Bul. 4 25 . 195 5'. 

"Onl y 24.1 perce n t of fa r m s a r e re n t ed in th e five s o u t h e rn 
l owa _counti es m entio ned , co mpared with 49.4 per cen t in H 
<:ount1es of north -cen t ra l Towa . 'l' h e 14 n orth -central Iowa 
cou n ti es are : Kossuth , W inn ebago, H ancock, F ranklin , Hardin, 
Stor y , G reene . Calhoun , Pocahon tas. vVrigh t, H a milto n. Boon e, 
W e bste r a nd Humbold t. Data are comp il ed from t h e 1 95 4 
Iowa Censu s of Agr ic ulture. 
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~ABLE 1. PER CE N T AGE OF FARM OPERAT OR S WORKING 
OFF TH E F' ARNI MO H E T H .-\N 1 DAY .\ .'INUALL Y AN D 
~I ORE TI-J A :--1 1 00 D A Y S .-\:'-l~U.\LLY 1:--1 PIY E SOUTH E:H. N 

10 11· ., COUNTTES. 

Sou thern I owa c o unti e s* 

Av. o f 

Cl a rke D ~i; - Lums 1~~~f U ni o n 
th e 

Y ea r fiv e 
COUil -
t i es 

Pe r ce nt o f 
opera to rs 
working o ft'­
farm more than 
J day annuall y 

19 40 
1950 
J 95 4 

19.6 25. 4 
25.7 31. 4 
39 .3 41.6 

19.9 19.9 23.8 21. 7 
34.1 29. 2 25. 4 29.2 
38. 7 37.6 4 0.0 39. 4 

P er cent of 
operator s 
working o ff­

19 40 
1950 
L95 4 

5.2 9.0 
10 .9 1 3. 6 
1 2. 6 14 .3 

8.6 5.8 7.5 7. 2 
14. 5 l 0.5 10. 4 l 2.0 
l 9. 0 14.0 18.fi 1 5 .7 

farn1 more than 
100 days annua lly 

• 'I'he presen t s tud v d ea l s o nl y wi t h f a rm s i n t h e Sh el br­
Gruncl y-H a ig soil a~socia ti on . The fiv e count ies sh ow n in 
thi s ta bl e a r e th e counli e:.; co ntaining prim aril y lh f-'~ e 8o ils . 

1 indicate that an increasing n umber are t urning 
to part-time work in other occupations as a means 
of supplementing farm earnings . 

OBJECTIVES 
The purpose of t his study is to examine alter­

natives fo r increasing incomes of farm fam ilies 
in southern Iowa. Since the amount by which a 
speci fic course of action will increase incomes de­
pends on soil types and other physical character­
istics, as well as on prices of products and re­
sources, this study is restricted to a specific soil 
association-Shelby-Grundy-Haig soils. This soil 
associa tion is contained almost ent irely in Clarke, 
Decatur, Lucas, Ringgold and Union counties . The 
study has been made t o det ermine the extent to 
which farms of specified sizes might increase in­
comes by improving technology or practices and 
by using mor e capital. An a uxiliary objective is to 
examine the scale of operations in acres an d the 
income of farms which might expa nd in size up to 
the limits of t he family labor supply. (While farm 
size could be increased, through use of hired labor, 
considerably beyond the acreag-e determined, the 
purpose of this study included only the analysis 
of a strictly family-labor farm.) A fi nal objective 
is t o det ermine the condit ions under which farmers 
operating with di fferent amoun ts of capital and 
different acr eages might realize a greater income 
by shif ting to part- or full- t ime nonfarm occuna­
tions. In attaining these objectives, t he followin g 
steps ar e included in the study: 
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I. Plans which maximize profits have been com­
puted, using current farmin is techniques of 
the area, fo r fa rms of 80. 160 and 240 acres; 
labor was restricted to that of the family, 
and opera ting capital was set at a medium 
level fo r each farm size . This step provides, 
for each farm size, a "benchmark" income 
figure fo r comparison of earnings when im­
proved t echniques and/ or addit ional operating 
capital is used. It also provides "bench­
marks" in comparing incomes from farm and 
nonfarm employment opportuni ties. 

2. Plans were computed for 80-, 160- and 240-
acre farms, assuming several different levels 
of operating aapital. The incomes from these 
plans, compared with those of the bench­
mark sit uations, suggest the opportunit ies 
for increasing income thro ugh use of ad­
ditonal funds alone, while techniques remain 
unchanged. 

3. P lans have been computed which assume 
above-average management and imoroved 
techniques. The incomes obtained under these 
plans t hen may be compared wit h those de­
r ived from plans involving the same amount 
of capital, but based on current ly used tech­
niques. These comparisons show t he possi­
bilit ies of increasing incomes by improved 
techniques alone. F inally, incomes for plans 
involving both greater operating capita l and 
improved techniques may be compared with 
t hose for Jess capital and currently used tech­
niques . These plans show how changing capi­
tal and technology together may increase in­
come. 

4. Acreage and capital restraints were lifted for 
the 160- and 240-acre units to determine to 
what size they might expand with operations 
restricted only by the family labor supply. As 
mentioned previously, extremely large farms 
would be possible with use of hired labor. 
However, t he purpose here was to examine 
income possibilit ies under a purely fam ily­
labor sit uation . 

5. P lans were computed for 80- and 160-acre 
uni ts to show the farm phm which maxi­
mized income with t he operator en11:aged in 
part- or fu ll-t ime work off the fa rm. This st ep 
was t aken as an aid for guidance of farm 
fam ilies who are not satisfied with present 
income levels, who have insufficient funds for 
farm expansion but wish to remain in farm­
ing and who do have oppor t unities for off­
farm work. 

6. Wage returns in alternative off-farm em­
ployment opportunit ies were compared wit h 
the farm incomes computed under the various 
sit uations ment ioned above. These compar­
isons suggest the amounts of operating capi­
t al, farming techniques and managemen t 
levels necessary before real income from 
agricul t ure eq uals t hat from nonfarm employ­
ment alternatives. 

The analysis which fo llows relates to farms of 
80, 160 and 240 acres. Census data suggest these 
sizes to be predominant in the area under analys is. 

FARM RESOURCE SITUATIONS 

The farm plans and incomes which follow were 
determined by linear programming. Plans were 
computed for situations estimated to be typical 
of t he Shelby-Grundy-Haig soil ar ea. As a basis 
for programming, it was necessary to define the 
restrictions which limit the plan in each of t he 
farm sit uations analyzed. Hence, the land area 



for each farm size was divided, on the basis of 
county and farm soil maps, into categories by soil 
type and slope criteria. .Specification of the per­
centage of land in the various categories and in 
permanent pasture was made with the aid of per­
sonnel from the Department of Agronomy, Iowa 
State College. Operator and family labor available 
for farm work was approximated from interviews 
with farmers in the area. Machinery and build­
ing facilities were estimated from inventories on 
Clarke County farms of 80, 160 and 240 acres, 
judged by Extension per sonnel to be typical of the 
area. Six different levels of operating capital were 
assumed; the range being sufficiently wide to in­
clude the majority of farmers in the area. Details 
of the resource restrictions and price situations 
used in deriving farm plans and incomes are dis­
cussed in the fo llowing sections . 

LA'.'1D 

The soil types commonly found in the area 
studied are Grundy-Haig silt loam, Grundy silt 
loam and Shelby loam. Shelby soils usually occur 
on sloping hillsides and narrow spur ridges, with 
slope varying from 4-7 percent and over; erosion 
is a serious problem. Grundy soils usuall y occur 
on gently sloping upland ridges and flats with 
slopes of 2-8 percent. Generally, Haig soils have 
slopes of 0-1 percent and are found on flat ridges 
and depressions in the Grundy soils . 

To restrict crop rotations to soil capabilities, 
the crop area is divided into three categories on 
the basis of slope and soil type. Soil class I in­
cludes only Grundy-Haig silt loam of 0-1 percent 
slope ; soil class II is predominately Grundy silt 
loam of 2-5 percent slope ; soil class III is pri­
marily Shelby loam of 4-7 percent slope but in­
cludes small areas of up to 12 percent in slope. 
All land over 12 percent in slope is in permanent 
bluegrass pasture. The crop and pasture land for 
each farm size is divided on the basis of pro­
portions of these soil classes existing on "typical" 
farms in the area. Percentages of total crop and 
pasture land in the various soil classes are as fol­
lows: 16.7 percent in soil class I, 34.6 percent in 
soil class II, 27.9 percent in soil class III and 20.8 
percent in permanent pasture. Within the Shelby­
Grundy-Haig soil area a rather wide range exists 
in composition of soils. Some farms may have 
much higher percentages of class I soils than the 
"typical" situation discussed; others may have 
higher percentages of class III soils and permanent 
pasture. Inferences from this study should be 
limited to farms which approximately meet the 
soil restrictions specified. A range of crop ro­
tations is a llowed on each soil class; crop yields 
for various rotations, ferti lizer rates and soil types 
are presented later. 

LABOR 

Three levels of labor availability ar e considered 
for the various farm situations studied. La bor 
situations include those where the operator is (a) 

T A8 L ·1,; 2. H OU RS OF sgASON .-\L L A RO R AV A ILA BLE FOR 
F ARM W ORK WllEX THE O PER ,\TOR 1S (1) FARMI.'<G 
F ULL -T l :VIE. l2) \ VO RKfNG OF F-FA R:\'f PART-TIME AND 

(3) \\"ORK ING OFF-FAR:\1 F U LL-TIME. 

(1 ) ( 2) (3) 

F a rming P art-tim e F ull -
o ff-fa rm t i m e 

?l lo n t h :s f ull -tim e job off. 
fa rm 

Ope r - Fam - T ota l O pe r - F a m- Tota l job 
a to r ii .\" a to r H y Total 

-

Dec.-.J a n .-F eb. 72 0 13:; 855 345 135 480 309 
~l a r e h -,\pril 610 90 700 360 90 450 206 
J\ Jay-J u ne 610 J4 0 75 0 360 140 500 256 
J u l.r-. \ug . 6 10 l.40 7 50 360 1 40 500 206 
Sept. -Oc t. -N ov. 7(i5 13 5 90 0 390 13 5 5 25 309 

farm ing full-time, (b) holding a part-time nonfarm 
job and (c) holding a full-time nonfarm job. 

Part 1 of table 2 shows the seasonal breakdown 
of operator and family labor for a full-time farmer . 
From March through August 305 hours of operator 
labor are available per month. The operator labor 
supply decreases to 255 hours per month in the 
fall and to only 240 hours per month in the slack 
winter season. Family labor of 45 hours per 
month is available from September through Febru­
ary and increases to 70 hours per month during 
the summer, wh en school-age children are on va­
cation. 

Part 2 of table 2 shows the labor available for 
farming when the operator holds a part-time off­
farm job. This situation supposes that, year­
around, 5.5 hours per day for a 5-day week are re­
quired on the off-farm job-4 hours at work and 
1.5 hours for transportation. Operator labor is 
accordingly 125 hours per month less than the 
full-time labor supply shown in part 1 of table 2. 
Family labor, however, remains unchanged. 

Part 3 of table 2 indicates total hours of labor 
remaining for farm work when the operator holds 
a full-time off-farm job of 40-hours per week year­
around . In this situation, family and operator 
labor is reduced to only 103 hours monthly for 
farm work. With full-time work, however, the 
operator generally is entitled to an annual va­
cation; hence, 1 week (50 hours ) of this vacation 
is assumed to be used for farm work in the labor­
critical May-June period. 

OPERATING CAPITA L 

The quantities of operating capital (exclusive 
of that invested in machinery, buildings and land) 
used on farms of 80, 160 and 240 acres for bench­
mark comparisons ar e $4,200, $8,400 and $12,600, 
respectively . These amounts approximate the 
average quantity of operating capital used on 
farms of the three sizes in 20 southern Iowa 
counties studied by Heady and Shaw. 6 However, 
average capital use per farm in the Shelby­
Grundy-Haig area is somewhat greater than these 
amounts . To cover situations including a greater 

• H ead y, Ea rl 0. a nd S h aw, Ru sse l l. o p. c it. Th e 20 c o unti e s 
s tudie d wer e: Cla r ke, D ecatur, Lucas, Ringgo ld, U ni o n Tay lor 
i •Vay n e, A ppa n oose. Dav is, V a n Ruren, L ee, Ad s. m <s ':\1onroe ' 
vVapello, J e ffe r so n, .\J a cli so n , \\"a rre n , :\Jario n, :Vla l{aska a n d 
Keok uk. 
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number of farmers, six different levels of oper­
ating capital are considered in deriving plans for 
each farm size: the benchmark amount of oper­
ating capital, 50 percent less than the benchmark 
amount, 25 percent less, 25 percent greater, 50 
percent greater and a nonlimitational level of oper­
ating capital. At the latter level, sufficient capital 
is available such that only resources other than 
capital restrict the farm plan. The operating capi­
tal level in each situation refers to the available 
quantity, whether it is owned or borrowed. How­
ever, incomes shown for the following farm plans 
assume that all operating capital expended is 
owned. If part of the operating capital is bor­
rowed, interest charges should be deducted from 
the resulting farm incomes. 

MACHINERY AND BUILDINGS 

The owner-operator in each situation is assumed 
to have an adequate line of machinery for the 
cropping operations. In computing total invest­
ment, the value of machinery, buildings and land 
must be added to the operating capital shown. 
These statements do not imply, of course, that all 
machinery must be owned; machine services also 
may be obtained on an exchange or custom basis. 
In either case, machinery costs are relatively in­
flexible and, hence, are treated as fixed costs . That 
is, machinery costs are not included in linear pro­
gramming, but are merely deducted from income. 

Hay-storage facilities, granaries and corncribs 
are assumed adequate (or can be easily increased ) 
in all cases, for handling production from crop­
land. The floor areas of building space available 
for various types of livestock on 80-, 160- and 240-
acre farms are shown in table 3. Building costs 
also are treated as "fixed" and are subtracted 
from income in the manner described for m~­
chinery costs. 

Total fixed costs (taxes, insurance, building r e­
pairs and depreciation on machinery and build­
ings) deducted from incomes on 80-, 160- and 240-
acre farms are $1,484, $2,125 and $2,405, respec­
tively.7 These fixed costs are approximate and 
may require adjustment in individual situations. 

MANAG EMENT ANO T ECHNOLOGY 

One objective of this study is to determine in­
come increases possible from adoption of improved 
farm technological developments combined with 

' Fi x ed co,;l,; take n from th e 1955 " Io"·a f•'arm Record S u m ­
m a r y" for t h e so uth e rn Towa pasture a rea (see tab le 1\ -l, A p ­
pe ndix ). 

TABT;E 3. SQUARE FEET OF .\VAl l ,ABLI~ HUi l ,Dl NC 
SPACE FOR HOGS, BEEF C.\T".rLE AND P OUl,TRY 0~ 

FARMS OF 80, 160 AND 240 .\ CR l~S. 

F arm :-; i ze 
(acr e. J 
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80 
160 
240 

Bu ilding space 
fo r h ogs 
(sq . ft.) 

414 
512 
6 24 

Build ing space 
fo r cat tl e 
(sq. ft.) 

720 
1 ,640 
2,208 

Bui lding ;;pace 
for pou lt r.,· 

(sq. ft . ) 

432 
432 
480 

above-average managerial ability. Hence, two al­
ternative conditions are used with respect to man­
agement level and state of technology: (1) aver­
age management and use of presently accepted 
farm technology and (2) above-average manage­
ment and use of improved farm technology. Dif­
ferences in management and technology are re­
flected in the input-output coefficients used in pro­
gramming. Resource requirements and returns for 
various crop and livestock enterprises under the 
two management and technological conditions are 
shown later in tables 6, 7 and 8. Important dif­
ferences in the cropping system occur under con­
ditions (1) and (2). Under the first condition, the 
cropping system approximates the average of 
those actually followed in the area. Iowa Farm 
Census data were used to derive the average 
cropping pattern, fertilizer use and yields for the 
5-year period 1949-53 in the Shelby-Grundy-Haig 
soil area. Under the second condition, several 
improved rotations and fertilizer methods or rates 
are used for the various soil classes; these im­
proved crop practices, together with selection of 
improved seed varieties, timeliness of field oper­
ations, etc., are reflected in increased yields. 

Differences between the two levels of manage­
ment and technology also occur for livestock. 
Major differences in hog production practices 
under conditions (1) and (2) are reflected in feed 
requirements per 100 pounds of pork produced and 
in number of pigs marketed per litter. Differences 
in management and techniques in feeder cattle 
production are assumed to appear mainly in mar­
keting, rather than in feeding efficiency. Thus, 
the analysis supposes that an above-average man­
ager is able to purchase a more uniform group of 
feeder cattle and can sell fat cattle at higher prices 
than an average manager. In comparing manage­
ment practices for beef cows, average management 
results in a lower percentage calf crop and a lower 
selling weight and price for the calf. 

CROP ENTERPRISES 

Table 4 indicates crop yields expected from im­
proved rotations and fertilization methods (i .e., 
corresponding to above-average management) on 
three soil types. Rotations considered for each 
soil class previously have proven profitable alter­
natives under farm conditions. Three rotations 
are included for soil class I, four rotations for soil 
class II and two for soil class III. The yield esti­
mates of table 4 assume (a) a cropping system in 
operation for at least 10 years, (b) terraces and 
contour cultivation used where needed to control 
soil loss to less than 5 tons per acre per year and 
(c) average weather conditions. The crop system 
and yields under currently used practices (i.e., 
average management) were compiled from the 
1954 Iowa Farm Census (see table 5). Census 
data show the average amount of fertilizer used 
by southern Iowa farmers is even less than the 
first or "low" rate indicated in table 4. 



TABLE 4. FERTTUZ.\ TIO>i R.\TES AND CROP YI ELD ES'TI :\I .\T !;:S f'OH Y.\R IOUS ROT.\T'TO:-JS OC'I THE MATN SOIL 

TYPES O J~ THE SHELBT-GRUNDT-E-JATG SO I L .\ SSOCI A TI.ON.• 

First o r " l ow" ferti li zation rate Second o r '' high '' fert ili zation rate 
Soi l type Rotation 1st ,Yea r 2nd year 1st _\·ear 2nd year 

<.:O l'tl corn Oats So)·beans Ha.v co rn corn Oat:s So.\·bean8 }fay 

G rundy-H a ig s i lt l oam , CCS b 1 0-15-10 30-15-1 0 0-0-0 4 0-20-1 0 50-20-1 0 0-0-0 
0-1 perce nt ,- Jopc 45 40 22 55 :;o 25 
(so il c lass I) CSbCO M 5-15- l 0 10-15-10 10-20-0 0-0-0 0-0-0 5-20-10 30-20-1 0 20-30-0 0-0-0 0-0-IJ 

55 50 28 22 1. 9 65 60 35 25 2.2 
CCO.\I 5-15-1 0 30- l ii-10 10-20-0 0-0-0 5-20-10 50-20- 10 10-30-0 0-0 -0 

55 50 2 1.9 65 60 35 2. 2 

Grundy sil t Joan,, CCO:\I 5-15- 1 0 30-15-10 l 0-20-0 0-0-0 5-20-1 0 60-20-10 J 5-30-0 0-0-0 
2-5 pe r cent s lope 60 55 30 2.2 70 65 35 2.5 
(;<o il class .IT ) CCOM~ I 5-15- 10 30-15-10 1 0-20-0 0-0-0 :;.20-1 0 50, 20- I 0 15-30-0 0-0-0 

60 57 30 2. 2 72 68 3 5 2.8 
CSIJCO:\I 5-1 ~,- ! 0 20-15- l 0 10-2 0-0 0-0-0 0-0-0 -'i-20- 10 50-20-1.0 10-30-0 0-0-0 0-0-0 

60 57 30 22 2.2 70 65 35 25 2.5 
CO :\I 5-li>-10 l 5-20-0 0-0-0 5-20-10 20-30-0 0-0-0 

60 35 2.2 70 35 2.5 

S h e lb y loa1n 1 COM 5-20-1.0 15-30-0 0-0-0 5-50- 10 30-30-0 0-0 -0 
4-7 per cent s lope 35 30 1. 8 45 ~5 2.5 
(soi l c lass III) CO :\IM 5-20-10 1 0-30-0 0-0-0 5.:;0.10 30-4 0-0 0-0-0 

40 32 2.0 48 35 2.6 

* Upper three Agures of each g roup of figu r es are pound s of nitrogen. ph osl) h oru s a nd pota,;,;s iurn app l ied pr acre of c rop : lower 
figures a r e y ield ~ in bu sh el s per ac r e for g rain and ton .s per acre for hay. Data 111 this talJle w er e obtain ed from \\' . D. 8 hra der , 
Departm ent of Agr onomy, Towa State Co ll ege. 

Table 6 indicates the resource requirements, re­
turns and physical output per acre of the cropping 
systems used in this study. The abbreviations for 
rotations and fertilizer rates used in table 6 will 
be used throughout the text (e.g., CSbCOM1 is a 
corn-soybeans-corn-oats-meadow rotation fertilized 
at the first or "low" r at e ; COMM2 is a corn-oats­
meadow-meadow rotation fertilized at the second 
or "high" rate). Crop rotations on soil classes I, 
II and III in table 6 are operated under above­
average management and use of improved tech­
nology; the final column of t able 6 assumes aver­
age management and currently used technology. 
No value is placed on hay produced by the various 
rotations other than the yield-increasing effects 
on grain crops. Forage is assumed to give direct 
returns only wh en used in livestock production. 
Therefore, hay harvesting expenses are charged 
to the livestock utilizing the forage rather than 
to the crop rotation producing it. This accounting­
procedure by-passes the difficult problem of valu­
ation of an intermediate product (hay) for which 
there is no ready market in the area; also, th e 
procedure explains negative r eturns for the COMM 
rotations on soil class III, table 6. 

LIVESTO CK ENTERPRISES 

A total of 11 livestock enterprises are allowed 
to compete for scarce farm resources: three calf 

TABLE 5. CR OP PATTERN .\:-ID .\YE R .\GE YI £i:LD ['J,;R 
.-\ CRE l .: SED LX Tl-ITS STUDY FOR CR Ol'S U>IDER 
.\YERAGE :\J.\:-JAGE~'IENT .\:-ID CU RRE:-JT TEC H :-IOLOGY.* 

Crop 
Propo rti o n of 
land in c rotJ 

c pe rcent) 
~{i e ld per aer o 

- -----------------------
Co rn 
Oats 
!·fa)· 
Permanent pas tu r e 

Total 

22 
10 
n 
21 

100 

38.1 bu. 
28.0 bu. 

2.0 t o n s 
1.0 to n s 

*Cropping pattern and yi e lds a r e average, of _1949:53 com pil ed 
from I owa Farm Ce nHU8 data for t l1e foll ow 1ng· five counti es 
loca t ed in the S h e ll i)·-Grund)·-H a ig ~o il area : Clarke . Decatu r , 
Lucas, Ringgo ld a nd Union . 

feeding enterprises, three yearling feeding enter­
prises, three hog-raising systems, a beef cow herd 
and a poultry enterprise. Following is a brief de­
scription of each enterprise. 

Good-choice steer calves f ed in drylot: Good­
to-choice steer calves weighing 430 pounds are pur­
chased in October and wintered in drylot. In early 
summer they are put in drylot and full-fed until 
marketed in August. Average gain per animal is 
550 pounds . Death loss is assumed to be 2.5 per­
cent. 

Good-choice steer calves fed on pasture: 
Good-to-choice steer calves weighing 430 pounds 
are purchased in October and wintered on roughage 
and a limited quantity of grain. Feed is increased 
while the calves are on pas ture from May to July. 
In July the calves are put in drylot and full-fed 
until sold in September at 990 pounds. Death loss 
is assumed to be 2.5 percent. 

Good-choice steer calves, deferred-f'ed: Good­
to-choice steer calves are purchased in October 
at an average weight of 402 pounds. They are 
wintered on roughage, then fed without grain on 
pasture from May to August. The animals are 
taken off pasture in August and fed an intensive 
grain r ation for about 6 weeks. They are marketed 
at a grade of good-to-choice in the latter part of 
November at a weight of 1,056 pounds. A death 
loss of 3.0 percent is assumed. 

Good-choice yearling steers fed in dryloti 
Good-to-choice yearling steers are purchased in 
November at about 650 pounds and are marketed 
in September at a weight of 1,070 pounds. Feed~ 
ing practices for this enterprise are similar to 
those described above for good-choice calves fed 
in drylot. Death loss is assumed to be 1.5 percent. 

Good-choice yearling steers fed on pasture: 
Good-choice yearling steers are purchased in Oc­
tober at an average weight of 621 pounds. They 
are wintered in drylot on roughage and a small 
amount of grain. About May 1 they are put on 
pasture while grain is increased. In July the calves 
are put in drylot and full-fed until marketed in 
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August at an average weight of 1,108 pounds. 
Death loss is assumed to be 1.6 percent . 

Medium yearlinp steers f ed in drylol: Medium 
yearling steers are purchased in November at an 
initial weight of 670 pounds. They are kept on 
drylot and fed a moderately high grain ration 
until marketed m April or May at an average 
weight of 957 pounds. Death loss is assumed to be 
1.5 percent. 

Bee f cow enterprises: Stock cows are bred to 
calve in the spring. Cow and calf are carried on 
pasture throughout the grazing season and the 
calf is marketed in October. Under above-average 
management and improved technology, a 90-per­
cent calf crop is assumed, with the calves sold at 
an average weight of 450 pounds. Under average 
management and currently used technology an 
85-percent calf crop is assumed, with the calves 
sold at 415 pounds per head. The herd is com­
pletely replaced every 8 years. 

Spring hog enterprises: Spring litters are far­
rowed in April and marketed the following Octo­
ber. One gilt is kept per litter for replacement. 
Under above-average management and improved 
technology, 6.11 pigs are sold per litter and 333 
pounds of corn are required per 100 pounds of 
pork produced. Total quantity of pork marketed 
per litter, including the sow, is 1,675 pounds. Un­
der average management and currently used tech­
nology, 5.44 pigs are sold per litter and 396 pounds 
of corn are required per 100 pounds of pork pro­
duced. The total quantity of pork marketed per 
litter, including the sow, is 1,524 pounds. 

Fall hog enterprises: Fall litters are farrowed 
in August and marketed the following April. One 
gilt is kept per litter for replacement. Under 
above-average management and improved tech­
nology, 7.01 pigs are sold per litter and 355 pounds 
of corn are required to produce 100 pounds of 
pork. An average of 1,877 pounds of pork, includ­
ing the sow, are marketed per litter. This hog 
system was not included with average manage­
ment and currently used technology. 

Two-lilt er hog enterpris es: Two litters of hogs 
are marketed annually from each sow. Spring 
litters are farrowed in April and marketed in Oc­
tober; fall litters are farrowed in August and 
marketed in March. One gilt is kept from the fall 
litter for replacement. Under above-average man­
agement and improved technology, 13.12 pigs are 
marketed per sow (two litters per year) and 339 
pounds of corn are required per 100 pounds of 
pork produced. A total of 3,352 pounds of pork, 
including the sow, are marketed annually. Under 
average management and current technology, 11.78 
pigs are marketed per sow (two litters per year) 
and 415 pounds of corn are required per 100 
pounds of pork produced. A total of 3,052 pounds 
of pork, including the sow, are marketed annually. 

Poultry enterprise : The poultry flock is com­
pletely replaced each year. Sexed chicks are pur­
chased and kept for laying hens. Cull hens are 
estimated as 11 percent of the total. Mortality 
rates are 10 percent for chicks and 15 percent for 



hens. Average annual egg production per hen is 
180 eggs. 

Resource r equirements and returns for t he 11 
livestock enterprises operated under above-aver­
age management and improved t echnology ar e 
shown in table 7. Table 8 gives similar informa­
t ion for livestock enterprises operated under aver­
age management and cur r ently used technology. 
Diffe r ences in input-output coefficients fo r the 
same livestock enterpr ises in tables 7 and 8 r eflect 
changes in management and technology. These 
differ ences are as follows : In the feeder cattle en­
t erprises, fat cat tle are sold at $1.25 per hundred­
weight higher under above-average management 
and improved t echnology. For the beef cow enter-

pr ise, a smaller calf crop and lower selling weight 
per calf are assumed under average management 
and current tech}J.ology. Also, t he calves produced 
under t his condit ion sell at a price $1.50 per 
hundredweight lower than those produced under 
above-average management and improved t ech­
nology. Th us, in all beef enterprises, differ ences 
in management and technology are r eflected only 
in the r eturns per unit; resource requirements 
ar e t he same under both condit ions. However , for 
the hog enterprises, differ ences in input-output r e­
lationships outlined previously r esult in changes 
in resource requirements as well as returns. Dif­
ferent iation in terms of management and technol­
ogy is not made for t he poultr y enterpr ise. 

T ABLE 7. RESOURCE REQUI REMENT S AND RET URNS PER UNTT OF SELECT ED LIVEST OCK ENTERPR ISES UNDER 
ABOV E-A V E:RAGE MANAGE MENT AND I MPROVE D TECHNOLOGY. 

Good -cho ice cal ves Good-cho ice Good -ch o ice M ed iu m B ee f Spring 2-li tte r F a ll 
ca l ves, yea rlings y ea rlings, cow hog h og h o i:- Poultry 

defe rred 

Labo r (man-h rs.): 
Dec.-J a n .-Feb. 

March -Ap r il 

May-Ju n e 

J ul y-Au g-. 

Sept.-Oct.-Nov. 

Buil d ing space 
( in sq . ft.) : 

Feed g ra in 
( in b u .):• 

H ay 
( in tons) :t 

Ope r at in g capita l 
r equired 

( in d ollars) :t 

Net r eturn 
(in d o llars):§ 

D r y lot P asture 

[ h e~d] L , e~cll 

3.01 3.25 

2.38 2.56 

6.43 6.62 

6.22 6.35 

3.00 4.4 8 

30.00 20 .00 

61.00 50.00 

0.7 0 1.60 

l1 9.07 11 7.96 

34.41 52.38 

fed D r .v lot Pasture dr y lot 

[ h e~d ] [ h e~d ] [ h e
1
a d ] [ he~d] 

3.31 1. 70 l. 3 2 6.30 

0. 4 5 1.2 2 1. 01 4.20 

0.22 5. 4 2 6.97 2.39 

0.22 5.42 6.68 1.14 

8.25 3.20 4.4 3 3.07 

20.00 40.00 30.00 40.00 

53.70 55.00 50.00 33 .00 

2.77 1. 70 2.42 0.67 

121.5 2 161.53 146.18 1 26.51 

64.93 22.4 4 49.42 22 .8 7 

• Oats con ve r ted to feed grain on t h e basis of 2 b us h el s oats = 1 b u shel co rn . 
t Pasture requirements have been con verted in to to n s of hay equi valen t. 

herd ~ys t e m s_vs t en1 system 

( h e~d ] [ li t~e r ] [ l i tt
2
e rs ] [ lit~e r ] 

[ , oo l 
b ird , 

5.6 1 5.95 12.92 9.3 1 44.10 

3.80 5.07 16 .11 4.09 37.80 

3.6 1 4.52 9.20 3,27 53.76 

3.30 4 .3 2 6.96 4.36 33. 18 

4 .03 6.14 14 .34 11 .98 41. 16 

50, 00 42.66 70 .10 72 .23 41 2.00 

6.6 8 96 .5 3 202.86 119.01 1 62.66 

5.47 0.70 0.7 0 0.00 0.00 

188.83 141. 82 240. 43 177 .43 36 7.00 

67.32 97.61 168.44 54.32 43 .21 

t Does not in c lude capita l requ i r ed f or fixed costs. Does In c lude p u rch ase cost of feede r cat tle a nd poul t r y a nd In itial Investm ent 
In b r eed in g stock for beef cow h e rd a n d h og ente r prises. 

§ Net re turn per un it = g r oss r e turn per unit - var iable cos t s pe r uni t. 

TABLE 8. RESOUR CE REQUI REMENT S AND RET URNS PER UNIT OF SELECTED LIVEST OCK ENT E R PRISES UNDER 
A V E R AGE MANAGEMENT AND CURRENT LY USED TECH NOLOGY. 

Good -ch o ice cal ves Good-ch o ice Good-ch o ice 
Item calves. ., ·e-.:i. r lin gs 

D r .v l ot P as ture deferred 
f ed D r ylot Pas tu re 

[ he~d] [ h;ad] [ he:id] [ he~d] [ h e~d] 

Labor (man-hrs.): San1e iabor rPqui r em en t!::i as show n in tab le 
B uil d ing space 

( in sq. f t.): 30.00 20.00 20 .0 0 40.00 30.00 

Feed g ra in 
( In bu .):• 6 1. 00 50.00 53. 70 55.00 50.00 

Hay 
( in ton s) : t 0.70 1.60 2.77 1. 70 2.4 2 

Ope r ating capital req ui r ed 
(in d o lla r s) :t 11 9.06 11 7.96 121.52 161.53 146.18 

N e t return 
( in d o ll a r s) :§ 22.29 40.03 51. 7 3 9.06 35. 4 8 

• Oats conve rt ed to feed g r a in o n t h e bas is of 2 bu s h e ls oats = 1 bush e l corn . 
t P a sture r eq u i r ements have been conve r t ed into t o n s of h ay equiva le n t . 

7. 

l Does n ot inc lude capi ta l r equired fo r fixe d cos t s. Does in clud e p urchase cost 
s t ock for bee f cow h e rd a nd h og e n te rpri ses. 

§ N e t re t urn per un i t = g r oss r e tu r n per u n it - variable cost s pe r u n i t . 

M ed ium Beef S pring 2-l it te r 
yearlings, CO \ V hog h og 

dry lo t h e rd sys t e m sys t e m 

[ he~d] [ h e
1
a d ] [ lit{ e r ] [litt2ers l 

40 .00 50.00 38 .63 73 .46 

30.00 6.68 107 .61 226.30 

0.67 5.47 0.72 0.72 

1 26.5 l 188 .83 128.9 2 219.88 

10.9 4 56. 45 65. 49 121.54 

of feed e r ca ttle a nd in i tia l invest m e n t in b r eeding 
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PRICES USED 

Prices used in this study are based on long-run 
price ratios between commodities, with adjust­
ment to the 1955 price level relative to corn at 
$1.20 per bushel. The method used in adjusting 
prices is as follows: The average product price 
over a complete "price cycle" 8 is divided by the av­
erage corn price over the same period; this quo­
tient is then multiplied by the 1955 price of corn.9 

The first step guarantees that the historic price 
rela tionship between commodities is maintained. 
The second step adjusts all prices to the 1955 price 
level, using the price of corn as an indicator of 
this level. Table 9 gives the purchase price and / or 
selling price for various items included in this 
study. 

METHOD OF AKALYSIS 

Linear programming is used to determine the 
most profitable farm ing plan for each of the re­
source situations studied. 10 Maximum profit plans 
are not computed as a prediction of what farmers, 
on the average, are now doing. Instead, they are 
used to illustrate the highest incomes possible un­
der the various resource and farm practice situa­
tions. From these several maximum profit plans, 
prediction can be made of the extent to which 
farm incomes might be increased by (1) getting 
more capital into the hands of farmers, with tech­
nology remaining constant, (2) using education to 
increase knowledge of farm practices, capital levels 
remaining the same, (3) increasing both capital 
and technical knowledge, (4) adjusting f arm size 
to the limits of the farm labor supply or (5) shift­
ing by farmers to part- or full-time off-farm em­
ployment. 

Under each s ituation with respect to resources 
and techniques, a program is obtained which al­
lows the condition of equation (1) where c is a 
column vector of the returns per unit of the crop 

(1) ma ximize [(X ) = c 'X 

and livestock enterprises mentioned earlier and X 
is a column vector of the level of output of these 
enterprises. With the addition of slack variables, 
profit is maximized subject to the restraints out-

(2) P ,X, + P ,X, = R 

8 'l'h l e n g th o f " p rice cycle" v a r ies betwe e n p r odu c t s. For ex ­
a mpl . th e pri ce cyc le pe riod f o r hogs is about 7 yea r s, h en ce 
ave rage hog prices over the 7-year pe riod , 194 8-5 5, a r e used 
in t h e adjus t m n t procedu r e. The pr ice cycle for grai n a nd 
poultry is 10 year s (1946-55) wh ile th e l)eef p r ice cyc le fo r 
beef ca ttl e i s almos t 20 yea r s (1936-5 5). 

° Co r n pri ce of $1. 20 p e r b u s h e l (av e rage pri ce receive d b y I o wa 
fa rm e rs in Se pte 1n be r, Octobe r, N ovembe r and D eceinbe F, 
19,5 ) is u sed in th e adju s tme nt. 

1° F o r oth er a pp1ica tions of linear programming see : B ow l en , 
Bernard a nd H ead y, E ar l 0 . Opt in1un1 co mbi na ti o ns of con1-
p e titi v c rops at pa rti cular lo cation s . I ow a Agr. Exp. Sta. R e s . 
Ru l. 4 26. 1955; H ead y, E ar l 0. a nd Gi l s on, J. C. Opti mum 
co mbi nation s of l iv s to c k e n terp rises a nd m a nage m ent prac­
ti ces on f a r m s inc l uding s upp l e m e nta r y dairy an d poultry 
e nte r p r ises. Iowa Ag r . Exp. Sta . R es. Bu i. 437. 1956: a n d 
H ea d .v, E a rl 0 ., Loftsgard, L a urel D ., P a ul sen , Ar n old a nd 
Dun ca n , E. R . O ptimum fa rm p la n s f o r b eginning f a rm e r s 
o n T a m a -:\lu s 2a t in e so il s . I o w a A g r . Exp. Sta. R es. Bu i. 440 . 
1956. 
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T ABLE 9. 1\VERA GE AD J USTED PRICES U SED IN THE 
ANALYSIS.* 

Ite m 

Seed a nd fertil ize r : 
Co r n 
Oa t s 
8oy bean s 

){it r og e n (N) 
Ph ospho r u s ( P 2O,) 
Potass ium (K,O) 

F eed a nd gra in: 
Co rn 
Oa t s 
Soy bean s 

Soy bean oilmeal 
H og s upple m ent ( 40 % ) 
L ay ing n1ash 

Lives t ock a nd lives t ock produ c t s : 

U n it 

bu. 
bu . 
bu. 

lb. 
lb. 
lb . 

b u . 
bu. 
bu . 

c,v t. 
c ,vt. 
c wt. 

Good-cho ice calv es (dr ylot) e wt. 
Good-choi ce ca lve :; ( pas ture) e wt. 
G ood -c h oi ce ca l ves (de fe rred -f e d ) c wt. 

Good -choi c e yearlings (dr y lot) c wt. 
Good-choi ce y ear lin g s (pas tu r e ) c wt. 
M e clium yea rlings (d r y lo t) c wt. 

Bee f co w c wt. 
C ull beef cow cwt. 
Ca l f r a ised from be f co w h e rd c wL 

Purc hase 
p ri ce 

($) 

11. 50 
1.00 
4. 30 

0.1 5 
0.11 
0.0 6 

1.30 
0.63 

4.4 2 
5 .30 
4. l 2 

1 9. 79 
19. 79 
19.79 

1 8.8 5 
1 8.85 
15. 21 

16. 03 

S e lling 
price 

( ) 

1. 20 
0.63 
t . 20 

21.91 t 
22 .l 0 t 
22. ,18 t 

22.l0t 
2J.9lt 
1 .49 t 

12.47 
19. 79t 

Sow s c wt. 15 .8 4 14 .61 
Marc h- marke t h og s 
Ap ril - marke t hogs 

Oc tobe r - m a r ke t h og s 
E g g s 
F a rm c hic ke ns 
Broi le rs 

c wt. 1 8.00 
c wt. 1 . 00 

cwt. 1 8.00 
cloz. 0.28 
l b. 0 .14 
l b . 0.22 

----------- -----------
* A.II pr ices bas d on ahove•average rnanagement a nd improved 

t echniqu e s. 

t S e llin g prices a r e $1.2 5 lower p e r hund r edw eight und e r av e r ­
a g e ma nage n,ent and c urrent t e ch nology. 

t Se llin g pr ice is $1.50 pe r hundredw eight lowe r unde r av er ­
a g e manage m e n t a ncl curr e n t t echnolog y . 

lined in equation (2) where X 1 is initially a column 
vector of disposal activities (i.e., so that the plan 
does not force use of every unit of labor or other 
resources), X2 is a column vector of crop and live­
stock enterprises, P 1 is an identity matrix, P2 is 
a matrix of the input-output coefficients explained 
earlier and R is a column vector of resource re­
strictions described above. (In successive itera­
tions, however, X1 * includes activities at levels 
greater than zero which are included in feasible 
plans while X 2* includes activities which are zero 
level, but which can be brought into the plan to 
increase profits.) Since c ' can be partitioned into 
c ' 1 and c ' 2 and since X1 can be expressed as a func­
tion of X2 as in equation (3), profit maximization 
can be expressed as in equation ( 4), by substitu-

(3) X, = P,-1R - P, -1P ,X, 

tion of eq uation (3) into equation (1). The matrix 
c ·~ -c ' 1P1 - 1P 2 then is used as a basis for select­
ing enterprises to include in the plan, with each 

(4) profit = f (X) = c,' P,-1R + (c,' - c,' P ,-1 P 2 ) X 2 

incoming activity increased to the limits of re­
source restrictions. This procedure is continued 
until all elements in the c· 2-C 0 1P1- 1P 2 matrix 
are negative, denoting maximum profits. Obvi­
ously, then, profits are limited in terms of the 
magnitude of the elements in Rand P 2 ; the figures 
on following pages should be interpreted accord­
ingly. 



PROFIT-MAXIMIZING PLANS FOR 
VARIOUS FARM SIZES 

This section is devoted to a discussion of maxi­
mum-profit plans fe r each of the situations studied 
for 80-, 160- and 240-acre farms. Two set s of 
plans are shown for each farm size : The first set 
of plans presents the r esults where current tech­
nology or practices and average managerial abil­
ity are used for various capital levels . The sec­
ond set of plans presents the results for various 
levels of operating capital where improved produc­
tion techniques are used. Several comparisons 
then can be made from these two sets of plans. 
From the first set of plans it is possible to ap­
praise the income effects of increasing capital 
availability, given current techniques. Compari­
son of incomes from the two set s of plans, at each 
capital level, provides estimates of increases in 
income possible from closing the "technological 
g i p," i.e., from using improved techniques with 
capital held constant. F inally, the combined ef­
fects of increasing capital availability and improv­
ing techniques used by farmers can be estimated 
by comparing incomes under high capital levels and 
improved techniques with incomes from lower capi­
t al levels and currently used techniques. 

PnoFlT-MAXLMJZlNG PLANS FO H 80-AcHE FAHMS 

Table 10 presents the farm plans and incomes 
at two capital levels for an 80-acre farm operated 
with currently accepted production techniques and 
average management. The plan for a capital level 
of $4,200 will be referred to as the "benchmark" 
situation for the 80-acre farm size. It will be used 
in comparison of incomes from other capital levels, 
farming practices and employment opportunities. 

Net income for the benchmark situation (p:irt 
1, table 10) is -$139. This negative income is 
probably lower than the net incomes realized on 
some 80-acre farms in the area with only $4,200 
in operating capital; it may be higher than in­
comes on others. However, most 80-acre farmers 
in the area probably use considerably more than 
$4,200 in operating capital. Obviously, production 
cannot continue long if returns are consistently 
negative. In practice, some farmers probably re­
duce fixed costs sufficient ly to avoid a negative r e-

t urn. Others, as census data show, abandon farm­
ing. To reduce fixed costs, the farmer might use 
older machinery, p ire harvesting done on a custom 
basis, own machmery jointly, etc. At any rate, 
t he res ulting farm income indicates that, in the 
soil area studied, the operation of an 80-acre farm 
with average management and only $4,200 in op­
erating capital is little better than a "break-even" 
proposition. 

Small acreages of corn and oats, along with 
relatively low yie lds attained under current prac­
tices, result in a low feed grain supply on the 80-
acre farm. Therefore, hog production, wh ich re­
quires large quantities of feed grain, is not under­
taken at the benchmark capital level (see part 1, 
table 10) .11 Deferred-fed calves and beef cows 
are more profitable than hogs because they have 
high er returns per bushel of feed grain and utilize 
permanent pasture which would otherwise go un­
used. However, when capital is made nonlimita­
tional (part 2, table 10) , hogs are included. With 
greater capital, corn can be purchased for hog 
production. Hay also becomes limitational at the 
higher capital level, causing calves fed on pasture, 
which have a high return on forage, to replace 
beef cows in the program. Many farmers limited 
to the operating capital of t he benchmark sit uation 
would, because of risk considerations, choose to 
raise hogs rather than feed cattle. However , the 
purpose of this study is to estimate the most 
profitabl e plan which farmers might adopt, for 
particular resource sit uations, rather than to pre­
dict what they might do to meet r isk preferences 
or related conditions. 

Unlike t he plans in table 10, those in table 11 
are no longer restricted to the current practices 
and cropping pattern of the area. Plans now use 
improved production techniques (i.e., an above­
average level of management) . These plans are 
computed for six levels of operating capital-rang­
ing from 50 percent less than the benchmark capi­
tal level to a nonlimitational capital level. In the 
plans for improved techniques, corn acreage gen­
erally is larger than under the techniques cur­
rently in use. This is true because the improved 

ll 'This finding is not ~u r pri sing, since, in one Clar ke County 
township studied inten sively, 13 of 29 80-acr e farmers raised 
no hogs in 1954 while 9 others r aised five Ii tters o r less. 

T ABLE 10. PLANS FOR AN SO-ACRE F ARM, ASSUMING CURREN T TECHNIQUES AND AVERAGE MA NAG 1~1\.IENT. 

Operatin g capi tal 

(1) Ben chma rk 
capi ta l = $ 4,200 

(2 ) Nonl .imitational 
capi tal = $10,7 38 

Optimum combina ti o n s of e n terp rises 

" Typi ca l" cropping plan• Lives tock 

Cr ops 

Corn 
Oats 
Hayt 
P erma n e nt pasture 

Corn 
Oats 
H ayt 
Pennane nt pastu re 

Acr es 'I'ype N um ber 

1 Deferred-fed calves 14 head 
8 Beef cows 9 head 

37 
17 

18 Deferr ed-fed ca l ves 26 h ead 
8 Calves o n pas ture 10 h ead 

37 2-litte r h og system 11 litte r s 
17 

• Proportions of various c rops an d y ie ld s from Iowa Farm Cen s u s data for 19 49-53 . 

Corn 1rnrchased Limiti ng 
o r sold r esources 

Net 
incomet 

17 bu . pu rchased · Land -$139 
Capital 
Cattle space 
Feed g ra in 

2,387 bu. purc hased Land $836 
H og space 
Cattl e space 
Feed g rai n 
Ha,· 

t Net incom e= gross fa rm in come - (va ri ab le cos t s + taxes + in s ura nce + bui lding r epairs + dep r eciation o n machinery + de­
preciation on buildi n gs). 

t Includes r otation pasture. 
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TABLE 11. OPTIMUM PLA NS FOR AN SO-ACRE F ARM , ASSUMING IMPROVED TECHNIQUES AND ABOVE-AVERAGE MANAGEMENT . 

Operating capital 

(1) 50 % less than ben c hmark 
capital = $2,100 

(2) 25 % less t h a n be n chm a rk 
capita l = $ 3,150 

(3) .Be nchmark capital $4,200 

( 4) 

'. 5) 

(6) 

25 % greater t h a n benchmark 
capita·, = $5,250 

50 % grea ter than be nc h mar k 
capita l = $6,300 

Nonl imi ta t ion a l 
capi tal = $9 ,292 

Soil 
c lass 

I 
JI 

III 

I 
II 

III 

I 
II 

III 
III 

I 
II 

HI 

I 
II 

III 

I 
II 
II 

III 

Optimum com binations o f ente rpriseH 

Cr opp ing plan Crop a c reage L ives toc k 

Rotation Acres Crop 

CCSb, 13 
CSbCOM, 28 
Cropla nd r ented outt 22 
Permanent pasture 17 

CCSbz 13 
CSbCOM, 28 
Cr opland rented outt 22 
Perman e nt pasture 17 

CCSb, 13 
CSbCOM2 28 
COM, 15 
Cropla nd r e n ted o u t t 7 
Permanent pasture 17 

CCSb 2 
CSbCOM, 
COM 2 
P erman ent pas t ure 

CCSb, 
CSbCOM, 
COM, 
Permanent pasture 

CCS b, 
CCOMM, 
CSbCOMz 
COM 2 
Perman e n t pastur e 

1~ 
28 
22 
17 

13 
28 
22 
17 

13 
20 

8 
22 
17 

Co rn 
Soybean s 
Oats 
Hayt 

Corn 
Soybean s 
Oats 
Hay t 

Co rn 
Soybeans 
Oats 
Hay t 

Corn 
Soybeans 
Oats 
Hay t 

Corn 
Soybea ns 
Oats 
Hayt 

Co r n 
Soybeans 
Oats 
H avt 

A cr e~ T ype Numbe r 

20 2- litte r 
10 hog sys te m 

6 
6 

20 2- li tte r 
10 hog svstem 

6 
6 Sn ring litte r 

hog s y s te m 

D efer red-fed 
ca l ves 

25 SprinP- litter 
10 hog system 
11 
11 Defer r ed-fed 

27 
10 
13 
13 

27 
10 
13 
13 

27 
6 

13 
17 

calves 

Soring li tter 
hog system 

D e f e rred-fed 
ca lv e s 

Ca lves o n 
pastu re 

Spring litter 
hog system 

Deferred-f ed 
calv es 

Cal ves on 
pasture 

2-litter 
hog sys te m 

Calves o n 
pasture 

Poul t r y 

9 litte rs 

1 litte r 

9 l itte r s 

7 h ead 

10 li tte r s 

13 h ead 

10 litters 

11 head 

8 h ead 

10 litters 

2 head 

23 h ead 

12 li tte r s 

36 h ead 

105 hen s 

Corn 
p urchased 

or s o ld 

355 bu. sold 

None 

None 

13 8 b u . 
purcha~ed 

413 b u . 
purc h ased 

1.375 b4. 
pu r chased 

Limiting 
resources 

Soi ls I. II 
Cap ital 

Soils I. II 
Ca pital 
Hog s pace 
F eed grain 

Soi ls I. II 
Ca pital 
Hog s pace 
Feed grai n 

So il s I, II, III 
Ca p ital 
Hog s pace 
Feed gra in 
Ha.,· 

Soil s I. II, III 
Capital 
Hog space 
F eed grain 
Hay 

Soils I, II, III 
Hog space 
Cattl e space 
Poultry s pace 
Feed g ra in 
Hay 

• N e t incom e = gross fa rm inco m e - ( variable costs + taxes + in s u ran ce + bu il ding r e pairs + d e prec iati o n on machinery + dep reciat io n o n buildings ) . 

t Cropland rented out at $6 per ac r e. 

: I n c ludes rotation pasture. 

N et 
in com e * 

$ 591 

$1,178 

$1,53 6 

$1, 803 

$1..991 

$2,:J49 



techniques rely more heavily on mechanical ero­
sion-control practices . Terracing and contouring 
are used with heavier grain rotations, rather than 
dependence largely on grasses and forage in the 
rotation to control soil loss. 

In the optimum plan for $2,100 of operating 
capital (50 percent less than the benchmark capi­
tal level, table 11) , the severe capital limitation 
overshadows all other restricting resources. There­
fore, the optimum cropping plan and livestock pro­
gram are selected on the basis of greatest r eturn 
per dollar of operating capital. Accordingly, soil 
classes I and II are planted to COSb1 and CSbCOM2 
rotations, respectively, while soil class III (the 
least productive land) is rented out at $6 per acre. 
Some farmers, however, would be likely to in­
crease profits by spreading their limited capital 
over the entire crop acreage, rather than farming 
the I and II soils intensively while renting out 
land in soil class III. That is, combination of the 
same quantity of capital with a larger acreage 
may increase returns to capital. This possibility 
should be recognized in interpreting all plans show­
ing land in soil class III as "rented out." The 2-
litter hog enterprise enters the optimum plan with 
limited capital for the reason stated above : It 
gives higher returns to capital than other live­
stock enterpr ises. 

Many farmers with small acreages would not in­
corporate two rotations into a single plan (as 
shown in part 1, table 11). However, as the plan 
indicates, the most productive soil ( class I) should 
be planted intensively to grain, while soil class II 
should be cropped heavily, but not as intensively 
as soil class I. In actuality, many f armers prob­
ably accept some sacrifice in profit and plant an 
acreage of each crop consistent with "practical" 
farm operations. The total acreages of each crop 
shown in the tables ser ve as a guide in such de­
cisions. The "high" (second) rate of fertiliza­
tion used on all class I and II soils, indicates that 
capital invested in fertilizer has high value pro­
ductivity. 

As capital is increased, t he optimum plans of 
table 11 undergo continuous change. At the $3,-
150 level of operating capital (part 2, table 11) 
the hog program shifts to the spring-litter enter­
prise, which makes more efficient use of the limited 
feed grain supply than the 2-litter system. Hog 
space limits the enterprise, thus releasing capital 
to be used for deferred-fed calves. Only when a 
benchmark amount of capital is available does the 
above-average manager using improved practices 
maximize profits by including class III soils in ro­
tation. With less capital, his resources bring maxi­
mum returns from rotations and fertilization on 
class I and II soils and from livestock production. 
However, some farmers may maximize profits by 
utilizing capital less intensively and by farming 
the entire acreage. As operating capital is in­
creased above the benchmark level, pasture-fed 
calves gradually replace deferred-fed calves be­
cause the former have lower requirements for the 
now limiting hay supply and give comparatively 

high returns on other limited resources. All crop 
land is cultivated and heavily ferti lized at the 
higher capital levels; however, corn must be pur­
chased for the large livestock programs. 

It is possible, of course, to organize highly in­
tensive enterprises on an 80-acre farm, and in­
comes might be changed accordingly. The ent ire 
acreage might be organized as a feedlot for rais­
ing hogs or feeding cattle; it might be used in­
tensively in broiler or turkey production. How­
ever, the plans of this study include only those 
enterprises which are consistent with the soil and 
labor resources of farms in the area studied . 
Hence, plans cannot exceed the labor and forage 
supplies of the farm. While some farms can ex­
pand beyond these limits, not all can do so. Too, 
development of h ighly intensive, specialized farms 
does not appear in widespread prospect for south­
ern Iowa. 

EFFECTS OF CHANGES IN CAPITAL WITH 

MANAGEMENT AND TECHNOLOGY CONSTANT 

Several types of useful comparisons can be made 
from the results in tables 10 and 11. Starting 
from the 80-acre benchmark situation in part 1, 
table 10 (i.e., an average manager using a bench­
mark amount of capital and current techniques), 
the following question may be asked: What are 
the opportunities for increasing farm income 
through the efforts of credit agencies and educa­
tional programs operating individually or jointly? 

Table 10 indicates the income changes possible 
from increasing operating capital alone. Thus, ar. 
80-acre farmer, with the other resource restric­
tions mentioned earlier, might use a maximum of 
$10,738 in operating capital-an increase of $6,538 
from the benchmark situation.12 At the same 
t ime, income changes from -$139 to $836, an in­
crease of $975 and a return of about 15 percent 
on additional capital employed. However, no 
change occurs in the cropping pattern or crop and 
livestock practices. The increased income is due 
alone to expansion of livestock volume through 
purchase of additional grain. Rather than pur­
chase all of the additional grain, some farmers 
would likely increase grain production through 
shifts in the cropping plan. In particular, they 
would probably use heavier fertilizer applications. 
Previous studies suggest that, at moderate capital 
levels, investment in ferti lizer has relatively high 
productivity. Thus, inclusion of other cropping 
and fertilization alternatives would likely result in 
even further income increases from a given in­
crease in operating capital. 

EFFECTS OF CHANGES IN CAPLTAL AND EDUCATION 

OH TECHNIQUES 

As demonstrated in the previous discussion, an 

12 R emov al o f la bo r and oth e r r estrictions migh t a llow p r ofi t­
abl e use o f n1ore capi ta l. H ov,ever, fa n n pla ns ,vere de­
rived on ly fo r situation s which appeared to be co n s isten t 
with th e qua ntiti es of r esour ces con t r olled by farme r s in the 
area. 
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increase in capital alone by $6,538 increases in­
come by $975 (part 1 compared with part 2, table 
10) where techniques are assumed constant. Esti­
mates are also possible of the extent to which in­
come on an 80-acre farm might be increased by 
use of education and the same or increased quan­
tities of capital. With capital held constant at 
$4,200, use of improved techniques, which may be 
brought about through education, raises income 
from -$139 to $1,536, an increase of $1,675 (com­
pare part 1, table 10 and part 3, table 11). If 
capital and techniques are increased together 
(part 1 of table 10 compared with part 6 of table 
11), income increases by $2,488. Hence, capital 
and technical information or managerial ability 
are technical complements: The increase in income 
through use of better techniques and more capital 
is greater than the increases due to either alone. 

These results indicate the need for integrated 
educational and credit programs. Through educa­
tion (i.e., improved techniques) alone for the 
benchmark capital level of $4,200, income can be 
increased by only about two-thirds as much ::-,s 
when more capital is used with improved tech­
niques . Adding capital alone, up to the limits of 
other restrictions, adds only one-third as much to 
income, compared with use of improved techniques 
along with additional capital. Hence, opportuni­
ties exist for credit agencies and educational pro­
grams together to substantially increase income 
on farms in the Shelby-Grundy-Haig soil area. 
Subsequent analysis investigates similar oppor­
tunities for increasing incomes on 160- and 210-
acre farms. 

PnoFIT-MAx1M1z1NG PLANS FOB 1-6O-AcnE F ABMS 

Table 12 summarizes plans for a 160-acre farm 
at two capital levels, assuming current techniques 
and average management. The plan in part 1 of 
table 12 hereafter is called the 160-acre bench­
mark situation. As with only 80 acres, a feed 
grain shortage allows beef enterprises to out­
compete hog enterprises when capital is at the 
benchmark level. It should be remembered that 
the plan shown is the one of maximum profits for 
benchmark capital. Many farmers might raise 
hogs, a less risky enterprise, in preference to 

cattle feeding. When capital is made nonlimita­
tional ($19,117 capital , part 2 of table 12), a 2-
litter hog system enters the optimum plan. De­
ferred-fed calves :form an important part of the 
livestock plan at both capital levels. At the upper 
capital level, however, calves fed on pasture re­
place beef cows because the former are more ef­
ficient utilizers of the limited hay supply. This 
shift also was observed when capital was increased 
in the 80-acre situation (table 10). Poultry enter 
the plan with nonlimitational capital because ex­
oansion of hog and beef enterprises is halted by 
building space restrictions. 

Table 13 shows the profit-maximizing farm 
plans at various capital levels for a 160-acre farm 
operated under above-average management and 
using improved technology; these plans are quite 
similar to those of table 11 for an 80-acre farm 
operated under similar conditions. For example, 
at the lowest capital level, class III soils become 
underutilized (i.e., actually rented out at $6 per 
acre). Hogs and deferred-fed calves are included 
because they make more efficient use of limited 
capital than crops grown on soil class III. The 
cropping plan of CCSb2 and CSbCOM2 on class I 
and II soils, respectively, is optimum for both farm 
sizes because it brings high returns on all re­
sources, particularly capital. 

When capital is increased to $6,300 and beyond 
(table 13) larger beef cattle enterprises require 
more hay. Thus, the high-forage COM2 rotation 
is cultivated on class III soils and, at higher capi­
tal levels, increases in acreage with the size of the 
beef cattle program. At the two highest capital 
levels (parts 5 and 6 of table 13), expansion of the 
beef cattle program requires even more forage, 
and the hay acreage increases for each succeeding 
plan in table 13. Since all land is cultivated at 
high capital levels, additional hay must be ob­
tained by shifting to high-forage rotations in the 
cropping plan. Therefore, the CCOM2 rotation re­
places CSbCOM2 on class II soils at the $12,600 
capital level; with nonlimitational capital, soil 
classes I and II are shifted toward high-forage ro­
tations. Calves fed on pasture replace deferred­
fed calves as the major beef cattle enterprise at 
high capital levels because they give higher re­
turns per ton of forage consumed. Corn must be 

T ABLE 1 2. P L ANS FOR A 16 0-ACR E FARM. A SS U MIN G C;JRRENT TECHNIQUE S AND AV ERAGE -r-I ANAGE:\IENT. 

Operati n g capital 

(1) Ben chma r k 
cap i tal = $8,400 

(2) Non l im i tationa l 
capita l = $ 19,11 7 

Optim um co m b ina ti o n s o f e nte rprises 

" T ypica l" cropping pla n • 

C r op s 

Corn 
Oats 
Hayt 
Permane n t pas ture 

Corn 
Oat s 
H ayt 
Perma n e nt pas ture 

Acr es 

35 
16 
75 
34 

· 35 
16 
75 
34 

Livest ock 

T y p e Numbe r 

D e f e rred-fed calves 27 h ead 

Beef cow h e rd 1 8 h ead 

D e f e rred -fed cal ves 41 h ead 

Calves on pas ture 41 h ead 

2-litte r hog system 14 litte r s 

Poultry 1 05 h e n s 

• Proporti on s o f variou s crops a nd ? i e lds fr om I ow a F a rm Cen s u s da ta fo r 19 49 -5 3. 

Co rn 
pu r chased 

o r sold 

No ne 

4,419 b u . p u rch ased 

L im i ting 
r esources 

:-Jet 
inco n,et 

L a nd $ 571 
Capi tal 
F eed gra in 

Lan d 2.340 
Hog space 
Ca t tle space 
Poul t r y space 
Feed grain 
Hay 

t Net incom e = g r oss far m incom e - (varia ble cos t s + tax es + ins ura n ce + b uildin g repairs + d ep r ec iation on mach inery + de­
pr eciation on b uildings). 

t Includes rotation pasture. 
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purchased to support the large livestock program 
obtained at the high capital level in table 13. 

EFFECTS OF CHANGES IN CAPITAL W ITH 

MANAGEMENT AN D TE CHNOLOGY CONSTANT 

Table 12 illustrates possible increases in income 
from use of more capital on 160-acre farms of the 
area. With an increase m operating capital to 
$19,117, the additional $10,717 has a return of 16.5 
percent. This calculation ignores the fact that 
other r esource inputs may be increased and also 
contribute to added income. If these other re­
sources, particularly labor, have no alternative 
uses (i.e ., a zero opportuni ty cost) , then increased 
income is made possible only through use of more 
capital. Situations are discussed later where labor 
has profitable off-farm alternatives. 

EFFECTS OF C. HANGES IN CAP ITAL AND EDU CATION 

0 11 TECHN IQU ES 

Referring to the 160-acre benchmark situation 
(part 1, table 12) the question may be asked : To 
what extent can educational programs contribut e 
toward greater farm income? Part 3 of t able 13 
shows that with operating capital remaining at 
the benchmark level of $8,400, above-average man­
agement and adopt ion of new practices are esti­
mated to raise income by $3,096 (i.e., to $3,667). 
Of course, a farmer cannot instantaneously change 
from an average to an above-average manager; 
both ability and desire are required for a success­
fu l transit ion . However, the figures indicat e the 
possibili t ies for increasing incomes through edu­
cational work, for persons who have the qualifica­
tions for making the transit ion . Even gre 3. ter in­
come gains might be made by the benchmark 
farmer who secures additional capital and, in ad­
dition, makes use of educational opportunities af­
forded him. For example, in comparing part 1 in 
table 12 with part 6 in table 13, income increases 
by $4,444. This difference again indicates that 
capital and educational inputs can be complemen­
tary. Added capital is much more productive if it 
takes the form of improved techniques. This com­
parison ass umes that, as capital is added (from 
part 1 of table 12 to part 6 of table 13), previous 
investment also is shifted to improved techniques. 

The plans of table 13 and table 11 show the 
optimum farm organization for particular 160-
and 80-acre farm situations studied . They include 
cattle feeding to make the most efficient use of 
labor and forage resources and suppose that the 
farmer is able to withstand frequent r isks inher­
ent in this type of operation . Some farmers would 
be reluctant to shoulder this amount of risk and 
would be financially unable t o do so if large 
amounts of capital were to be borrowed. How­
ever, the purpose of this study is to provide, given 
typical r esource restrictions, income expectations 
from the best possible farm plan. These incomes 
then might be compared with incomes from non­
farm employment opportunities. 
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Finally, it should be remembered that the in­
come figures of table 13 do not include a debit for 
int erest paid on borrowed capital. If $20,000 were 
borrowed at 5 percent interest for real estat e and 
working capital under part 6 of table 13, income 
would be decreased by $1 ,000. Many farmers have 
such int erest payments, and income would be re­
duced accordingly, even under the optimum plans. 

PHOFIT-1\IA.,\'. IM IZI NG PLANS FOH 2 -10-ACRE FAHMS 

Table 14 presents the farm plans and income for 
a 240-acre farm, assuming t echniques current ly 
used and average manager ial ability. Restrictions 
parallel those for the 80- and 160-acre sit uations 
of tables 10 and 12, except that operating capital 
and building space are increased corr esponding 
with farm size. The benchmark plan for t he 240-
acre farm (part 1, table 14) is similar t o the plans 
for the 80- and 160-acre benchmark sit uat ions 
(par ts 1, in t ables 10 and 12) . The same beef 
cattle enterprises enter the plan, but on a larger 
scale because they use forage while making the 
most efficient use of the limited feed grain supply 
(as compared with hogs which use little forage ) . 
However, when capital is nonlimitational (part 2, 
table 14) corn is purchased, and 16 litters of pigs 
are included in the plan. Spr ing pigs outcompet e 
the 2-litter hog enterprise in this plan because 
t he former require less of the limiting fall labor 
supply. Sufficien t cJrJital is available to expand 
beef cattle production to the limits of building 
space. Calves fed on past ure replace beef cows in 
this plan because they give h ighest returns for 
limited building space. 

Table 15 summarizes the optimum farm organi­
zations for various capital levels under improved 
t echniques and above-average management. These 
plans are not discussed in detail because their pat ­
tern is similar to those for the 80- and 160-acre 
sit uations (see t ables 11 and 13). The principal 
difference is this : Labor r est rictions for a 240-
acre farm play a more important role in det ermin­
ing the final organization and account for the com­
plex cropping plans which appear in table 15. In 
practice, the farmer following these plans would 
probably attempt to plant acreages of each crop 
consist ent with those shown rather than exactly 
fo llowing the r otation scheme presented. 

Modification of the farm plans presented in 
tables 11, 13 and 15 might be made in view of r isk 
and uncertainty considerations. For example, con­
siderable r isk is associated with the large beef­
feeding enterprises shown for high capital levels. 
While these beef enterprises are considered quite 
safe r elat ive to feeding heavy cattle, they normally 
embody more risk th an production of dairy cattle, 
hogs and crops. Thus, some farmers might prefer 
to incor porate risk precautions, in the form of di­
versification and/ or low risk enterprises, into their 
plans . Here again, the interest payments on any 
capital which might be borrowed have not been 
subtracted in computing the income figures of 
tables 14 and 15. 
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EFFE CTS OF CHA ' GES IN CAPITAL WITH 

MANAGEMENT AND TE CHNOLOGY CONSTANT 

Table 14 shows that the income of a 240-acre 
farm might be doubled if operating capital were 
made a nonrestricting resource, starting from t he 
benchmark level of $12,600. As farm size is in­
creased from 80 to 160 t o 240 acres, a smaller 
percentage increase in farm income occurs as oper­
ating capital is increased from the benchmark t o 
the nonlimitational level in each case. However, 
the additional r eturn per doll ar of addit ional oper­
ating capit al used remains relatively constant for 
the three farm sizes. St ar t ing from the various 
benchmark situa tions, increases in income through 
use of mor e capital alone require sizable purchases 
of corn. Some far mers might restrict purchase of 
corn and the livestock plan accordingly as a risk 
considera tion. This procedure would result in 
sacrifices in income since the plans shown maxi­
mize incomes, given the current cropping system 
and resource r estrict ions. 

EFFECT S OF CHANGES IN CAP ITAL AND E OUCAT!ON 

OR TECH N IQU ES 

Through use of improved techniques and greater 
manager ial ability, the 240-acre farmer can in­
crease income from approximat ely $1,633 to $6,087 
(compare part 1, t able 14 and part 3, t able 15). 
F or all three farm sizes, improved management 
and techniques, with operating capital held con­
stant, r esult in sizable income increases . It should 
be r ecognized, however, that the form of oper­
ating capital used is often changed with the 
adoption of improved techniques. Many new prac­
tices r equire no more capital than cur rently used 
pract ices. As examples, new seed varieties and 
improved livest ock rations require little, if any, 
increase in expenditure. Improved low-cost prac­
tices, along with greater managerial ability. ac­
count for the increases in incomes shown. Too, 
resources other than capital ar e more fully utilized 
under situations of improved technology and above­
average management. 

Use of improved t echniques, if accompanied by 
incr eased capital, may increase income to $7,252 
(part 6, t able 15). Additional profits are limited 
by labor r estrictions fo r crops and livestock. 
Many farmers undoubt edly possess the operating 
capital and managerial ability to profi tably employ 
hired labor . Returns on additional part-time hired 
labor in restrictive months may be exceptionally 
high. Some 240-acre farmers might maximize in­
come by hiring labor year-around and greatly- in­
t ensifying the livestock program. Such plans, 
however, involve high r isk. Since emphasis in 
this study is on comparative returns from only 
a family labor supply, sit uations using hired labor 
are not employed. 

The preceding results show that farmers in the 
benchmark sit uations increase incomes through 
joint utilization of more capital and improved 
t echnology. Ordinarily, however, farmers can ob­
t ain funds from lending agencies only in amounts 
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(1) 

( 2) 

(3) 

( 4) 

(5) 

(6) 

TABLE 14 . PLANS FOR A 240-ACRE FAR\'I , ASSUMING CURRENT TECHNIQUES .-\:-JD AVERAGE :VIANAGEMENT . 

Optimum co mbi nation s o f e n t e r pr ises 
Co rn Limiting N e t O pe ra t in g cap i ta l T,.- pi cal c r opping p la n • Livestock purc hased resources inco met o r so ld 

Cr ops Acres Type Numbe r 

( l ) Be n chma rk Corn 53 Defe rred-f ed ca l ves 41 head No n~ La n d $1.63 3 
capital = $12,600 Oats 24 Capital 

Hayt 113 Beef co w herd 28 head F eed g rain 
Pern1an ent pastu r e 50 

(2 ) :-Jon limitational Corn 53 D ef erred-fed cal ves 4;; head 5,056 bu. Land $3,479 
capita l = $24,2 87 Oats 24 purc has ed H og- space 

H ayt 113 Cal ves o n pastu r e 66 head Cattl e s pace 
Per man e nt pasture 50 F e ed grain 

Spring hog system 16 litte r s Sept.-Oct.-
N ov. labor 

•· P r oportions of va r ious crops a n d y ields from Iowa Far m Cen s us data fo r 1949-5 3. 
t N e t i nco m e = gross farm inco m e - (variable cos ts + taxes + in ~uran ce + bu ilding r epairs + d e p reciation o n m achine r y + de­

p r ec iat ion o n bu il dings ). 
t Inc ludes rotat ion pasture. ,;;~ .I 

TABLE 15. OP'I'IMUM PLANS FOR A 240-ACR E FARM, ASSUMING I MP R OVED TECH:-JIQUES AND ABOVE-AVERAGE :VIANAGEMENT. 

Ope r at ing cap i ta l 
Soil 

c lass 

50% less than ben chma r k I 
capital = $6,300 II 

III 

25 % less t ha n be n c h mark I 
capital = $9 ,450 II 

III 
III 

Benchma r k cap ital - $12,600 I 
II 

III 

25 % greater th a n ben c hma r k I 
cap ita l = $15,750 IT 

IJI 

50 % g r eate r t h a n be nchmark r 
capital = $18,900 II 

II 
III 

Non limitation al I 
capital = $20 ,669 I 

I 
II 

III 

Opti mu m combinat io ns of ente r pri ses 

Cr oppi n g p la n Crop ac reage Livestock 

Rotation Ac r ~s C rop 

CCSb2 40 
CSbCOM2 83 
Cr op la nd r e nted outt 67 
Per man e n t pastu r e 50 

CCSb2 40 
CSbCOM, 83 
COM, 11 
Cr op land r ented out t 56 
Pe r m a n e nt pasture 50 

CCSb, 40 
CCOMM 2 83 
COM 2 67 
Perma n e n t pasture 50 

CCSb, 40 
C.CQMM, 83 
COM, 67 
Permane n t pasture 50 

CCSb, 40 
CCOM :\-l , 77 
CSbCO:1 1, 6 
COM2 67 
Pern, a ne n t pas tu re 50 

CCSb, 5 
CSbCO:\J, 28 
cc01vr, 7 
CCO:IDJ, 83 
COJ\12 67 
Perman e n t pas t ure 50 

Corn 
Soybeans 
Oats 
Ha,·t 

Co rn 
Soybeans 
Oat:-; 
Ha.--t 

Co rn 
Soybeans 
Oa ts 
H ayt 

Co rn 
Soybeans 
Oats 
Ha,·t 

Co r n 
Soybean~ 
Oats 
H ayt 

Co rn 
Sovbeans 
Oats 
H a,·t 

Ac res T,·pe >lu m be r 

61 2-l itte r hog system 18 litte r s 
30 
16 Defe rred-fed ca l ves 10 h ead 
16 

64 2-l itte r hog system 18 l itte r s 
30 
20 Deferred-fed ca lves 34 h ead 
20 

82 2-l itte r hog sys t e m 18 l i tte r s 
14 
39 Deferred-fed calves 51 h ead 
55 

82 2-li tte r hog system 18 litte r s 
14 
39 Defe r red-fed ca lves 18 h ead 
53 

Ca l ves o n pasture 57 h ead 

82 2-1 i tter hog s,·ste m 4 Ji tters 
15 
39 Defe n ed-fed ca l ves 31 h ead 
]i.4 

~n ring hog syste m 11 li tte r s 

Cah·e s Oil pas tu re 64 h ead 

7• Sprin g hog system 13 litte r s 
7 

46 De f e rred -fed calves 34 h ead 
63 

Ca l ves on pasture 70 h ead 

Corn 
purc hased 

o r so ld 
Limit ing­
resources 

1.568 bu. so ld Soi ls I. II 
- Capita l 

H og- s pace 

518 bu. so ld 

77 2 bu. sold 

282 b u . 
purchased 

929 bu. 
pu rc hased 

1.51 7 I,u. 
pu1Tha::;ecl 

So ils I. n 
Ca pita l 
H og s pac~ 
H a)· 

Soils I , II , HI 
Cap ital 
H og space 
H a,· 

Soils I. II. II[ 
Capital 
Hog- space 
~ 11av-Jun e labor 
Feed g rai n 
1-Ja,· 

Soils r, TT , Tl[ 
Ca pi tal 
Hog space 
~la ,·-June htbor 
Se pt.-Oct.-:-Jov. 

labor 
F eed g ra in 
H a\· 

Soi l s I, II. III 
;\!fay-June labor 
Ju ly-1\u !!'. labor 
Sept.-Oct. -Nov. 

labor 
Hog- s pace 
F eed g ra in 
Fla~· 

• N e t income = gross fa rm income - (var iab le costs + taxes + in s ura nce + building r epairs + d e p r ec iation o n machi n ery + deprec iation o n bui ldings). 
6 t Cr opland rented out at $6 per ac r e. 
-:i t Inclu des rotation pasture. 

N e t 
incom e * 

$3 ,612 

$5.146 

$6,08 7 

16.929 

$7 ,231 

$7 ,252 



commensurate with the security offered. Farmers 
lacking the required security are forced to adopt 
only "noncapital using" improvements in tech­
niques, even though returns on additional capital 
would be high. Reluctance by credit agencies to 
base loans on potential productivity, rather than 
on security, has recently diminished in some areas. 
Still, many farmers with high potential returns 
cannot obtain sufficient capital. Thus, the bench­
mark farmer may be restricted to adoption of 
proven low-cost techniques as immediate means 
of raising income. With capital accumulation, ad­
ditional funds may be obtained, resulting in fur­
ther income increases. A few farmers may refuse 
to borrow capital-even though it is available­
for productive purposes because of uncertainty or 
community attitudes. Education may help in over­
coming such obstacles to improvements in the level 
of farm income. 

AGGREGATIVE IMPLICATIONS OF GREATER 
USE OF CAPITAL AND IMPROVED 

TECHNOLOGY 
The preceding results indicate that southern 

Iowa farm incomes can be increased through 
greater capital use, improved technology or both. 
Reorganization of southern Iowa farms along the 
lines indicated in this study would increase aggre­
gate farm output relatively little. However, wide­
spread adoption of new technology throughout the 
farm economy may increase output substantially. 
With an inelastic demand for farm products, total 
returns to the agricultural sector decrease with 
greater output. Hence, what is the justification 
for encouraging courses of action which would, if 
generally adopted, decrease aggregate farm in­
come? First, the information presented in this 
study is of importance for low income families in 
southern Iowa. An increase in the level of living 
for low income families is apparently desired by 
society. Second, society indicates a desire for eco­
nomic progress. Technological developments which 
allow the same or greater agricultural production 
from fewer resources contribute to economic 
progress by releasing other resources for pro­
duction of nonsubsistence goods. Thus, economic 
progress may result in lower returns to the farm 
sector of the economy. Recognition by society that 
one sector of the economy may suffer in the pro­
cess of general economic progress is evident from 
recent legislation designed to support farm in­
comes. A more comprehensive discussion of the 
role of agricultural research and education in eco­
nomic growth is presented elsewhere and will not 
be undertaken here.13 

OPTIMUM "FAMILY-SIZE" FARM IN THE 
SHELBY-GRUNDY-HAIG SOIL AREA 

Census data indicate that consolidation of farms 
into larger, more efficient units has been taking 

"See: Head,·, Earl 0. Adaptation of exte n s ion edu catio n and 
auxilia r y a id s to th e bas ic economic p robl e m s of ag ri c ul ture. 
Jour. Farm Econ . 39 :112-27 F e b. 1957. 

108 

place continuously for several decades. This sec­
tion is devoted to analysis of the optimum, or 
most profitable, farm size when plans are restricted 
to labor of the family alone. This restriction is 
used since most farms will, in the near future, be 
limited by the family labor supply. Too, com­
parison of farm and nonfarm income opportunities 
best apply to this group. Larger farms using 
hired labor are not uncommon in this area. Oper­
ators on these units generally have larger incomes 
than farmers restricted to the family labor supply 
and are less likely to be concerned with oppor­
tunities of shifting between occupations. Hence, 
in this section, land restrictions are lifted for 
160- and 240-acre farms . The optimum farm size 
when restricted only by family labor is then de­
termined. 

The method used for estimating the optimum, 
or most profitable, farm size for plans restricted 
to the family labor supply consists of assuming 
an owned farm of fixed size, then permitting 
farm size to expand through rental of additional 
land. Using the linear programming technique. 
additional land is permitted to be rented only if 
this is the most profitable use of limited labor 
and other resources. The two basic farm situations 
used in predicting the optimum farm size for a 
family labor supply are as follows: 

(1) The basic farm acreage (either 160 or 240 
acres) is owned and operated under above-aver­
age management and improved technology. Ad­
ditional land may be rented at $8.90 per acre; 
this land has the same proportions of soil classes 
I, II, III and permanent pasture land as the owned 
land. At the outset, the operator has a bench­
mark quantity of operating capital, but can bor­
row additional capital at 5 percent. The optimum 
farm plan is limited mainly by two resources: (a) 
operator and family labor and (b) livestock build­
ings available on the basic farm acreage (i.e., on 
the 160- or 240-acre farm) .14 

(2) This situation parallels that in (1) above, 
except that building space for livestock is non­
limitational. Thus, family labor forms the main 
restriction of farm size.15 

OPnMuM FARM S1zE vV1TH FAMILY LAsoR ANo 

BUILDING SPACE RESTHICTIONAL 

Linear programming was used in determining 
the optimum farm size (with either 160 acres or 
240 acres at the outset) given the restrictions of 
family labor and building space. Table 16 shows 
that, starting from an owner-operated 160-acre 
farm, the optimum farm size is 261 acres of crop­
land and permanent pasture, 101 acres of which 
are rented. In addition to the benchmark level of 
operating capital, $7,571 is borrowed to allow 
operation of the rented 101 acres and expansion 
of the beef enterprises. Labor supplies in several 

"Of course, forage grown on th e farm is a lso Jim itational ; f eed 
g r a in a nd la nd a r e limita tiona l in the ::;' 'l : ,, ti--=t t the~· wil l be 
purc h ased or re n ted. r espectively, o nl y if t hese a r e profitable 
procedures. 

10 Same as foot note 14 . 
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months, a long with limited forage supplies and 
hog space, restrict farm size and profits . Ex­
istence of a dependable market for hay would 
allow farm size and profits to further expand . 
Larger farms also could be obtained by hir ing 
labor ; however, farm s ize is determined here in 
terms of optimum size for a family labor supply. 

Table 16 indicates that the optimum farm size 
differ s little when 240 acres rather than 160 acres 
are owned at the outset. Three more litters of 
hogs are produced starting from 240 acres because 
of greater hog building space; otherwise the crop 
and livestock plans are practically identical. Less 
capita l 1s borrowed starting from 240 acres and, 
as expected, income is greater. The family labor 
supply ultimately limits farm size and profits in 
both situations. Hence, farmers with relatively 
large family labor supplies, or farmer s who make 
very efficient use of labor, could expand farm size 
profitably beyond 260 acres, given the other re­
source restrictions. Optimum farm size as de­
rived h ere also relates to the size or scale of farm 
machinery used. For instance, substitution of 
machinery for labor should a llow farm size to ex­
pand. 

Table 16 shows that farmers with a benchmark 
quantity of operating capital ordinarily maximize 
profits through expansion of farm size, if funds 
may be borrowed and land is available for rental. 
These results indicate t hat the trend toward larger 
farm units will probably continue in the soil area 
studied, forcing migration of some farm workers 
to other types of employment. A later section 
treats this subject more full y. 

OPTLMUM FA HM S1zE Usnw ONLY FAMILY LABOR, 

W LTH B UILDING SPACE NONHESTRL C11NG 

The plans of table 16 were limited mainly by 
fami ly labor and livestock building space . For 
other farms of the area, even livestock buildings 
may not be a limitational resource. Thus, th e 
plans of table 17 a r e derived with building re­
strictions lifted, leaving only labor as a limiting 
resource. That is, optimum farm size and profits 
are given where all resources except labor a r e 
variable. With only labor restrictional, however, 
maximum profits result from intensification of 
livestock production on the given farm acreage 
(either 160 or 240 acres) rather than from rent­
ing additional land. Production of spring pigs ex­
pands to 110 and 85 litters for the 160- and 240-
acre situations, respectively, because hog building 
restrictions are removed. 

With labor t he main r estriction, incomes are 
maximized with the plans of table 17. However, 
many farmer s undoubtedly would prefer acreage 
expansion rather than intensification of hog pro­
duction to the extent shown. Relatively few farm­
ers can manage successfully a swine enterprise 
of t his size-problems of disease and feed ing are 
greatly magnified. Too, all hogs produced under 
t he spring system ar e marketed at about the 
same date ; low fall hog prices would greatly de-
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press fa rm incomes . Thus, while the plans of table 
17 result in maximum average income, annual 
variability in income might be relatively high . 
Previous studies .show t hat, for many fa rmers, 
low income variabilit y may be more important 
than level of income. 16 Relatively high levels of 
borrowed capital also incr ease the risk associated 
with plans in table 17. However , farmers wit h 
low risk aver sion, or t hose with high levels of 
operating capita l, may prefer to int ensify live­
st ock production wh ile maintaining the present 
farm size. For t hese farmers, the high mean in­
come may be more important t han greater varia­
bility in income. 

Few farmers in t he area st udied are in a 
position where labor is t he only restricting farm 
resource . Generally, limited capital and a rela­
tively fixed building supply combine with labor 
r estrictions to limit farm plans and profi t s . Hence, 
probably more fa rmers look toward expansion of 
farm size (table 16) rather than intensification of 
livestock production (table 17) as a method of in­
creasing farm profi ts . Dissatisfaction wi th present 
farm income levels and pressure for incre-.rned 
farm size suggest a need for discussion of alter­
native employment oppor t uni t ies. 

OPTIMUM F AR M PLANS FOR OPERATORS 
\VITH OFF-FARM J OBS 

Many farm families are dissatisfied with t he 
level of income from farming alone and wish to 
supplement this income. Consequent ly, an in­
creasing number of farm operators in the ar ea 
studied ar e being employed off-farm on a part- or 
full-time basis . Some individuals will cease farm­
ing and shift to full-time urban employment at 
compara ble incomes if such employment is avail­
able. Other s requir e some premium for shifting 
to nonfarm work. The plans in this section con­
cern that group wh ich ar e employed off-farm, 
yet wish to continue living on the farm and use 
their r emaining labor and other r esources in 
farming. That is, t he farm plans indicat e opti­
mum organization of the limited labor ava ilable 
for farming with capital and other resources . 
Plans are shown only for farms which ordinarily 
have excess labor (i.e. , 80- and 160-acre farms ) . 
Returns from these plans will be used in later 
compar isons of alternative income opportunit ies 
for farmers of t he ar ea. 

OPTIMUM. F A RM P L ANS FOR OPEHATOH S \ Y rrH 

PAHT- TI ME O FF-FA RM Joss 

A par t -time off-farm job of 5.5 hour s per day, 
5 days a week (including commuting time) is as­
sumed; the r emaining labor supply is available 
for farm work as shown in t a ble 2. Further de-

•• See : H ead y. Ea r l 0., H ildre th , R. J. and D ea n, Gera l d " ·· 
U n certa inty, expectations and i nves tme nt dec isions for a 
sample of cen tra l Iowa farm ers. Iowa Agr . Exp. Sta. R es. 
B ul. 447 . 1957 . 



tails of the off-farm job are given later, since at 
this point emphasis is on the best possible farm 
plan, given that the operator has outside employ­
ment. Of course, other forms of part-time work 
are possible, such as off-farm employment only 
during winter months or in other seasons: Be­
ca use of their diversity, however , such arrange­
ments are not investigated. 

Farmers on 80 acres, whether average or above­
average managers, can hold part-time jobs as de­
scribed above without restriction in farm plans or 
income. Sufficient labor exists in all months for 
both farming and part-time employment, even 
with nonrestrictional capita l. Clearly, the 80-acre 
operator can increase total income by assuming a 
part-time off-fa rm job. His farm plans and farm 
income remain constant whether he works off-farm 
part-time or not. Optimum farm plans for this 
sit uation were presented in tables 10 and 11. 

Wh en farm size is 160 acres, some farm income 
must be sacrificed to allow part-time off-farm 
work (see t able 18). Comparison of incomes in 
table 18 with those of tables 12 and 13 show that 
li ttle decline in farm income results from the de­
cre1se in labor available for farming.1

; Shifts 
toward enterprises with lower labor requirements 
in restrictive months is indicated. For example, 
spr ing pigs, because of their low fall lacor require­
ment, replace the 2-litter hog system. No other 
major shift in farm plans is required to accommo­
date the part-time off-farm job under either man­
agement condition of table 18. Again, most 160-
acre fa rm operators can increase total income with 
a part-time job in addition to farm ing. 

OPTI M UM FAnM. PLANS FOIi OPERATO RS "\V l'rH 

Fm,c-Ti:ME OFF-FAHM Joss 

Part-time work is not always available to farm­
ers. Often the operator must take a full-time off­
farm job or forego off-farm employment entirely. 
A full-t ime off-farm job is assumed for 40 hours 
per week plus commuting time. The labor remain­
ing for farm work when the operator has a full­
time off-farm job is presented in table 2. 

Table 19 shows that, even on 80 acr es, the farm 
labor supply becomes restricting in several months 
when the operator works off-farm on a full-time 
basis. However, adjustments in 80-acre farm plans 
allowing more efficient use of labor permit farm 
income to remain at nearly the same level as when 
the operator farms full -time. Part 1, table 19 may 
be compared with part 2, table 10 for changes in 
farm plans and incomes wh en an average manager 
of 80 acres takes a fu ll-t ime off-farm job in ad­
dition to farming . With a full-time off-farm job, 
the livestock plan shifts toward enterprises which 
use labor more efficiently in restricting months. 
For example, spring pigs replace the 2-litter hog 
system, and beef cows enter the plan. However, 

17 Since the capita l le ve ls of tables 12 and 13 do not correspond 
exactly with those of tabl e 18, prec ise con1pa ri so n s are no t 
poss ibl e. CJose approximation s ca n be made, h oweve r , by 
inte rpolation in tab les 12 an d 13. 

ui 
z c3 
~ 
< 
~ 
E-< 
"" <fl 

. 
<1) 

'a, E 
'70• 

Vi 
<1) 
Vi 
·.: 

'"'" 

-"' 
" 0 

:n 
<1) 

> 

C: 

C' <1) 

B ~ 
C: <1) 

<1) ~ 
.... "' 
0 Cl. 

0 

§ c'.3 .., 
"' C: 

:0 
E 
0 

" 
E 
::, 

E 
:;: 
Cl. ,:: 

0 "' C. 
bJJ 
,:: 
'i: 
p, 
0 

(3 

C 
0 .., 
"' .3 
Vi 

E ... 
oi 

r,:. 

... .,, 
.0 

E 
::, 
z 

Vi .,, 
'-

" -,: 

Cl. 
0 ... 

(.) 

Vi 

" ... 
c., 

-< 

,:: 
0 

E ~ 
~ > 
rn ct 'E 
;;..; () Cl.I 
00 'C .c 
bi. Q) 

f ~ s 
" c., bJJ ... 

-~ ~ ~ 
Cl. <1) <1) 

<fl O ll'.I 

C: ... ; 
"' Cl. 

bJJ 
,:: 
''3, 
Cl. 
0 ... 
" 

;::; 

U) 

'-

~ ] ~ i 
.c ,.c ,c 

C'-1 0 C'I e,..] .... .... ..,. 

I--'.- ....... 

" :... 

.3 
U) 

"' Cl. 

bJJ 
,:: 

:s 
::, 
.0 

+ 
<1) 

" C: 

"' ... 
::, 
rh 
,:: 

+ 

+ 
U) 

bJJ 
,:: 
;a 
::, 
.0 

C: 
0 

C: 
0 

~ 
·a ., 
.... 
Cl. 
<1) 

'O 

+ 
>, 
.... 
<1) 

C: 

.i:: 

" "' E 
C: 
0 

,:: 
0 

~ ·a 
" :... 
Cl. 
<1) 

'O 

+ 
U) 

t'. 
0 

" 

<1) 

E 
g ~ 
,:: .3 

Ui 

Vi "' 
~ Cl. 
... C: 
bJJ 0 

111 



ui 
z 
0 
H 
E-, 
~ 
0 
E-, 

if! 

112 

00 

"' ~ ...., .., 

<= ,.. 
Q) 

ti 
« 
0. 

bl) 

<= ·s. 
0. 
0 ... 
" 

,; 
.0 

+ 

+ 
if. 
QI 
X 

rl 

+ 

income declines relatively little-from $836 to 
$695. 

Part 2, table 19, compared with part 5, table 11, 
indicates shifts in• farm plans and incomes when 
an above-average manager on 80 acres takes a full­
time off-farm job. Here the major change in live­
stock plans is from calves fed on pasture to de­
ferred-fed calves; the latter have higher returns 
to labor in all months. Again, income is main­
tained at high levels with the shift in plans. These 
results indicate that farmers on 80 acres, whether 
average or above-average managers, can assume 
a full-time off-farm job with little sacrifice in farm 
income if appropriate adjustments are made in 
farm plans. 

Comparison of part 3, table 19, and part 1, table 
12, indicates changes in farm plans and income 
when an average manager of 160 acres takes a 
full-time off-farm job. The results are similar to 
those for 80 acres: By shifting toward enterprises 
with high returns to labor, farm income is nearly 
maintained. Part 4, table 19, compared with part 
2, table 13, shows changes in farm plans and in­
come when a 160-acre farmer with above-average 
managerial ability has a full-time off-farm job. 
Again, a shift occurs toward livestock enterprises 
with low labor requirements. However, an im­
portant difference is noted between this and previ­
ous situations: A sizable sacrifice in farm income 
results from using labor off-farm. Hence, the off­
farm wage rate becomes important because it must 
be sufficiently large to compensate for sacrifices in 
farm income. Detailed comparisons of incomes 
from various alternatives are discussed below. 

ALTERNATIVE INCOME OPPORTUNITIES 
FOR FARMERS IN THE SHELBY-GRUNDY­

HAIG SOIL AREA 

Many farm families in the soil area studied are 
faced each year with the task of increasing, or 
sometimes maintaining, relatively low incomes. 
Three broad employment alternatives exist for 
these families: (1) devote full-time to farming, 
(2) work part- or full-time in nonfarm employ­
ment and use remaining labor for farming or (3) 
sell the farm and move to full-time nonfarm em­
ployment. A decision among these alternatives is 
clear-cut on economic grounds alone: Simply se­
lect the occupation, among those available, with 
the highest real income. However, economic forces 
alone ordinarily do not determine the choice of 
employment. Closeness to friends and relatives, 
church affiliation and preference for farm living 
are among noneconomic forces retarding transfer 
of farmers to higher-paying nonfarm occupations. 
Such factors must be weighed, along with income, 
by individual farm families in making decisions 
regarding employment. 

COMPARISON OF I N COM.ES FROM FARMING AND 

NONFARMING O PPORTUNITIES 

In making employment decisions, many farmers 
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TABLE 20. COMPARISON OF FARM AND NONFARM '"REAL" I)IC0:11ES FOR VARIOUS FAR:11 SITUATIONS A)ID NONFARM WAGE RATES.• 

A nnua l sala r y at "R ea l" nonfa rn, in con, e 

Farm Oper ating Farm H orne 
v:=i. ri ous h ourl y ·wage ratese I n te r est at va ri ous hourly wage ··Rea l" 

s ize Mana g e m ent ca_Q i tal n et u sed Hou si ngr on rates 11 .fa rm 

(acres) usedb incomec produce<l $1.35 $1.90 $ 2.4 5 capita l g incon1e 1 

$1.35 $1.90 $ 2.4 5 
(1) ( 2) (3 ) ( 4) ( 5) (6) (7) (8) ( 9 ) (10) (11) (12) ( ] 3) < 14 ) 

80 Average $ 4,200 $-139 $ 464 $ 2,808 $ 3,95 2 $ 5,096 $ 960 $ 815 $2,663 $3 .80 7 $4, 95 1 $ 3 25 
80 -Average 10,738 83 6 4 64 $ 2.808 $ 3,952 $ 5,096 960 1.077 2,925 4 .069 5,2 13 1.300 
80 Above-average 2.100 591 4 64 $ 2,808 $ 3,952 $ 5,096 960 731 2.579 3,723 4, 86 7 1,055 
80 Above-average 3,150 l ,1 7 8 464 $ 2,808 $ 3,952 $ 5,096 960 773 2.621 3,765 4.909 1.64 2 
80 Above-average 4,200 1,536 464 $ 2,808 ~ 3.952 $ 5,096 960 815 2,663 3.807 4,9 51 2,000 
80 Above-average 5.2 50 1,8 03 464 $ 2,808 $ 3,9 52 $ 5,09 fi 960 gi; 7 2.705 3, 849 4.993 2,26 7 
80 Above-average 6,300 1,991 4 64 $ 2,808 $ 3,952 $ 5,096 960 899 2.74 7 3.89 l 5.035 2.455 
80 Above-average 9,292 2,349 464 $ 2,808 $ 3,952 $ 5,096 960 l ,019 2.867 4,0 11 5,155 2.813 

160 Ave rage 8.4 00 571 490 $ ?.808 $ 3,952 $ 5,096 960 1.01a 3_3r,3 4. 507 5.65 1 l .061 
160 Ave rage 19.117 2,3 40 490 $ 2. 8 0 8 $ 3,952 $ 5,096 %0 1.94 3 3,791 4,935 6.079 2;830 
160 Above-average 4 .200 l .948 490 $ 2. 808 $ 3,952 $ 5,096 960 1.34 7 3,195 4 .339 5.4 83 2,H8 
160 Above-average 6.300 3,032 490 $ 2,808 $ 3,952 $ 5,096 960 1.4 31 3,2 79 4 .4 23 5.567 3.5 22 
160 Above-average 8.4 00 3,6 67 490 $ 2,80 8 $ 3,952 $ 5,0 96 960 1,515 ~.363 4 .507 5,651 4,157 
160 Above-average 10 .500 4.199 490 $ 2,808 $ 3,952 $ 5,09 6 960 1.599 3,447 4,59 l "· 7 35 4.6 89 
160 Above-average l 2.600 4,55 4 490 $ 2. 808 $ 3,952 $ 5,096 960 l.6 8~ 3. 5H 4 .6 7 5 5,8 ] 9 a ,0 44 
160 Above-a vera.ge 17 ,129 5,015 490 $ 2.808 $ 3,95 2 $ 5,096 960 1,86 4 3,712 4,85 6 6.000 5,505 

240 Average 12.600 1,633 430 $ 2,808 $ 3,952 $ 5,09 6 960 2,208 4,056 5.200 6.3 44 2.063 
240 Avera g e 24.2 87 3.4 79 43 0 $ 2,808 $ 3,952 $ 5,09 6 960 2.6 75 4.523 5.667 6,8 1 l 3,909 
240 Above-ave rage 6,300 3,612 43 0 $ 2,808 $ 3,952 $ 5,096 960 1 ,956 3,804 4.9 48 6.092 4,042 
240 Above -ave rage 9,450 5,146 430 $ 2.808 $ ~. 9 52 $ f ,096 960 2.082 3,930 5.07 4 6.218 5.576 
240 Above-average 12,600 6.087 430 $ 2,808 $ 3,952 $ 5,09 6 960 2,208 4,056 5,200 6,-144 6,51 7 
240 Above-average 15, 750 6,929 430 $ 2,808 $ 3,9 52 $ 5,096 960 2.3~ 4 4,1 82 5.326 6.• 7 0 7 .359 
24 0 Above-average 18,900 7,231 430 $ 2.808 $ 3,952 $ 5,096 960 2.4 60 4 .30 8 5. 45 2 6,::i96 7,661 
240 Above-average 20.669 7,252 430 $ 2,808 $ 3,952 $ 5,096 960 2.531 4 .379 5.5 23 6.667 7. 682 

• Farm situations correspond, in o rd e r , to t h ose in tables 10, 11, 12, 13, 14 and 15. "Real" incom e is -l e fin ecl in s u bseq u e nt footnotes. 
b I ncludes capita l , -eq uir e d for va riab le costs. Does not inc lude investm e nt in m ac hin e n , a nd equ i pm ent o r the va lu e of Jan el and bu ildin gs. Investment in n1ach if\ ery a nd 
equipment i s as follows : 80 acr es-$3,585 ; 160 a c r es-$4,2 70; 240 acr es-$4,800. Land and buil din gs are valued at $157 pe r acre. 

'Farm n et inco m e dete rmin e d b_,- lin ea r program m in g (see tables 10 t h rou g h 15). 
• From the " 1955 Iowa Farm R eco r d Summary" for southern Iowa pasture a r ea. 
e Estimates of hourly wage rates .in Des lVLoines, Io,va obta in ed f rom the Iowa Ernpl oyrnent Securi t~- Co mn1is~ion. 1-Iourly ,vages of $1.35 a re eo 111111on as s ta rting pay 
for m a le facto r y workers: w ages of $2.45 pe r hour are common for union co n struction labor: wages of $1.90 are a n inte rmediate l evel of ea rnin e-. Annua l sa la r y based 
on a 40-h our week. 

'The Iowa. Employ m e n t Security Commission estimates r ent on a 2-bedroom apartm ent at $80-$95 per month with a ll o r ;;a r t of the utilities paid. To a p p r oximate ave r ­
age r ent without util i ti es, th e lower figure of $80 pe r month was selected . 

• Interest at 4 percen t on capital form e rl y u sed in farming. In c ludes operating capital used in farming (co l. 3) + valu e of machinery and equipment + ,·a lue of land 
a nd b ui ldings (~ee footnote h). 

• "Real" n onfarm income (cols. 11. 12, 13) = a nnual sala ry (cols. 6, 7, 8) - housing c-ost (col. 9) + !nterest o n cap ital (col. 10). 
1 "Real" fa rm income (col. 14) = farm n et income (col. 4) + home used p roduce (co l. 5). 



rule out part-time farming as undesirable because 
of the commuting problem. Hence, the first com­
parison made is simply one of income in full-time 
farming versus urban income (see table 20). The 
optimum farm plans developed earlier (tables 10 
through 15) are used in predicting farm incorr:es 
under various resource sit uations. These farm rn­
comes, adjusted for the value of home-used pr~d­
ucts, are compared with three levels of urban rn­
come based, in turn, on wage rates of $1.35, $1.90 
and $2.45 per hour. 18 The nonfarm incomes are 
adjusted for housing expenses and inter~st on 
capital formerly used in farming. Thus, rncome 
from labor and capital used in farming is com­
pared with income from the same resources when 
employed in various nonfarm uses (see columns ~1, 
12, 13 and 14, table 20 for adj usted comparative 
incomes ) . 

Table 20 shows that a farmer with only 80 acres 
will increase income by moving to nonfarm em­
ployment, even at a wage rate of only $1.35 J?er 
hour. This result holds even for operators with 
above-average managerial ability and a nonlimi­
tational level of operating capital. Thus, 80-acre 
farmers must sacrifice income to remain in farm­
ing unless they do additional off-farm work; the 
amount of sacrifice depends on the operator's 
managerial ability and level of operating capital. 
F urthermore, average managers, rega:dless of 
farm size (80, 160 or 240 acres) or capital level, 
increase profits by moving to nonfarm employ­
ment, even at $1.35 per hour. 

Wh en 160 acres or more are operated under 
above-average management, the level of avail­
able operating capital determines whether higher 
profits are possible in nonfarm employment. For 
example, a 160-acre farmer with above-average 
managerial ability and 50 percent less than bench­
mark capital ($4,200) needs only $1.35 per hour 
to make nonfarm employment more profitable 
than farming. However, the same farmer with a 
benchmark level of operating capital ($8,400) re­
requires $1.90 per hour before nonfarm income 
is higher; with nonlimitational capital, he needs 
$2.45 per hour to make urban work more profit­
able. When farm size is increased to 240 acres, 
an above-average manager with benchmark oper­
ating capital ($12,600) or above maximizes profits 
in farming, even with a possible nonfarm wage 
rate of $2.45 per hour. Thus, employment de­
cisions by particular farmers depend not only on 
their managerial ability and resources used in 
farm ing, bt:t also on their ca~abilities and opp?r­
tunities in nonfarm jobs. An important factor rn­
fluencing the employment decision may be that 
fewer total working hours per year are required 
on th e nonfarm job compared with most of the 
farm situations studied. 

~s Non far1n "'age rates i n Des ~fo ines Io:va .. "'e r~. es tim ated by 
t11e To,va En1ployn1e nt Security Con1m 1ss 10 11 . Hourl y ,vages 
of $1.35 are common in D es Moi nes as s tart ing pay f o r un ­
sk ill e d fa c tory workers : wages range up to $ 2.45 pe r h our 
a nd more for con s truc tion labo r . An h ourl y rate of $1.90 
was se lected as a n in termediate wage l eve l. These flgures 
represe nt probable wage· fo r fa rm er s with diffe r ent degr<,es 
of ski ll who move to nonfa r m e mployment. Annua l sa la n es 
at each wage rate are based on a 40-hour w eek. 
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These results show that farmers with average 
managerial ability obtain higher returns on labor 
and other resources.in nonfarm employment, even 
at the unskilled wage rate of $1.35. Many of these 
farmers, however, r eject nonfarm jobs which 
yield comparable or higher incomes . Lack of 
training often restricts nonfarm opportunities 
to jobs which, in the eyes of farmers, lack the 
prestige associated with farm entrepreneurship. 
Also, nonfarm j obs at any wage rate may be 
scarce. Unfortunately, farmers with the lowest 
incomes often cannot compete effectively with 
others for scarce nonfarm employment. 

COMPAHI SON OF I NCOMES FHOM FARMING, NONFAHM 

vVonK ANn P AnT-TI ME FARMING 

Earier discussion suggested part-time farming 
(i.e. , combining off-farm work with farming) as a 
promising method for increas ing farm family in­
comes in the soil area studied. Hence, incomes 
from this alternative are compared with incomes 
from farming alone and from full-time urban em­
ployment. The data and footnotes of table 21 
give details of computing incomes from farming 
alone and from part-time farming alternatives; 
these incomes, and those from urban employment 
(see table 20) , are summarized in table 22. 

Table 22 indicates that 80-acre farmers with 
average management and benchmark operating 
capital ($4,200) would maximize income by mov­
ing to full-time nonfarm employment; at full-time 
off-farm wage rates of $1.35, $1.90 or $2.45 per 
hour their most profitable alternative is to direct 
all resources to nonfarm uses. However, 80-acre 
farmers with average managerial ability but non­
limitational capital ($10,738) would maximize in­
come by combining a full-time off-farm job with 
farming. The latter result also follows for above­
average managers on 80 acres with benchmark 
($4,200) or nonlimitational operating capital ($9,-
292). Of course, wage differentials might alter the 
income advantage. For example, an individual 
who lives in town and devotes full attention to a 
nonfarm job may advance more r apidly and co_m­
mand higher wages than if he holds the same Job 
but maintains his major interest in farming. 19 

An average manager of 160 acres maximizes 
income by moving to nonfarm employment at any 
of the three wage rates shown in table 22. An 
above-average manager of 160 acres with nonlimi­
tational operating capital ($17,129) maximizes in­
come by combining farming with a full-time off­
farm job if wages are $1.90 or $2.45 per hour. At 
wages of only $1.35 per hour on a full-time off­
farm job, however, this operator obtains a higher 

•• \Vage diffe r e nti a l s m ay decide t h e m o-; t pro fita bl e a l ternative 
as follows: Suppose an average ma n age r of 80 ac res with non­
limitationa l capital ($ 10,738 ) r ece iv es a full-tim e n onfarm 
hourly wage of $2.45 if h e mo>;es _ o ff th e _far m, but o nl v $1.90 
If he r en1ain s on t he fa rm. Hi s in come 1<:.; max1m1zed 111 thi s 
case b y moving to nonfarm e mployment ( i. e_. , hi s total. in ­
eome i~ $5,213 ins t ead o f $4,498)_. H oweve r. 1f t h e fuH-ttm e 
nonfarm h o url y wage r a t e is $2 .45 rega rd less of wh e ther h e 
l ives in town or o n th e farm , he max imize s incorne by co tn• 
bi ning the fu ll -ti m e j ob with fa rming (i. e ., hi s t o ta l income 
Is $5, 642 Ins t ead o f $5,213) . 
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income from devoting full-time to farming alone. 
That is, the sacrifice in farm income from work­
ing off the farm in this case is greater than the 
gain in off-farm• income. In contrast, farmers on 
80 acres can increase incomes considerably through 
part-time off-farm work even at the low off­
farm wage rates, although other alternatives give 
greater income. 

Several general observations can be made from 
the previous income comparisons. Within the 
range of off-farm wages considered, above-aver­
age managers should, for maximum profits, take 
advantage of their entrepreneurial ability by stay­
ing in farming-at least on a part-time basis. 
Average managers, however, generally maximize 
income by moving to nonfarm employment. Again, 
the suggestions of this section are based on profit 
maximization as the farm family goal. F inal de­
cisions also rest on preferences :µ,.d opportunities 
of the individual farm family. 

OBSTACLES TO GREATER CAPITAL USE 

Scarcity of operating capital limits profits in 
nearly all situations studied. In these situations, 
returns on added operating capital are relatively 
high, especially when the initial quantity of capi­
tal used is small. The following discussion at­
tempts to explain why farmers fail to use ad­
ditional operating capital, often at an obvious 
sacrifice in average income. 

Use of funds in farming is restricted by either 
(1) r ationing of credit to farmers by lending 
sources or (2) unwillingness by farmers them­
selves to use additional capital. A previous study 
in Iowa found that, of the two types of capital 
rationing, the self-imposed type appeared to be 
the major reason that added capital was not 
used.20 A later investigation involving only central 
Iowa farmers supported this finding.21 

In both studies, the great majority of farmers 
indicated that larger quantities of borrowed funds 
were available than were actually used; many of 
these same farmers stat ed that use of additional 
capital probably would have increased profits. 
Why, then, do farmers themselves restrict capital 
use? The principle reasons relate to risk and un­
certainty, e.g., uncerta inty with respect to prices 
and yields. Thus, while greater capital use would 
increase average income, the possibility of loss 
within the immediate year deters use of more 
funds. A general awareness by farmers of the 
principle of increasing risk helps explain t heir 
reluctance to expand use of capital through bor­
rowed funds. As more borrowed funds are used 
and the percentage equity declines, the probability 
of loss and bankruptcy increases . Other farmers 
may refrain from borrowing because of the com­
m unity attitude toward debt. 

On the basis of the studies quoted, availability 
of credit is not a major obstacle to added capital 

'° See: H eady. Earl 0. a nd Swan son. Ea.r l R . Resource produc­
tivity in Iowa farming. I owa Agr . Exp. Sta. Res. Bul. 388. 
1952. 

21 H ead y, Hildreth a nd D ean. op. c it. 
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TABLE 22. COMPARATIVE " REAL" I N COME I N VARI OUS SITUATI ONS .F R OM FARMI NG ALONE. FROM FARl\'IT NG W I T H 

A PART- OR FULL-TI ME J OB, AND F R O:VI A NONFARM J OB ALONE.* 

• Full -t ime 
Par t-t im e F ull -t im e n onfa rm j ob 

Far m Oper a tin g- Farn1in g- nonfarm j ob non fa rm j ob a nd not 
s i ze :VIana g e me n t cap ita l full - and fa rming: and fanning: farm in g : 

(ac r es) used t i m e Off-fa rm h ourl y Off-fa rm h o url y O ff -fa r m ho u r ly 
wage ra t es w age r a t e8 wage rates 

I $1.25 $1.75 $1. 3 5 $ 1. 90 $ 2.4 5 $1. 35 $1. 90 $2.4 5 

80 Average $ 4,200 $ 325 $ 923 $1,443 $2,43 1 $3,575 $ 4,7 19 $ 2,663 $3,80 7 $ 4,95 1 
80 Average 10,738 1,300 J ,89 8 2, 41 8 3,35 4 4,498 5,6 42 2,925 4,069 5,213 
80 i \_bove-a ve rage 4, 200 2,000 2, 59 S 3, 11 8 4 .106 5,2 50 6,39 4 2,663 3,8 07 4,95 1 
80 Above-average 9,292 2,813 3,4 11 3,93 1 4, 622 5,7 66 6,9 10 2,867 4,0 11 5, 1 55 

1 60 Averag e 8, 400 1,061 1, 659 2, 17 9 3,070 4,2 14 5,358 3,363 4,507 5,65 1 
160 Average 19, 11 7 2,830 2,789 3, 309 3,5 43 4,6 87 5,83 1 3,791 4,935 6,079 
160 Above-average 8,4 00 4,1 57 4,350 4,870 5,0 69 6,2 13 7 ,357 3,363 4, 50 7 5,651 
1 60 Above-ave rage 17,129 5,505 5,4 17 5,937 5, 41 8 6.56 2 7,706 3,7 12 '1, 856 6,000 

* Incon1e fig ure s take n f r om tab les 20 a nd 21 a nd s u1n m arized h e re "fo r read y c o n1pa ri son s. 

use. Educational programs designed to reduce 
farmers' unwillingness to borrow funds appear as 
the most promising method of putting more capi­
tal into farming, resulting in increased incomes. 
Information on improved technology alone is in­
adequate, since added capital is often required for 
adoption of new practices. Thus, educational pro­
grams require a two-pronged attack with respect 
to capital use in farming. One aspect must be to 
remove barriers to greater capital use. The other 
must be to indicate the most profitable uses of 
this capital, whether for new practices (hitherto 
the principal area of concentration) or for other 
farm uses . 

OBSTACLES TO LABOR MOBILITY 

This study indicates that operators with only 
average farm managerial ability, especially those 
with small acreages, may increase monetary in­
comes substantially in one of two ways: (1) by 
working off-farm in addition to farming or (2) by 
selling the farm and equipment and moving to 
urban employment. In many cases, use of these 
alternatives may be required to bring family in­
come to a satisfactory level. Adjustments along 
these lines are taking place-but more slowly than 
might be expected on the basis of comparative in­
comes. A partial explanation for this sluggish­
ness is that nonfarm jobs are often scarce, and in 

some cases, impossible for the farmer applicant 
to obtain, given his skills. In other instances, the 
availability of jobs is unknown to farmers. Lack 
of knowledge concerning alternative opportunities 
is often a major obstacle to needed adjustments 
by farm families. The psychological and social 
factors mentioned earlier are also barriers to 
gre::iter labor mobility. 

Uncertainty by farmers concerning the stability 
of nonfarm work is frequently a reason for their 
reluctance to leave agriculture. For example, in a 
study noted earlier, 22 78 percent of the farmers 
interviewed stated that farming was "less risky" 
than working in a factory. Again, this uncertainty 
is often related to insufficient knowledge about 
nonfarm employment. 

Part- or full-time off-farm work in connection 
with farming may be a possible avenue for accler­
ating movement of labor off farms. First of all, 
a combination of farm and nonfarm work may 
allow substantial increases in income, as shown in 
the area studied. Secondly, uncertainty concern­
ing nonfarm employment may be lessened, paving 
the way for a future transition to full-time non­
farm employment. One value of the present study 
may be in stimulating individual farmers to evalu­
ate their own income opportunities. This infor­
mation is prerequisite for making rational de­
cisions concerning future employment. 

2, H ead y, Hildre th a nd, D ea n . op. c i t. 

APPENDIX 
TABL E A -1. F I XED COST S FOR VARIOUS F ARi\,J SIZ ES TN SOUTHERN I OWA.* 

0-1 39 acrest 14 0-199 acr es t 200-259 ac r est 
Ite m 

1955 19 54 1953 1955 1 95 4 1953 195/i 1954 1 953 

T axes, in terest, insura n ce, building r epair!'.; $ 626 $ 650 $ 75 1 $ 9 29 $ 967 $ 837 $1,143 $ 1,1 54 $1 ,207 
Depreciat i o n on m ach i n er y 636 59 1 674 8 24 750 65 1 85 1 86~ 747 
Deprec iat io n on buildings 222 249 241 372 374 290 411 407 410 

T o ta l fi xed cos t s $1, 484 $ 1,490 $1 ,666 $2,12 5 $ 2,09 1 $ 1,778 $2,405 $ 2, 424 $2,36 4 

• Take n from "Iowa Farm Reco1 d S umma r y" for the south e rn Io w a pas tu re a r ea, fo r the 3 yea r s 1 953, 195 4 a nd 1955. 

t Th e 1955 tota l fix e d costs fo r th e t hree fa r m-s ize ra n ges, 0-1 39 , 140- 199 a nd 200-259 acres, a r e u~e cl as estima t es o f tota l fixe d 
costs fo r far m s of 80, 160 a nd 240 ac r es. 
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