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FARM SIZE AND COST FUNCTIONS IN RELATION TO 

MACHINERY TECHNOLOGY IN NORTH 

CENTRAL IOWA 

by 
Yie-Lang Chen, Earl 0. Heady 

and Steven T. Sonka 

INTRODUCTION 

Agriculture has greatly contributed to and interacted with economic 

growth in the United States. Particular characteristics of this growth 

are development of advanced management systems, rapidly advancing tech

nology which places a premium on change and furthers the mechanization 

process, and changes in the relative real prices of, labor and capital. 

Collectively, these forces have led to development of larger and more 

highly capitalized farming systems. Both machine technology and the decline 

in the real cost of capital relative to labor encourage the substitution 

of capital technology for farm manpower. Under intensive capital technology, 

fixed costs ordinarily are larger and per unit costs of production are 

lower for larger farms than for smaller ones. Lower per unit costs re

sult from expansion of farm size and greater specialization so that machine 

capacity can be more fully utilized. 

Other forces also have encouraged larger and fewer farms as farm effi-

ciency increased and new developments in technology occurred. Farmers 

used more nonfarm inputs and transferred more product handling f unctions 

to off-farm businesses . As efficiency improved further, profit margins 
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narrowed and the individual fa rmer could only expa nd t o produce more ou t

put so as to at t a in income levels d eemed c onsis t ent wi th the s t andard s of 

the rest o f soc iety. In addition , public programs enacted t o provide 

i ncome to th e fa rming s ector , r a nging f rom direc t payments f or nonproduc

t ion t o f a rm c redit, appear to have bee n geared mor e to l a r ger units than 

to s maller ones (1, p. vii-viii). 

How far will the se forces ca rry the farm indust r y? Are the e conomies 

a ssoc iat e d wi th large farms g rea t enough to me rit sacrifices in other 

directions? Th ese ques tions are vitally importa nt t o a nation n ow using 

o nly a bout 5 percent of i ts labo r and nonla nd capital for f a rm production 

a nd a t the same time faced wi th major di seconomies in l arge population centers. 

Still, the numb e r of farms, the farm work for c e, a nd the entire population 

of rural communities continue t o dec line. To analyze this a nd rela ted problems 

a bas i c question to be a nswered concerns the nature of r e turns to scale a nd 

the economies of farm size. 

This subject is on e which is o f inter e st to s~ientists, farmers and 

the general ci tiz e nr y . Fa rm op e rators are interested in the nature of returns 

to sca l e from the standpoint of profi ts ; the nonfa rm population is interested 

in farm size no t only from the standpoint of eff i c iency of food production 

but a l so from the standpoint of political a nd sociological goals. At the 

farm l e vel, the operator must compare the utility fr om (possible) added profits 

with the disutility from (poss ibly) taking g r ea t e r risks o r exerting greater 

e nergi es in the ma n agemen t f unc t ion . At the na tiona l l eve l , society may choose 

b e tween l a rger fa rms as a mean s o f a ttaining economies in f ood production and 
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smaller farms as a means of attaining sociological and political objectives 

and in giving greater impetus to rural communities. The extent to which 

one goal should be extended at the expense of anothe r, e ither a t the farm 

or national level, depends in large part on the nature of returns to scale 

in farming. If scale or size economies are great, other societal goals 

may be extended only at a very great sacrifice. If scale economies are 

small or nonexistent, smaller farms can be used with less sacrifice in 

attaining a more nearly equal distribution of farm wealth, political sta

bility within agricultural, and similar goals (9, p. 349). 

Cost economies and diseconomies of farm size can best be examined by 

estimating the per-unit costs associated with farms of different sizes. 

By cost economies or cost diseconomies we refer to phenomena which cause 

unit costs to decrease or increase as size of the plant and output are 

expanded (9, p. 361). 

Specific Problem 

Farmers, legislators, scientists and agribusinessmen frequently have 

different objectives and therefore have different concepts of the optimum 
...... 

farm size. The optimum farm size is not likely to be the same when the 

primary objective is rural community benefit as when it is maximization of 

farmer income or minimization of consumer food costs. Even for the same 

objective, the optimum size will quite likely change over time. The adequacy 

of any particular size or scale of e nterprise decreases over time because 

of changes in resourc es , technology, prices, and the environment. 
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Farmers h a v e l e ss tha n pe r fe c t k nowl e d ge , the i r expec t a t ions a re no t 

alwa ys c o rrect , a nd the r e a r e time lag s a nd discontinu i ties in t he siz e of 

the adjus tment t he y make. Thu s , fa rm l evel d ec i s ion- making tak e s plac e in 

an environmenta l o f uncertain ty. Fo r example, farmers ma y be quite u n certain 

as to the effect s hifting from c onve ntiona l 40"-row mac hinery c ombina tions 

to r e c e ntly introduc ed 30"-row machine ry combina tions may have on per-unit 

produc t ion c osts a nd on fa rm income. Farmer s are a lso unc ertain as to what 

farm s ize a nd machine ry c ombination can be used to rea li z e t he major cost 

economies available under c urren t machin ery technology. Of c ou r se, great 

uncertainty often s urrounds commodity prices, trends in input prices and 

the technology they represent. These uncer t aint ies affec t capital use of 

farmers and hence farm size. 

This report is designe d to provide information on the effect of 

a ltern a tive f a rm sizes and recent mac hinery technology on unit production 

cos ts fo r cash-crop farming. It a lso indicates the resource combinations 

which can be used t o a ttain the major cos t economies available i n north 

central Iowa. 

The s tud y i s one in a series made periodically to determine the 

ex t e nt t o which new technology has c h a nged the size of farms which result 

in minimum cos t s or wh i c h exploit the major cost a dvan t ages of declining 

fixed machinery cos t s . We have made s u c h studies at inte rvals in time 

a s sufficient new machine technologies h av e come into exis t ence (12, 13, 

16, 25) . We do not make th is study as a con side r ation in new c on c e pts. 

We make it at periodic intervals for the r eason s mentioned above. 
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Pre vious Resea rch 

This section of the report presents a brief discussion of the 

theoretica l b a sis fo r the assume d presence o f econ omie s and/or dis-

. 1 1 d t· It also r efers to several economies of scale in agricu tura pro u c ion. 

This previous quantitative studies whic h have analyzed this que stion. 

s ec tion, although a disgr es sion from the main thrust of the report, does 

indicate the philio sophical basis from which the study was generated. 

The traditional view of the long-run cost situation for American 

farming operations is presented in Figure 1 below. For this illustration, 

the verti cal axis is cost of produc tion per unit of output and the horizontal 

axis is farm size, in a c r es. In some instances, of course, it is more 

proper to use other measures of farm size such as volume of output or number 

of breeding stock. The section of the graph from points A to B represents a 

decline in per unit costs as farm size expands. These cost reductions result 

from the possibility of more fully utilizing the farmer's fixed productive 

assets by operating more acres. For most farming situations, it has tra-

ditionally been assumed that point B can be reached relatively quickly. 

C:ost per · 
unit of A 
output 

D 

B 

·----------- ----- -·---------

Farm siz e 

r- igure 1 . ll ypoth e t ical view of l on g-run cos t s f o r the traditiona l 
farm f j rm . 
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The segment of Figure 1 from point B to poin t C r epresents a region 

o f constan t, or very slightly de c lining, costs. This segment i s usually 

ass ume d to hold fo r a very wide r a nge of farm sizes . Madden ana lyzed 

fift een studies of scal e economies in grain, dairy , and liv es t ock production 

in 1967. He con c lud ed that, ''in most of the farmi n g operations examined, a 

mod e rn a nd fully mechanized one-man or two-man operation can produce 

efficiently and profitably, achievin g all or nearly all of the economies of 

size" (24 ) . Castle , Becker, and Smith present a long-run cost curve for 

whea t production in the Columbia Basin of Oregon whic h indicates very nearly 

constant costs for wheat acreages of from 1000 to 2800 acres (3). A study 

by Frisby a nd Bockhop in the early 1960s indicates a wide range for constant 

per acre returns for co rn production in Iowa (8). That s tudy details 

optimal machinery sys tems ranging from 285 to 1,325 acres for a corn pro

duction area consistent with the area described in this study . 

Typically , studies analyzing economies of scale a re concerned with 

factors at the firm level. A report b y Sonka and Heady is an exception to 

this normal pattern and examines the effect of different farming structures 

for a large numb e r of agricultural regions (35). The study also supports 

the theoretical cos t s tructure of Figure 1. In addition, the report 

hypothesizes, and provides a quantitative illustration of the trade-off 

between rural community welfare a nd rising per farm net income as farm-size 

expands. 

The third segment of Figure 1, from point C to point D, represents a 

region of increasing per unit costs . This section of the graph corresponds 
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to a farming situation where farm-size expansion ha s proce e ded too far. 

Diseconomies of scale for this situation a re usually attributable to 

limitations of the management input. 

Given the theor e tical structure of Figure 1, an obvious question re

lates to the continued existence of farming operations which are smaller 

than a size corresponding to point Bin Figure 1. Castle, Becker, and 

Smith provide five possible justifications for the existence of these 

smaller farming units (3): (a) lack of knowledge regarding potential 

cost reductions from size expansion, (b) conservative nature of the farmer 

or limited capital reserves, (c) lack of farmer profit motivation, (d) con

flict between size expansion and other family goals, at the particular point 

of the life cycle of the farm firm, and (e) greater return to labor in 

' 
alternative employment, especially for part-time farmers. 

Typically ( as in this report), studies of economies of scale have not 

considered the 'giant' farming enterprise. Usually these types of operations 

are few in number, so that data for them is difficult to obtain. Also their 

small number (in the past) suggests that production economies for them may 

not be great. Recently, however, more of these giant operations have come 

into existence and have, in some enterprises, become the norm rather than 

the exception. 

Indeed, the study by Madden indicated that units much larger than one-or-

two-man operations are needed to exhaust scale economies for commercial beef 

feeding in the Western states ( 24) . The rationale for the very large 

operations is often related to other factors than production economies, 

however. Krause and Kyle hypothesiz e a number of inc entives for these 
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'super- sized ' operations (2 3). They include market discounts for volume 

buying of inputs and premiums for large- scale merchandising of output . 

Al so the possibility of hiring manageme nt specialists for par ticular task s 

increases as the size of operation rea ches very large levels. Of course, 

a fac tor with i ntense public interest is the es t ablishment of large-scale 

farming en t erprises by nonfa rm conglomera t es . This issue is especial ly 

interesting if the farmi ng enterprise is organized more t o provide an 

income t ax shelter than to earn a profit from agricultural production. 

An examination of l a rge-scale corn produc tion units i s provided by 

Krause and Kyle (23 ) . They compared corn production units of 500, 1000, 

2000, and 5000 acres , al l owing market advantages to the larger units both 

in input pr ocurement a nd output marketin g . Increased cos ts for the larger 

units a r e r eflec t ed in higher wage rates labor and management. Using these 

assumptions, they e stimate a $7.30 per acre advanta ge for the 5000 acre unit 

a s compared to a 500 acre operation. Put on a per unit of output basis, 

this saving would probably be of the magnitude of 5 percent or less, however. 

Objec tives of this Study 

The major purposes of this r eport are (a) to det e rmine the per unit 

cos t relationship assoc iated with various farm-si ze and machinery combinations 

and (b) to specify and compare the resource combinations required to attain 

the major cos t economies available wi th curr ent machinery technology in nor th 

central Iowa. To accomplish t hese ob jectives cos t f unc tions have been 

budge ted f or the s tudy area for bo th 30"-row and 40"-row machine ry combinations 

based on several c ropping sys tems and price l eve l s . From this budgeting 
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procedure cost curve s are derived which describe the cost r elationships 

associated with farm size in the short- a nd long-run. 

The specific objectives of this report are: (1 ) t o determine the 

nature and extent of cos t economies and diseconomies associated with 

farm-size and various selected machinery combinations, (2) to compare 

budgeting results on minimum average costs and minimum average cost 

acreage for various selected machinery combinations with several cropping 

systems and price levels, and (3) to compre residual returns to labor 

and land for farms based on different cropping systems and price levels. 

As mentioned previously, this is another study of farm cost economies 

made periodically (12, 13, 16, 25) to ascertain whether (and the extent 

to which) the scale of farm operations necessary to exploit the main cost 

advantages of accumulated or new machine technologies has changed. 

Although we are concerned in this report with the relationships 

between farm-size and cost economies or diseconomies, we also must recog

nize that size of farm is affected by uncertainty and capital availability. 

Managerial ability, risk aversion, and capital rationing are other im

portant factors in determining prevailing farm sizes. 

The cost analysis is based on specific prices for farm resources, 

inputs, and crops. These prices were relevant for the time the study 

was initiated (1972) and for comparison of output levels consistent with 

minimum acre or unit costs. The prices are not, however, representative 

of the r ecent period of high exports and high land, labor, and grain 

prices. The costs computed and used in this s tudy are for comparisons 
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of cost or scale economies of farm-size in acreage-- and not for measure- · 

mentor indication of price levels which s hould exis t if curr ent grain 

producing costs were to be covered or at t ained by market prices or 

government support prices . Recent per unit cos ts, if inflated land 

values a nd high prices for other inputs are included, a r e considerably 

higher than the cos t functions derived in this study for comparisons 

among farm machinery sets and farm size . 

THE STUDY AREA AND FARM SITUATION 

To examine potential economies of scale a t the firm level , a parti-

cular soil and cropping system must be chosen in isolating the effect 

of differing sizes of machinery. This section of the report presents a 

description of the study area and farm situation selected for this 

analysis. 

Soil Association Area 

The cost curves developed apply to the Clarion-Nicollet-Webster 

soil association area in north central Iowa . This soil association, 

Figure 2, occupies all or parts of 29 counties in Iowa . Its topography 

is generally level to gently sloping, although some gently to strongly 

sloping areas are also present. Most land in this soil association 

has a good corn suitabi l ity rating (CSR) and the average corn yield 

in this a r ea wa s 105 bus hels per acr e for the period 1967 - 1972. This 

yield compares with the s tate ave r age yield of 97 bushels for the 

same period. 
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Within the soil association area, there is a large numb e r of soi l 

mixtures each producing a unique set of land restrictions to b e used in 

the budgeting model. But because of the limitations of time a nd expen-

diture s, only one soil mixture i s "f' d f s peci ie or the a nalysis. The soil 

mixture c ho sen, however, was selected to r epr esent the typic al soi l mix-

ture in this soil asso c iation. 

The Humboldt farm 

In Iowa, soils can be group ed i nto three different c l asses in 

terms of their CSR. Soils with CSR of less than 70 a r e considered be low 

average, soils with a CSR b e tween 70 and 80 are average, and those with 

a CSR b e tween 80 and 90 are above average. From the sample so il survey 

conduc ted by the Soil Conservation Serv;ce d h ~ a n t e Iowa Agricultural 

Experiment Sta tion, we obtain e d detailed information about soil mix tures 

in the study a r ea ( 38). A J' d t 1 · u gemen se ection of one s p ec ific unit of 

land wa s ma d e to define the soil-ty pe mixtures to be us e d. The selected 

section a nd its location i s : sec tion 25 in township 9 2 north and range 

27 west of Humboldt county. Th · 35 e a r ea is .5 pe rcent Nicollete loam, 

50.9 p ercent Webster silty c lay loam, a nd 13.6 percent Clarion loam. 

The CSR for this a r ea is 81.6. 

Ha ving selected the specific soil mixture , the next step is deriva-

tion of land restric ti ons. Th lt' 1· · e mu ip icity, size, shape a nd loca tion 

of the so il survey mapping unit s prohibit cons id e ring them as fields 

o r ope r ational units. Co n sequently , these mapping unit s a r e aggrega ted 
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into the following g e nera l ca t egories: (1) c r op land , (2) pe rma n ent 

pasture and (3) wa s t e land (homestead, roads, et c .). A repres en t a tive 

qua rter sec tion of land so organized i s g ive n in Appendix Table A-I. 

Spec ification of the Cropping System 

Corn, soybeans, oats, and hay are the ma jor crops of n o rth central 

Iowa. From 1961 to 1970, the area maintained 36 percent of the cropland 

in corn. Soybeans increased from 21.7 percent to 31.9 percent, oats de

creased from 8.6 pe rcent to 2.9 pe rcent, and hay decreased from 6.9 

percent to 2.8 percent (17, 18). 

Only two cropping systems are considered in this study. One, 

called the c urrent cropping system, involves a mixture of corn, soy

beans, oats, and hay production and corresponds to the crop mix grown 

in the area. These percentages are corn, 49.8; soybeans, 42.9; oats, 

3.5; and hay, 3.8 (18). The continuous corn cropping system assumes 

that nothing but corn is produced. This assumption is based on the fact 

that some farms in the central Corn Be lt are becoming spec ialized in 

corn production alone. Also, on most other farms in the Corn Belt where 

soybeans and other c rops are raised, corn i s the dominant crop (33). 

A r ecent technologica l deve lopme nt, na rrow-row culture, has increased 

the choices open to produc ers. The advantages of narrower row spacings 

over wide r (40")-row spacings inc lude b e tte r us e of radiation of light 

energy, more efficient use of water, and s h a ding of weeds to r e duce 

competition for mois ture a nd nutrients. For thi s study, 30"-row spacings 

a r e s pecific t o illu s trate the cost r elationships of narrower-row s pacings. 
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Available data show tha t fo r planning purposes, a fann er can expect a 

5 percent increase in corn yields and a 10 per cent increase in soybean 

yields by shifting from 40" t o 30" spacing ( 26) . The per acre yields 

for each rotation with both row s pacings are presented in Table 1. 

Achieving the yield estimates presented r equires a high level of manage

ment and use of ' most-known ' technology. This high-level management 

assumes all necessary inputs or operations a r e near the o ptimum level. 

It is bel ieved that the yields presented could be surpassed readily in 

any year, but only a small percentage o f fanns could be expected t o 

achieve yi e ld s as much as 10 percent higher than those shown over a 

5-year pe riod (7) . 

Table 1. Composition of crops in rotations and r esulting yi elds per acre 
(no untimeliness losses assumed).a 

Corn Oats Soybeans Hay 

Current cropping system 

Acres per 100 acres 
of cropland 49 . 8 3 . 5 42 . 9 3 . 8 

Yields per acre 
40" row 110.6 bu 88. 4 bu 42 . 2 bu 4.57 tons 30" row 116.1 88.4 bu 46.8 bu 4.57 tons 
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BUDGETING PROCEDURES 

This section of th e report is concerned with the budgeting procedures 

used to estima t e cos t functio ns for the different machinery combinations 

and farm sizes examined in this study . Descr iptions included in this 

sec tion are: (1) ass umptions underlying t he budgeting procedure, 

(2) selected machinery combinations, (3) cos ts of inputs and prices of 

outputs, (4) timeliness of operation and (5) derivation of cos t functions 

and cost curves . 

Budgeting Procedure Assumptions 

Several simplifying assumptions are necessary to allow development 

of the various cost functions . Thes e assumptions are : (1) In the con

tinuous corn cropping system, machinery combinati~ns differ slightly from 

those in the current cropping system . (2) The fann operator pays current 

market prices for all inputs not produced on the farm and all ,:rops are 

sold for cash at specified price levels. (3) Land and labor are unlimited 

in supply (at market prices) and fann size can be expanded to achieve 

economies without management limitations. (4) The farmer owns the machinery 

and custom work or machine rental a r e not used. 
Continuous corn 

Yields per acre 
40" row 110.6 bu Selected Machinery Combinations 
30" row 116.1 bu 

aSources: Ci , J•J) • The yields require a high l evel of management 
and use of most known techno l ogy . 

The five- machinery combinations, with the total i nvestment for new 

machines fo r 30 inch and 40 inch rows, used as a basis of deriving per acre 

cos ts a r e: 
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1. 4-row 30" ($ 49,990) 
40" ($ 50,369) 

2. 6-row 30" ($ 66,039) 
40" ($ 67,346) 

3. 8-row 30." ($ 79,237) 
40" ($ 78,883) 1 

4 . 4-row,4-row 30" ($ 93,275) 
40" ($ 94,033) 

5. 4-row,6-row 30" ($109,171) 
40" ($110,857) 

The first three sets of machinery combinations are 1-man, 1-tractor 

combinations but the last two sets are 2-man, 2-tractor combinations. The 

purchase price of machines included in each set of machinery combination is 

present ed in Tables A-2 through A-6. These prices es timate the total cost 

of the machines listed and were derived from the National Farm Trac tor and 

Implement Blue Book (28) and local farm machinery dealers in central Iowa. 

Thes e investment es timates, as well as the other input prices used here, 

relate to 1972 prices unadjusted for infiation since that time . 

cost . 

Cost of Inputs and Price of Outputs 

Total cost is d i vided into two components, fixed cos t and variable 

Total fixed cos ts are those which do not vary with the amount of 

use and i nclude cer tain machinery depreciation, interest on investment, 

insurance, taxes, and housing. The types of depreciation included as a 

fixed cost relate to a decline i n mach1.'nery value 1 · f b 1 resu ting rom o so esence, 

rust, and corrosion . From an accounting point of view, depreciation is the 

lB 8 II ecause -40 corn heads are no t available, the 8-40" machinery com-
bination includes a 6-40" corn head. The result of this s ubstitution is 
that th e 8-40" combination is slightly l ess expensive than the 8-30" combinatio 

17 

annual recovery of a prepaid cost over the useful l ife of the machine . The 

most common methods of ca lcula ting depr ec iation for t ax purposes a r e the 

straight-line, decl ining-balance, and s um-o f -digit s methods . The Farmer ' s 

Income Tax Guide , published yearly by the Int e rnal Revenue Service , explains 

these methods (20). 

The straight-line method is used in this study to compute average 

depreciation costs. The formula for this method is : 

D=~ 
N 

where: D = average depreciation cos ts, P = purchase price, S = salvage 

(1) 

value, and N = number of years in use. The number of years of use estimated 

by the Agricultural Engineers Yearbook 1963 (in 15) is given in Appendix 

Table A-7. The salvage value is assumed to be 10 percent of the purchase 

price. 

Interest on investment is the annual interest charge on the unrecovered 

cost of machinery. This factor is included as an operational cost because 

money used to buy a machine cannot be used for other productive enterprises . 

The inte rest rate used is 8 percent on the average machinery investment ( 32) . 

Average investment is determined as follows: 

P- S P+S 
A=S+-2-=-2- (2) 

where: A= average investment and P and Sare defined as before. 

Liability insurance coverage is included because tractors and other 

machinery may be involved in accidents resulting in liability claims. 

There also may be losses as a result of fire or high winds. Insurance is 

es timat ed as 0.25 per cent of the purchase price of machines (15). Personal 

property t a xes are estimat ed as 1 percent of purchase price (10). Housing 

costs are a l so es timated as 1 pe rcent of purchase price ( 33 ). 
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The annual total fixed costs of the five s elec t ed machinery combina

tions used in the current cropp ing system are presented i n Appendix Table 

A-8. The annu al fixed machinery co s ts are $7,072, $9,404, a nd $10,942, 

for 4-40", 6-40", and 8-40" machinery combinations, r espectively. The 

annual fixed machinery costs for 30" rows are slightly less than those of 

40" rows , as s hown i n Table A-8. 

Total variable cos ts a r e those which vary with the amount of use; 

including machine repair, fuel and oil, seed, insecticide and fertilizer, 

land rent, and labor. Cost of repairs is an impor tant fac tor in determining 

the point of r eplacement for a machine. Estimated annua l re pai r cos ts pe r 

ac re for corn a r e $6. 51, $6. 20 , and $6 . 61 for the 4-40", 6-40", and 8- 40" 

machinery combinations, respectively. Per ac r e repair costs estimated for 

soybeans a re slightly l ess than those estimated for corn. Since 30"-row 

and 40"-row combina tions have different effective capacities, the r epair 

costs estimated for them a lso a r e different. Usually , the 30"-row machinery 

comb ina t ions have higher repair costs t han 40"-row machinery combinations . 

The amount of f ue l used per hour depends on the size of the tractor, 

the t ype of fuel it i s using, and the j ob it is doing (2). The price of 

diese l fuel is assumed t o be $0.186 per gallon. 

Estima t ed seed, i nsecticide , and f ertili ze r cost s per ac r e are given 

in Tab l e A-9. The fertilizer us ed is consistent with the efficient fertilizer 

use recommended for this a r ea ()7) . The amount of fertiliz e r used differs 

among c rops as shown in Table A-10 i n the Appendix. To r e flect the greater 

in t ensi t y of na rrow-row cultivation the cost pe r acre for seed, i ns ec t icide , 

and fertilizer for the 30"-row spacing is set 5 pe r cent highe r than for the 

40"-row s pac ing. Land rent s per ac r e , interest on the purchase price of 

land, and property t axes a r e given in Table A-11. 

Variable labor costs include the l abor required for maintenance and 

repair, in addition to ac tual field opera tions. The variable maintenance 

requirements for labor a r e set at 30 percent of the labor required for 

fi e ld operations (20). In calcula ting labor costs, wage rates of $2.00 per 

hour for both operator and regular hired labor are assumed. 1 Labor costs 

for 40"-row machinery combinations are slightly lower than those for 30"

row machinery combinations. Variable costs for the 30"-and 40"-row com-

binations are presented in Tables A-14, A-15, and A-16. 

The per unit cost curves developed in this study measure costs per 

dollar value of crop product. Hence at least one set of prices is needed 

to determine total va lue of output. Two sets of prices are compared in 

this study, however, to indicate the effect of changes in output price on 

costs per dollar of output. The two price levels chosen are averages 

(a) for the years 1971-73 and (b) for the single year 1973, as reported in 

Prices of Iowa Farm Products 1930-1973 (31). Average prices for the 1971-73 

period are lower than the 1973 prices . In the period 1971-73, the price of 

corn, for example, averaged $1.38 per bushel while in 1973 the corn price 

was $1.81 per bushel. The prices used in estimating the cost functions 

are presente d in Table A-12 of the Appendix . 

Timeliness of Operation 

Many field t asks must be a ccomplished within a limited period of time 

if "excessive" produc tion l osses a r e to be avoided. Therefore, adequate 

machine capac ity i s needed to pr event "excessive" yield losses. Yield 

1 
Per hour wage rates for farm l abor averaged $1.84 i n the United States 

i n 1972 ( 36 ). This wage rate would not inc lude any charg e for management, 
however. 
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losses from delays in machine operations differ both for various machine 

operations on a given crop and for the same machine operations on different 

crops. A farmer attempting to avoid yield losses from delays in various 

machine operations generally gains most by owning those machines for which 

timely operations prevent greatest losses (ll). In this report, the 

following operations are assumed to cause losses in yields due to untimely 

operations: (1) corn planting, (2) corn cultivation, (3) corn harvesting, 

(4) soybean planting, (5) soybean cultivation, and (6) soybean harvesting. 

Since oats and hay are very small proportions of the current cropping system, 

they are excluded from the calculation of yield losses. 

Yield losses from untimely operations relate to the number of hours 

available for field work each day, the number of hours available in the 

optimal periods for specific field operations, the estimated average crop 

losses per acre from untimely field operations, and the machinery capacities 

per hour for various field operations. The estimated average number of 

hours available for field work by weeks in north central Iowa was obtained 

from McKee (21) and adjusted on the basis of climatologic data ~34) 

(see Table A-13). The estimated average number of hours available in the 

no-loss periods for specific field operations are presented in Table 2. 

It is assumed that these field operations must be performed during optimum, 

or no-loss, time periods to achieve the yields presented in Table 1. The 

estimated average crop losses per acre from untimely field operations in 

north central Iowa are given in Table 3. 
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Table 2. Estimated average number of hours available by no-loss periods 
for specific crop field operations.a 

Crop field operations 

Corn planting 
Soybean planting 
Corn cultivation 

First 
Second 

Soybean cultivation 
Corn harvesting 
Soybean harvesting 

aSee Table A-13. 

Period 

May 2-10 
May 10-17 

June 14-20 
July 1-6 
June 21-27 
Oct. 22-27 
Oct. 3-7 

Hours available 

45.9 
45.5 

45.2 
41.1 
41.4 
43.6 
37.5 

Table 3. Estimated average crop losses per acre from untimely field 
operations in north central Iowa. 

Crop field operations 

Corn plantinga 

b Soybean planting 
Oats plantingc d 
Corn cultivation 

First 
Second 

Soybean cultivatione 
Oats harveste 
Soybean harveste 
Corn harveste 

aSource: From 

bSource: From 

cSource: From 

dSource: From 

eSource: From 

( 5). 

(12). 

(16). 

(22). 

l26). 

Date losses 
begin 

May 11 

May 18 
April 12 

June 21 
July 7 
June 27 
July 21 
Oct. 6 
Oct. 26 

Losses per acre 
per day late 

First 10 days 0.8 bu. 
Next 10 days 1.0 bu. 

0.9 bu. 
1.0 bu. 

0.5 bu. 
0.25 
0. 75 bu. 
1. 3% 
1. 3% 
0.6% 
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The effective field capacity of a machine is a function o f the rated 

width of the machine, the percentage of rated width actually utiliz ed, 

speed of travel, and the amount of field time lost during the operation 

( 21). The effective capacity of a machine may be expressed as follows: 

C 
5280 XS X W X Ef 

43,560 X 100 
SW Ef 

825 (3) 

where: C = effective field capacity, in acres per hour, s = speed of 

travel, in miles per hour, W = rated width of implement, in feet, Ef = 

field efficiency, in percent, and 43,560 = number of square feet in an acre. 

Derivation of Cost Functions and Cost Curves 

In the budgeting procedure, data from agronomists, agricultural 

engineers, economists, and others were used to estimate input-output 

relationships and prices. Based on these empirical data, total cost functions 

were estimated from which unit cost curves were derived (13), Equations 

4-8 are used to illustrate the process of estimating the cost functions. 

C. b. + a. X 
l l l 

T. a. + bi/X l l 

L. f. (X) 
l l 

TR . (P*Y*X - L.)/X 
l l 

TCi Ti/TR. 
l 

where: i = a specific machinery combination, X = number of acres, C. = 
l 

total cost of producing X acres with the ith combination , b. = fixed costs 
l 

for the ith combination, a. = variable cost s for the ith combination, T. = 
l l 

(4) 

(5) 

(6) 

(7) 

(8) 

average total cost f o r the ith combination, L . 
l 

X acres with the ith machinery combination, f . 
l 

untimeliness loss for farming 

unspecified functional form 
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which relates X to a dollar value of untimeliness loss for the ith 

operation, TRi = total revenue per acre for the ith operation, P = output 

prices, Y = yield with no untimeliness losses, and TC. = dollar cost per 
l 

dollar of crop product (land rent not included). 

The cost functions and cost curves presented in the next chapter do 

not include a land rent in the calculation of total costs. In the following 

chapter, however, budgeting results are presented with land rent included in 

total costs. 

Short-run and long-run cost curves 

The relationship between proportionality of factor combinations, unit 

costs of production, and the optimum size of firm, either in a minimum cost 

or maximum profit sense, is best explored through ~ oncepts of long-run and 

short-run cost curves. Short-run refers to a cost structure and time period 

in which some factors are fixed in quantity and form. The term long-run 

refers to the cost possibilities which face a producing unit over a period 

of time long enough that no factors need be considered fixed (10, p. 364). 

From the estimated cost functions, short-run cost curves can be derived 

to indicate the relationship between average total cost and farm size
1 

with 

the current machinery technology. For single season planning short-run 

cost curves can b e used to demonstrate the minimum average cost for each 

machine r y combination a nd th e c r op a c r e ages necess a r y to attain that minimum 

1In this report, farm size and crop-acres are used interchangeably. 
Since we assumed all c rop-acres are harvested, crop-acres actually mean 
harvested crop-acres. 
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unit cost. Long-run cost curves i ndicate the farm size and machinery 

combinations necessary to a tta i n the major cost e conomies available when 

multi-season planning decisions are ma de . 

In addition to farm size and machinery combinations, other factors 

such as price levels and row width also c an affect the unit cost and pro

fitability of production. In this analysis, therefore, we a lso consider 

the effec ts of thes e factors. Table 4 outlines the combinations of cropping 

systems, row width, and price levels for which cost functions are detailed 

in this report. 

Table 4. Combinations of cropping systems, row width, and price levels 
for which cost functions are developed. 

No. 

1 
2 
3 
4 
5 
6 

Combinations 

Current cropping systems, 40" row, 1971-73 prices 
Current cropping system, 30" row, 1971-73 prices 
Continuous corn cropping system, 40" row, 1971-73 prices 
Continuous corn cropping system, 30" row, 1971-73 prices 
Current cropping system, 40" row, 1973 prices 
Current cropping system, 30" row, 1973 prices 

BUDGETING RESULTS 

This section presents the r esults for the budgeting analys is, i.e., 

the cost structure s f o r the var i ous f arm sizes and condit i ons. The cos t 

func tions estimated under the specific situations are presented first. 

Then the s hort-run and long-run cost curve s derived from these functions 

are detailed. Cost fun c tions are estimated for each of the five selected 

machine r y combinations for ac r eage s ranging from 160 to 1280 acres. 
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Because of length consideration, only two of the s ix combinations in Table 

4 are discussed in this section. A later s ection of the r eport, however, 

will compare the six combinations. In this section detailed analysis of 

cost curves are presented for combinations 1 and 2 of Table 4. Similar 

detail for the other four combinations is available in (4). 

The cost functions and cost curves presented in this section do not 

include land costs. Omission of a land charge from the total costs does not 

greatly change the curvatures and relative positions o f these cost curves. 

Although land costs are not considered in the derivations in this section, 

the term total cost will be used. 

Cost Structures for 40" Rows 

Short-run total costs have two components, total fi xed cost and total 

variable cost. The greatest cost advantage for larger acreages arises as 

the proportions of resources are changed and total fixed costs are spread 

over a greater output. For any given set of machinery combinations, an 

increase in the acreage operated causes per acre cost to decline (assuming 

no loss due to untimely operations). Because a major portion of total cost 

is fixed, total cost per acre declines as more a c res are operated even if 

the variable cos t of fertili zer, seed, trac tor fuel and labor a re constant. 

Short-run average t o tal cost per acre 

Average pe r a c r e costs f or selected 40"-row machi nery comb i nations, 

based on the current c r opping system and no c rop loss pena lties, are pre

s ent ed in Table 5 and Figure 3. 1 Since pe r-ac r e variable cos ts are dif fe r ent 

1The r ema inde r of t his sec t ion r efers only t o 40"-row machine r y com
bina t ions based on t he curren t cropp i ng s ystem a nd 1971- 73 ave r age prices . 
To save space, the r efo r e, that entire phrase may not a l ways be us e d. 



Table 5. Average total cost per acre for selected 40 11 -row machinery combinations 
based on the current cropping system and no crop loss penalties. 

Machinery combination 

4-40 11 6-4011 8-4011 4-4011 4-4011 

4-4011 6-4011 

-
Total fixed cost $ 7 ,072.00 $ 9,404.00 $10,942.00 $13,177.00 $15,492,00 

Per-acre variable cost 
for corn $54,97 $51.83 $50, 62 $54,97 $53,39 
for soybeans 38.44 36 . 37 35,74 38.44 37, 41 N 

22 .85 22.46 °' for oats 23.30 23.30 23.07 
for hay 51.84 51 .84 51.84 51.84 51.84 
combined variable 46.65 44.19 43.28 46.65 45.41 cost 

crop-acres Average total cost ~er acre 
160 $90.85 $102.96 $111. 66 $129,00 $142.23 
320 68.75 73, 57 77.47 87.82 93.82 
480 61,38 63,78 66 .07 74 .10 77 . 68 
640 57,70 58. 88 60,37 67 .23 69, 61 
800 55,49 55,94 56, 95 63.12 64. 77 
960 54.01 53,98 54,67 60,37 61,54 

1120 52,96 52. 59 53.04 58.41 59.24 

'"Tl DOLLAR PER ACRE 
I-'· ...... ...... ...... ...... ...... ...... 

()Q 

.:: 
.,,. V'I C7I ....... CP l,O 0 ...... N w .,,. V'I 

>-J 0 0 0 0 0 0 0 0 0 0 0 0 

(1) 0 

w I C7I .,,. 
I I .,,. .,,. 

() >-J ► ~~ 
0 0 

>-J O<: 
= = 

0 :t:: (1) CP 
'd >-J 0 

'd :3 p, 
I-'· p, ()Q 
::i () (1) 

()Q :::i-' 
I-'• CT w 

(/) ::i 0 N 
'<: (1) CT 0 (/) >-J p, 

.,,. 
CT'<: f-J 

I I 

(1) 
.,,. .,,. 

:3 () () 0 0 
= = 

0 0 
p, :3 (/) "'" 

. . N 

::, a' CT n CX> " 
0, I-'· :x, 0 

.,,. C7I 

::i 'd 0 
I I 

::i p, (1) ,:, 
.,,. .,,. 

0 CT >-J 
0 0 

I-'· > = = 
() 0 p, n 
>-J ::i () :x, C7I 
0 (/) >-J ,..., "'" 'd (1) V, 0 

a' 
f-J p, Hi 
0 Ul 0 
(/) (1) >-J 
(/) 0, CP 

(/) 

'd O (1) 
0 

(1) ::i f-J 0 

::i (1) 

p, CT o 
f-J :::i-' CT 
CT CD (1) 
I-'- 0, ID 
(1) () (71 

(/),::; + 0 
>-J 0 
>-J = 
(1) I 
::i 
CT ...... 

N 
0 



28 

f Ybeans oats and hay, a combined variable cost per acre was or corn, so , 

calculated according to the percentage of each crop's acreage specified in 

the current cropping system. The larger the machinery capacity, the lower 

the per acre variable cost. Per acre variable costs are $46.65 , $44.19, 

and $43.28, for the 4-40", 6-40", and 8-40" combinations, respectively 

(Table 5). Larger machinery capacity results in lower labor requirements 

but higher fixed costs. Labor costs per acre are $9.46, $6.90, and $5.40 

for 4-row, 6-row, and 8-row machinery combinations, respectively (Table A-15). 

Figure 3 indicates that average total cost per acre declines sharply as 

crop acres increase. For the 4-40" machinery combination, average total cost 

per acre decreases from $90.85 at 160 acres to $61.38 at 480 acres. This 

characteristic of declining expense per acre also holds true for all other 

machinery combinations examined. 

An important point dealing with the cost advantages of farms of different 

size is that the average total cost curves tend to "flatten out." For 

example, after farm size for the 6-40" machinery combination attains 640 

acres, cost per acre declines only slightly as size is increased to 1,120 acres. 

The per acre cost curves flatten out when the main advantages of spreading 

fixed costs have been attained. The curves become nearly flat when most 

costs are of a variable nature and total costs per acre cannot be lowered by 

a great percentage as acreage is expanded further. For each machinery com

bination with the current cropping system, a farm with 640 acres has a great 

cost advantage over one with 320 acres, but gains relatively little if it 

expands to 1,120 acres (even without untimeliness losses). 
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Among all 40"-row machinery combinations, Figure 3 indicates that the 

4-40" machinery combination is, cost-wise, most efficient for less than 

880 acres. Other machinery combinations have a higher total average cost 

per acre. However, other important factors such as physical output per 

Untl.·mel1.'ness of field operations and the prices of farm acre, losses due to 

product are not considered in the derivation of Figure 3. When these 

factors are considered, the cost curves which describe the per unit cost and 

farm size for all selected machinery combinations provide more practical 

information for making machinery decisions. 

Cost and revenue per acre when untimeliness losses are introduced 

Figure 3 relates cost per acre to the number of crop-acres when land 

d f each machl.·nery combination. ' In this formulation, acreage is varie or 

bi · · f1.'xed and the amount of land, labor, tractor the machinery com nation 1.s 

fuel, and seed is variable. Per acre costs decline as long as more acres 

are operated with one set of machinery because variable costs are constant 

and machinery costs per acre decline with more acres. However, an infinite 

t b Operated Wl..th one size of machinery without number of acres canno e 

lowering yields. 
As more ac res are farmed; planting, cultivating, and 

for Corn and Soybeans stretches over a longer period. harvesting time 
Even 

t t as more acres are operated, a though variable costs per acre are cons an 

Yl.'elds will cause variable costs per unit of product decline in per acre 

to increase. Total cost per unit will then increase as soon as the increase 

in variable cost is greater than the decline in fixed cost, even though the 

may Stl.·11 be declining as more a cres are operated. total cost per acre 

vr 10\/~ A SIA1£ LIBRA · 1 V'-'· . , . -· ' 

· i;:J' . teal Bu1lei ing 
lli9 Jl()INES, toWA 50319 
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Output and total revenue are ignored in the construct ion of Figure 3, 

thus implicitly assuming that output and total revenue per acre are constant. 

However for any given se t of machinery, output and total revenue per acre are 

not constant when the losses because of untimeliness of field operations are 

introduced. For example, average revenue declines sharply after farm size 

reaches 640 acres with the 6- 40" combination (Figure 4). Hence in order to 

examine the cost economies of farm size and machinery combinations, total 

cost, total revenue, and acreage must be considered in one figure. In the 

rest of this section, the cost curves will be presented with the ratio of 

average total cost to average total revenue on the vertical axis and crop 

acreage on the horizontal axis. 

Short-run average total cost per dollar of crop product 

The cost functions (without land costs) estimated for the five 

selected machinery combinations considered are: 

TC4-40" 46.7(185.9 0.0793X)-l + 7,072.0(185.9X 0.0793X2)-l 

TC6-40" 44.2(167.9 0.0271X)-l + 9,404.0(167.9X 0.0271X2)-l 

TC8-40" 43 . 3(178.0 - 0.0439X)-l + 10,942.0(178.0X - 0.0439X2)-l 

(11) 

(12) 

(13) 

TC4-40",4-40" 

TC4-40",6-40" 

46 .7 (167.8 

45.4(164.5 

0.0182X)-l + 13,177.0(167 . GX - 0.01D2X2)-l (14) 

0.0114X)-l + 15,492.0(164.5X - 0.0114X2)-l (15) 

The average costs of producing $1 of crop product for the 40" machinery 

combinations, the current c r opping system, and 1971-73 prices are presented 

in Table 6 and Figure 5. For 40"-row spacing, yields per acre are 110.6, 

88 . 4, and 42.2 bushels for corn, oats, and soybeans, respec tively and 4.57 
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Table 6 . Average costs of producing $1 worth of crop 
product for selected 40" -row machinery com
binations , the current cropping s y stem, and 
1971- 73 prices 

Crop Machine r y combination 
4-40 11 acres 4-40" 6-40 11 8-40 11 

4-40 11 

80 $ .849 $ 1.017 $ 1.132 $ 1.329 
160 .571 . 647 . 702 .811 

320 .435 .464 .488 .552 
480 .401 .407 .421 .466 
640 .435 .393 .390 .426 
800 . 510 .417 .382 .402 

960 .471 .395 .396 
1120 .435 .407 
1280 .427 

Table 7. Untimeliness losses in dollars per acre for 

4-40 11 

6-40" 

$ 1.503 
.894 
. 590 
.489 

.439 

.411 

.397 

.398 

.409 

selected 40"-row machinery combinations with the 
current cropping system and 1971-73 pri ces 

Crop Machinery combination 
acre s 4-4011 6- 4011 8-4011 4-4011 4-4011 

4-40 11 6-40" 

160 $0.0 $0.0 $0.0 $0.0 $0.0 

320 1.1 0. 7 0.5 o.o 0.0 
480 6 .4 2 . 6 2 .3 0 .2 0.1 
640 26 .5 9,4 4.5 1.1 0.8 

800 50. 5 25. 2 10.4 2 . 2 1.8 

%0 44. 6 20.8 6 , 9 4.2 
1120 16 . 1 10.l 

1280 25.9 18. 7 
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tons for hay (Table 1). Under 1971-73 prices, prices per bushel are $1.38, 

$0.77, and $4.23 for corn, oat s , and soybeans, r espectively, and $22.70 per 

ton for hay. Thus, with no losses because of untimeliness , total revenue 

per acre is $159.10 for the current cropping system. However, untimeliness 

losses occur when field operations are performed in suboptimal time periods. 

Untimeliness losses for the selected 40"-row machinery combinations are pre-

sented in Table 7. 

The average cost curves in Figure 5 are U-shaped, passing through 

stages of decreasing, constant and increasing cost. After the minimum cost 

acreage has been attained, the losses from untimeliness more than offset the 

decline in average fixed costs causing the average cost curves to turn upward. 

For given machinery combinations, Figure 5 indicates that average 

costs vary with crop acres. For the 4-40" machinery combination, for example, 

average costs are $0.40 and $0.57 per dollar of output when farm size is 480 

and 160 acres, respectively. With the 4-40" machinery combination, a farm 

size of 480 acres is the most efficient resource combination, since the 

average cost with the 4-40" machinery combination is at a minimum with 480 

crop acres. When acreage expands beyond 480 acres, however, the average cost 

curve for the 4-40" combination turns upward because of the increasing untime-

liness losses. Even though 480 acres is most efficient, Table 7 indicates 

that the untimeliness loss for the 4-40" machinery combination is $6.40 per 

acre at 480 acres. This result implies that a farmer should expand his farm 

size beyond the point where no untimeliness losses occur for the complement 

of machinery. For example, no untimeliness losses are estimated for the 
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4-40" combination at the 160 acre size. But per acre fixed costs for this 

machinery complement at 160 acres are almost $30 higher than at 480 acres. 

Therefore, the $6.40 untimeliness loss at 480 acres is more than offset by 

the reduction in average fixed cost attained by operating more acres, thus 

increasing profit. 

Table 8 indicates that the 4-40" machinery combination is, costwise, 

most efficient for a farm of less than 480 acres. The higher average variable 

cost of the 4-40" machinery combination is more than offset by its lower 

average fixed cost for less than 480 acres . Beyond 480 acres, however, 

average costs for the 4-40" combination increase sharply as its advantage 

in decreasing fixed costs is canceled by rapidly increasing untimeliness 

losses. 

Table 8. Cost per dollar of crop product for selected 4011
-

row machinery combinations with the current 
cropping system and 1971-73 prices 

Range in Minimum Minimum Machinery acreage with average average combination lowest average cost cost total costs acreage 

4--4011 0-500 480 $.40 

6-4011 500-580 640 .39 
8-4-011 580-990 800 .38 
4-40 11 4-4011 

' 
none 960 .40 

4--4-0" 6-40 11 

' 
990-1280 960 .40 

The 6-40" machinery combination has a larger field capacity than the 

4-40" machinery combination and is estimated to be the most efficient 

machine ry combina tion between 500 and 580 acres. The 6-40" combination 
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attains its minimum average cost, $0.39, at 640 crop acres, 160 acres 

larger than for the 4-40" machinery combination and 64 acres greater than 

the upper acreage for which this machinery combination had the lowest 

per unit cost. 

When crop acres vary between 580 and 990, the 8-40" machinery combination 

has the lowest average total costs among all machinery combinations. This 

combination requires 800 crop acres to achieve its minimum average cost of 

$0.38. 

The 4-40", 4-40" machinery combination contains the identical 

machines as does the 4-40" combination. The difference between these two 

alternatives is that the former contains twice as many of the major field 

machines as contained in the latter. Table 8 indicates that the 4-40", 

4-40" machinery combination does not give the lowest per unit cost for any 

of the acreages considered. Although the 4-40", 4-40" combination attains 

a minimum average cost of $0.40 at 960 crop acres, the 8-40" combination is 

slightly more efficient at this acreage. 

The 4-40", 6-40" combination combines the major field machines contained 

in the 4-40" and 6-40" combinations. This machinery complement has the 

largest machinery capacity of the five combinations considered. When crop 

acreage is greater than 990 acres, the 4-40", 6-40" combination results in 

the lowest average total cost. The minimum average cost for this combination, 

$0.40, is attained at 1,100 crop acres. 

Although the average cost curves for all five machinery combinations 

are U-shaped (as shown in Figure 5), the curve is wider (the shape is 
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"flatter") for machinery combinations with larger capacities. This 

"flatness" arises because untimeliness losses increase at a slower rate 

when machinery capacities are larger. Thus, the average cost curve for 

the 4-40" combination turns upward more rapidly than for the 8-40" com

bination after their respective minimum average costs are attained. Since 

in the short run machinery combinations are fixed, this is one advantage of 

a larger machinery combination over a smaller one. 

Costs and returns by scale of operations 

The cost and net income advantages for the alternative 40"-row 

machinery combinations, at each combination's minimum average cost acreage, 

are presented in Table 9. The minimum average cost is $0.40 for the 

4-40" and $0.39 for the 6-40" combinations at 480 an'd 640 acres, respectively. 

Total revenue per acre after untimeliness losses for the 4-40" and 6-40" 

combinations is $152.70 and $149.70, respectively, at these acreages. Thus 

at 640 acres, the 6-40" combination has a $2.70 cost advantage per acre over 

the 4-40" combination, a rather small advantage. This statement also 

applies for the 8-40" combination at 800 acres. But the total cost advantage 

for the 6-40" combination at 640 acres is $1,728 over the 4-40" combination.
1 

Similarly, the 8-40" combination at 800 crop acres has a $3,664 cost 

advantage over the 4-40" combination. 

Net farm income can increase with scale of operation in two ways: 

(1) from lower per acre costs as productive factors are combined more 

economically and fixed costs are spread over a greater output, and (2) from 

1This concept of cost advantage assumes that t he only justification 
for farm-size expansion would be gain the $2.70 cost differen tial between 
the 4 and 6 row systems. 
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greater volume alone, even if costs remain constant. This last phenomena 

holds true even if output were pushed beyond the minimum cost situation, 

as long as the addition to cost is less than the addition to income (9, 

p. 172). 

Although the first of these reasons can contribute to farm-size 

expansion, the data of Table 9 illustrate that the second factor far out

weighs the first in terms of net income gains to the farmer. As can be 

seen t in Table 9, each machinery combination has a greater net income than 

tha t of the immediately smaller machinery combination. In every case, the 

increase in net income due to volume alone is much greater than that due to 

lower costs alone. 

These data suggest several important relationships. The first is 

that income can be increased somewhat on the small unit through cooperative 

use of machinery and equipment or through custom operations. Such practices 

tend to spread certain fixed costs over a greater output and divide the 

total among several farms. Also, the development of smaller machines and 

power units which could cut down on overhead costs represent another 

possibility for increasing income on the small unit. Much more, however, can 

be added to the farmer's income by increasing his scale of operation. 

Although the two go hand in hand within a certain range of farm s i ze, lower 

per unit costs may not be as important a s greater volume in explaining 

further expansion of farming operations. 

Long-run average total cost per dolla r of c rop produc t 

With a given machine r y comb i na tion, scal e economies can be r ealized, 

in the short-run, by moving forwa rd or backwa rd a l ong a particula r cost 
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curve in Fi gure 5 unt il min imum average cost i s attained. In the long-run, 

however , all inputs, including the machinery combination, are variable. 

Thus, one advantage of larger acreages is that, in the l ong- run, the farmer 

is able to shift to a machinery combination with a l a rger power unit and 

more effective field capacity. 

The long-run average cost curve, or envelope curve, for 40"-row 

mac hi nery combinations is presented in Figure 6. 1 It provides estimates of 

the cost economies that c an be ach ieved when both crop acreages and machiner y 

combinations are considered variable. Figure 6 i ndicates tha t the acreage 

of minimum long-run average cos t is approximately 800 crop acres. Thus, 

when all resource inputs are variable (with the resource prices assumed), a 

farm of 800 acres with the 8- 40" machinery combination could survive at the 

l owest product prices. 

Although minimum cos t is attained with 800 acres, between 460 and 

1 ,180 ac r es, long- run average cost varies by only 5 percent from that 

minimum cost . For this acreage range , ther efore, average cos t s are essen

tially constan t . Hence, the 4-40"; 6- 40"; 8-40"; 4- 40" ; 4-40"; 4- 40"; and 

6-40" machinery combinations are almost equally efficient at their minimum 

cost ac r eages and could be util i zed to achieve the major share of the cos t 

economies curr ent ly available. 

Cost Structures fo r 30" Rows 

Shor t - run average total cost per dol l a r of crop products 

In the previous section, all cost relationships were developed for 40" 

row machinery combinations . In recent years, however, 30"-row machinery 

1 The long-run average cost curve is determined by choosing the least-
cost machinery combination for all the farm-sizes of Figure 4 . 
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combinations have become more popular. The justif ication for an increased 

usage of the 30"- row spacing is the possibility of highe r per acre yields 

for corn and soybeans. Because of this shift, we a lso examine the cost 

relationships for 30"-row machinery combinat ions .
1 

The total purchase cost of the 30" machinery complements conside red 

ranges from $49,990 f or the 4-30" combination t o $109,171 for the 4-30", 

6-30" combination. The total purchase cost is approximately $1,000 less 

for 30"-row than 40"-row for all machinery combinations, except for the 8-row 

combination. In the 8-40" combination, the 6-40" corn head is substituted 

for the 8-40" corn head because the latter does not exist in the current 

market. However, the 8-30" corn head does appear in the 8-30" machinery 

combination but the price of the 8-30" corn head is about $1,700 higher than 

the 6-40" corn head. Thus, the purchase cost for the 8-30" combination is 

$79,237, $354 higher than for the 8-40" combination (see Tab l es A-2--A-6). 

Although the 30"-row combinations have slightly smaller total fixed 

costs than the 40"-row combinations, per acre variable costs are higher be

cause greater variable costs (seed, insecticide, fertilizer and labor) are 

incurred. Therefore, average total costs per acre are higher for the 30" 

combinations than for the 40" combinations. For example, average total costs 

per acre are $71.20, $75.60, and $78.80 for the 4-30", 6-30", and 8-30" 

combinations, respectively at a f a rm size of 320 crop acres (Table 10). With 

the same farm size, average per acre costs are $68.75, $73.57, and $77.47 for 

the 4-40", 6-40" and 8-40" machinery combinations, respectively. 

1As in the previous section, we will not repeat the phrase; current croppi 
system, 30"-row machinery combinations and 1971-73 prices at all times. 
This section deals only with that situation, however. 
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With no cro p l osses and 30"-rows, yields a r e estimated to be 116 . 1, 

88.4, and 46.8 bushels fo r corn, oats, and soybeans, r espectively , and 4.57 

tons for hay . Using 1971-73 prices , total revenue per acre i s estimated 

to be $171 when no c rop losses occur. Ho f f · wever, a ter arm s i ze is expanded 

beyond the optimal capacity of each machinery combination, untimeliness 

losses will occur. Per acre untimeliness losses for the selected 30" 

machinery combinations are presented in Table 11. 

Table 11. 

Crop 
acres 

160 

320 
480 
640 
800 

960 
1120 
1280 

Untimeliness losse s in dollars per a cre for 
selected 30"-row machinery combinations with 
the current cropping system and 1971-73 prices 

Machinery combination 

4-30" 6-30" 4-30" 4-30" 8-30" 4-30" 6- 3011 

$ o.o $ o.o $ o.o $ o.o $ o.o 

3.1 o.8 0.5 o.o o.o 

27 . 5 4.9 2.1 o.4 0.2 

52, 6 21.3 6.9 3.0 1.0 

76 . 6 40.7 13.0 10.5 3.3 
66 .0 37,2 21.9 7,5 

59,7 36,9 20.0 

The cost functions es timated for selected 30"-row machinery combinations 

are: 

TC4-30" 

TC6-30" 

TC8-30" 

49.7(217.5 

46.8(192.7 

45.8(203.4 

0.1546X)-l + 6,899.0(217.5X - 0.1546x2)-l 

0.0640X)-l + 9,216.0(192.7X - 0.0640x2)-l 

0.0727X)-l + 10,578,0(203.4X - 0.0727X2)-l 

(16) 

(17) 

(18) 

45 

Figure 7 present s estimates of the aver age cost of producing $1 worth 

of crop produc t for selected 30"-row machinery combinations. The average 

cost curves of Figure 7 indicate that the 4-30" mach inery combination is 

the most efficient combination when the crop acreage is less than 380. 

With a size between 380 and 500 acres, however, the 6-30" machinery combi

nation achieves lowest average total costs. And when acreage expands from 

500 to 880 acres, the 8-30" machinery combination has the cost advantage 

over the other combinations. Beyond 880 crop acres, the 4-30", 6-30" 

combination results in the grea test cost economies. As estimated for 

the 4-40", 4-40" combination, the 4-30", 4-30" combination never has 

the lowest average total cost. 

The acreage at which the minimum average cost (Table 12) is attained 

varies for the different machinery combinations. These least-cost acreages 

are 320, 480, and 800 acres for the 4-30", 6-30", and 8-30" combinations, 

respectively. Although minimum average cost for the 4-30", 6-30" combination 

Table 12. Cost per dollar of crop product for selected 
30"-row machinery combinations with current 
cropping system and 1971-73 prices 

Range in Minimum Minimum 
Machinery acreage with average 

combination lowest ave r age co st 
average 
cost 

total costs acreage 

4- 30 11 0-380 320 $0.42 

(, - 30" 380-500 480 o.4o 

8- 30 11 500-800 800 0.37 

lt-30" ,4-30 11 none 800 o.41 

4- 30", S-30" 800-11 20 960 0.39 
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4-30" 
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CROP ACRES 

Average cos t s of producing $1 worth of crop 
p~oduct for s elected 30"-row machinery combina
tions based on the current cropping system and 
1971 - 73 prices. 
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($0.39) is similar to that of the 6-30" combination ($0.40), the crop 

acres which are required to a ttain these minimum average costs are 480 

acres for the 6- 30" combination as compared to 960 acres for the 4-30", 

6-30" combination. We conclude, therefore, that in terms of pure cost 

economies of farm size and machinery combinat i ons alone, the 6-30" com-

bina tion at 480 c r op acres can compete efficiently with the 4-30", 

6-30" combina t ion a t 960 crop acr es . Of course, in terms of net farm 

income, the larger system is much more profitable because of its greater 

volume. With the current cropping system and 19 71- 73 prices, Table 12 

also indicates tha t the 8-30" machinery combination at 800 crop acres 

has the lowest minimum average cost of all the 30"-row machinery combina-

tions cons i dered. 

Long-run average t otal cos t per dollar of crop product 

The long-run average cost curve for the selected 30" machinery 

combinat ions is presented in Figure 8. It indicates that the acreage of 

minimum average cos t for 30"-row combina tions is appr oxima t ely 800 crop 

acres . Be tween 440 and 1,020 acres, however, unit cos t varies by less 

than 5 percent from that minimum cost and can be considered approxima tely 

constant throughout this r ange. With 30"-row machinery combinations, 

the maj or share of the cost economies can be achieved with three combi

nation s of land and machinery: (a) the 6-30" combination with 440-500 

acres of cropland, (b) the 8-30" combination with 500-880 acres of cropland 

and (c) the 4-30", 6-30" comb ination with 880-1, 020 acres of cropland . 
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Long-r un average cost curve for selected 30"
row machinery combinations based on the current 
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COMPARISON OF RESULTS 

The position and shape of both the short-run and long-run cost curves 

presented in the previous section are estimated for a specific cropping 

system, price level and machinery combination. In this section, budgeting 

results under different specifications are presented and compared. When 

land rent is included in the total cost, the cost curves are also affected. 

Therefore, effects of land rent on the cost curves are also examined in 

this section. 

Factors Affecting the Cost Function 

The major budgeting results for the different situations considered 

are presented in Tables 13 and 14. Table 13 presents comparisons of minimum 

per unit cost for selected machinery combinations with two cropping systems 

Table 13. Comparisons of minimum per unit cost (per $1 of output) for 
selected machinery combinations for two cropping systems and 
two price levels. 

Minimum cost MinimUI11 average cost 
acreage current crOEEing system continuous corn Machinery 

combination current contin- 1971-73 1973 1971-73 

4-40" 
6-40" 
8-40" 
4-40",4-40" 
4-40",6-40" 

4-30" 
6-30" 
8-30" 
4-30",4-30" 
4-30",6-30" 

cropping 
system 

480 
640 
800 
960 
960 

320 
480 
800 
800 
960 

uous 
corn 

480 
480 
640 
800 
960 

320 
480 
480 
640 
800 

prices prices prices 

$0.40 $0.29 $0.49 
0.39 0.28 0.47 
0.38 0.27 0.46 
0.40 0.28 0.49 
0.40 0.28 0.48 

$0 .4 2 $0.30 $0.53 
0.40 0.28 0.49 
0.37 0.37 0.48 
0.41 0. 27 0.53 
0.39 0.28 0.51 



so 

and two pric e leve l s . In the short-run, machinery investment is fixed 

and there is a specific cr op acreage required to attain the minimum avera ge 

cost for that par t icular combina tions. Table 13 provides the short-run 

minimum- cos t acreages for all selected machinery combinations. 

Table 14 presents the sel ec t ed machinery combinations and crop 

acreages necessary to achieve unit cos ts within 5 and 10 percent of the 

minimum unit cost f or two cropping systems and two price l evels. Thus, 

Table 14 prov ides long-run comparisons for various factors which affect 

the efficiency of resource combinations. 

Cropping system 

The cost curves for selected machinery combinations have been derived 

for both the current and the continuous corn cropping systems . Table 13 

indicates that changing from the current cropping system to the continuous 

corn affects the cost curves in two ways. First, the minimum average cost 

is increased by 8 to 12 cents per dollar output for each machine ry combination 

(using 1971-73 prices ). Secondly, the crop acreage necessary to attain 

minimum unit costs is r educed for some of the combinations. For example, 

the acreage associated with minimum cost declines from 640 acres to 480 a cres 

for the 6-40" combination and from 800 acres to 480 acres for the 8-30" com

bination. In contrast, the acreage for the 4-40" combination remains at 480 

acres and that for the 4-30" combination remains at 320 acres when the cropping 

system is changed to continuous corn. 

Long-run average costs for both 40"-row and 30"-row machinery combinations 

are also affected by changes in the c ropping sys tem. Table 14 indicates 
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that the crop acrea ge necessary to achieve unit costs within 5 percent of 

minimum unit cos t is reduced from the range of 460-1,180 acres t o a range 

of 360-1,080 ac r es for the 40"-row combinations . Similarly t he range of 

nearly constant minimum costs i s reduced from 460-1,020 acres t o a range 

of 340-900 acres for 30" r.ow combinations. 

The machinery combinations required to attain constant unit costs 

remain the same when the cropping system is changed. For 40"-row combi

nations, four sets of combinations (4-40", 6-40", 8-40" and 4-40", 6-40") 

can be used to achieve major cost economies. For 30"-row combinations, 

only three s ets of combinations (6-30", 8-30", and 4-30", 6-30") can be 

used to realize the main benefits of cost advantages. 

Comparison between the current and the continuous cropping systems 

with resp ec t to land and management returns, at the prices used are in-

eluded in Table 15. For each machinery combination, fixed costs for the 

continuous cropping system are less than for the current system because 

machines specific to the hay, oats, and soybeans enterprises are not required 

Table 15. Estimates of returns to land and management for the continuous 
and current cropping systems. 

Current c ropping Continuous cropping 
system system 

Minimum cost Returns to Minimum cost Returns to 
acreage land and acreage land and 

Machinery management management 

combination ($/ac.) ($/ac.) 

4-40" 480 91. 32 480 68.95 

6-40" 640 90.82 480 75.57 

8-40" 800 91. 75 640 74.90 

4-40",4-40" 960 91. 82 800 72. 75 

4-40",6-40" 960 93.36 960 72.26 
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for the former. Variable costs, however, are higher under the continuous 

cropping system because commodities other than corn in the current system 

have lower per acre variable outlays than does corn. Table 15 shows reduced 

per acre returns to land and management for the continuous system as com-

pared to the current cropping system. These reductions range from $15 to 

$22 per acre for the five machinery combinations. With the current cropping 

system, major pieces of equipment, such as tractors, tillage equipment, 

and combines (except for the platform head), can be used for greater periods 

of time over the different c rops without extremely large untimeliness 

losses. These results, plus the opportunity to spread price risk over 

two crops, help explain why soybeans is a popular crop and are planted 

on about a third of the acreage in the area (17, 18). 

Output price changes 

Two price levels, 1971-73 prices and 1973 prices, have been used in 

the construction of the cost curves for the selected machinery combinations. 
1 

However, the same input prices are used for both price levels. Compared to 

1971-73 prices, the data of Table 13 indicate that the minimum average cost 

per $1 of output is 10-12 cents ·lower with 1973 pric es for both 40" and 

30"-row combinations (with the current cropping system). This change in 

price level causes the short-run cost curves to move vertically downward 

and thus changes the position of the cost curves but the shape of the 

1 
The oulput prices used in this study for the 1971-73 average are: 

$1.38 per bushe l for corn, $4.23 per bushel for soybeans, $0.77 per bushel 
for oats, and $2.70 per ton fo r hay, and for the 1973 average are: $1.81 
per bushel for corn, $6 .49 per bushel fo r soybeans, $0.94 per bushel f or 
oa ts, and $25.80 per ton for hay (31,20). 
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curves r emains unchanged. Hence , the c hange in price l evel do es not 

a ffect the c rop a c r eage required t o a ttain the short-run minimum cost for 

each selected machinery combination. 

For the long-run cost curve , however, the crop acreage necessary 

to achieve unit cost within 5 perc ent of minimum cost is slightly reduced 

when the level is changed from 1971-73 to 1973 prices. The long-run cost 

curve moves vertically downward and thus a wide r range of crop acres can 

attain available cost economies . For example, the crop acreage is reduced 

from 460 acres to 430 acres for the 40"-row combinations and reduced from 

440 acres to 420 acres for the 30"-row combinations. Since the crop acreage 

required to achieve the main cost benefits is reduced only by 20-30 acres, 

the machinery combinations used to attain the major cost economies of size 

remain unaltered when the price level is changed . Table 14 indicates that 

the same four sets of 40"-row combinations and the same three sets of 30"-row 

combinations are required to achieve the cost advantages for both the 1971-73 

prices and the 1973 prices. 

40"-row vs. 30"-row machinery combinations 

Since field capacities differ for 40"-row and 30"-row combinations, 

untimeliness losses vary between them. Furthermore, total revenue per 

acre for the 40"-row and 30"-row combinations also varies because of 

differing yield potentials for the two systems. The budgeting results 

of the long-run analysis (summarized in Table 14) indicate that the crop 

acreage required to attain unit costs within 5 percent of minimum cost, 

and thus realize the major cost economies is 20 acres less for 30"-row 
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combinations than for 40"-row combinations based on the current cropping 

system and 1973 prices. 

Another, and possibly more interesting, way to compare the 30"- and 

40"-row combinations is by comparing their effect on profitability of 

production. As noted previously, total revenue per acre is estimated to 

be higher for the narrow-row combinations than for the traditional 40"-row 

situation. Therefore, simply comparing the cost per unit of output does 

not detail the entire differential between the two situations. 

To provide this more complete analysis, Table 16 presents the 

estimated per acre return for various acreages and machinery combinations 

for both the 30"-row and 40"-row specifications. These net returns are 

based on 1971-73 average output pr1.· ces and the · current cropping systems. 

Also, charges for land and management have yet to b~ deducted from the 

return estimates, therefore, these estimates indicate returns to land and 

management for each situation. 

For the 40"-row combinations, the greatest per acre return occurs at 

960 acres with the largest machine combination, the 4-40", 6-40" package. 

Table lb. Estimates of returns to land and management for the 30"- and 
40"-row combinations. 

40"-Row Returns to 30"-Row Returns to 
land and land and 

Machinery management Machinery management 
Acreage combination ($/acre) Acreage combination ($/acre) 

320 4-40" 89.25 320 4-30" 96. 70 
480 4-40" 91. 32 480 6-30" 100.10 
640 6-40" 90.82 640 8-30" 101.83 
800 8-40" 91. 75 800 8-30" 99.03 
960 4-40",4-40" 91.82 800 4-30",4-30" 94.52 
960 4-40",6-40" 93.36 960 4-30",6-30" 99.43 
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For the entire range of acre age s presented, however, per acre r e turns only 

fluctuate by slightly over $4.00 , a result cons istent with the per unit cos t 

results discussed previously. The 30"-~ow combinations display a slightly 

different return pa ttern with greatest per acre returns occurring at 640 

acres and the 8-30" machinery complement, But, similarly to the 40"-row 

combinations, per acre returns vary only by about $7 throughout the range 

of situat ions considered. 

Land rent 

Land rent was not including total cost estimates presented in previous 

sections. In this section, however, land rent consisting of property 

taxes and an interest charge on the price of land is i ncluded in the estimates 

of total cos t . The land rent used is $62.50 per acre (Table A-11). 

The cost functions estimated for the selected 40"-row machinery 

combinations, based on the current cropping system and 1971-73 prices, with 

a charge for land rent included are: 

TC4-40" 109.2(185 . 9 0.0793X)-l + 7,072.0(185.9X 0.0793x2) - l (21) 

TC6-40" 106 . 7(167 . 9 0.0271X)-l + 9,404.0(167 . 9X - 0 . 0271X2) - l (22) 

TC8- 40" 105 . 8(178.0 0.0439X) - l + 10,942 . 0(178.0X - 0.0439X
2

) - l (23) 

TC4- 40",4-40" 109 . 2(167.8 0.0182X) - l + 13,177.0(167.8X - 0.0182X2) - l (24) 

TC4- 40",6-40" 107 . 9(164.5 0.0114X) - l + 15,492.0(164. 5X - 0 . 0114X2) - l (25) 

The comparisons of minimum per unit costs for the selected machinery 

combinations, with and without a charge for land rent in the total costs, are 

presented in Table 17. The minimum average cost for each combination increases 
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in Table 17 . Th · · e minimum average cost for each combination increases 

substantially when land rent is included . Land rents higher than those 

who (e.g . rents at 1975 levels ) would push unit costs even higher. Table 

17 also indicates that the crop acreage necessary to attain the minimum 

cost acreage is reduced for some combinations . 

Table 17. Comparisons of minimum per unit costs for the selected machinery 
combinations based on the current cropping system and 1971-73 
prices with and without a charge for land rent in the total 
cos t s. 

MAchinery Minimum cost acreage for: Minimum average cost 
combination Total cost To t al cost 

with without with without 
land rent land rent land rent land rent 

4- 40" 480 480 $0.81 $0 .40 
6-40" 480 640 0.80 0.39 
8-40" 640 800 0. 79 0.38 
4-40" ,4- 40" 800 960 , 0.80 0.40 
4- 40",6- 40" 960 960 0.80 0.40 

4- 30" 320 320 $0.80 $0 . 42 
6- 30" 480 480 0 . 77 0 .40 
8- 30" 640 800 0 .76 0 . 37 
4- 30",4-30" 640 800 0. 79 0.41 
4-30",6-30" 800 960 0.77 0.39 

This can be explained as follows: As farm size expands, untimeliness 

losses cause land cost per dollar value of crop product to increase and thus 

help to compensate for the decrease in average fixed cost. This causes the 

average cost curve for a machinery combination to turn upward at a lower 

crop acreage when land rent is included in the total cost . 

The long- run cost curve also is affected by land rent . Table L8 

presents the selected machinery combinations and crop acreage necessary to 

achieve unit costs within 5 and 10 percent of minimum unit cost, based on 
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two cropping systems and two price levels with a charge for land rent 

in the total cost. The crop acreage necessary to achieve major cost 

economies shifts from a range of 460-1,180 acres without land rent to 

a range of 340-1,230 acres for the 40"-row combinations based on the 

current cropping system and 1971-73 prices (Tables 14 and 18) when land 

rent is included in the total cost. Similar shifts occur for the other 

situations described in Table 18. Another effect of including a land 

rent in total costs is that machinery combinations required to attain 

major cost economies change slightly. With land rent included, five 

sets of 40"-row combinations and four sets of 30"-row combinations are 

required to attain the major cost economies, as shown in Table 18. 

SUMMARY 

This report was designed (1) to determine per unit cost relationships 

for various machinery combinations and farm situations in north central Iowa 

and (2) to determine the effect of these situations on profitability of 

crop production. Throughout the last four decades, American agriculture has 

been changing rapidly to larger and fewer farms, a smaller work force, greater 

capital inputs and growing commercialization. This report is concerned with 

the present nature and extent of "economies of scale" and their effect upon 

the ongoing trend toward fewer and larger farms. Cost functions are estimated 

for the Clarion-Nicollet-Webster soil association of north central Iowa, 

through a budgeting process for farms of different crop acreages with various 

selected machinery combinations. The selected machinery combinations include 

five sets of more re cent 30"-row machinery combinations as well as five sets 
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of traditiona l 40"-row combinat ions . Both short-run and l ong-run cos t curves 

a r e derived a s a f unc tion of c rop ac r es t o illustra t e the na ture and ext ent of 

cost economies o f f a rm size . The range of crop ac reage conside r ed varies f r om 

160 to 1,280 crop a c r es. Two c ropping systems, the current cropping system 

and a continuous corn cropping system, are considered. In addition, two 

output price levels, 1971-73 average prices and 1973 average prices , are 

used to compare the effect of shifts in output price on farm s i ze and pro

fitability. 

Revenue and yield reductions from untimely field operations are 

estimated for different crop acreages and particular machinery combinations 

based on a specific farm situation. Untimeliness loss is the only factor 

considered in this report which can result in rising average costs and thus 

limit farm size expansion. A high level of management, efficient 

fertilizer use, average weather, a fixed set of field operations for each 

crop, and effective utilization of each machinery combination were assumed 

in budgeting each cost function. 

The study results indicate that a slight reduction in average total 

cost per dollar of crop product can be obtained by utilizing larger machinery 

combinations on larger crop acreages for the 1-man, 1-tractor machinery 

combinations. If crop acreage expands further and 2-man, 2-tractor machinery 

combinations are utilized, average costs per dollar of crop production rise 

slightly. For example, based on 1971-73 prices, if farm size expands from 

480 crop acres and a 4-40" machinery combination to 800 crop acres and a 

8-40" machinery combination, the average total cost per dollar of crop 
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product (with land costs excluded) declines only from $0.40 to $0.38. But 

as farm size expands further to 960 crop acres and a 4-40", 6-40" machinery 

combination, average cost returns to $0.40. Similarly, an expansion of 

farm size from 320 crop acres and the 4-30" machinery combination to 800 

crop acres operated with the 8-30" machinery combination reduces the 

average total cost from $0.42 to $0.37. But again, as farm size expands 

to 960 crop acres and the 4-30", 6-30" machinery combination average total 

cost per dollar value of output rises to $0.39. (The figures cited above 

do not include land rent in total costs.) 

The short-run cost curves suggest that large machinery combinations 

such as the 8-40" combination and the 4-40", 6-40" combination result in 

very high total average costs on small crop acreages. But fixed machinery 

costs can be significantly reduced by utilizing smaller machinery combinations 

on these small farms. Hence, for fewer crop acres, the 4-40" or 4-30" 

machinery combinations have the lowest average total cost. However, excessive 

crop losses due to untimeliness occur for the 4-40" or 4-30" combinations 

when crop acreage expands past 640 or 800 crop acres. Because of these un

timeliness losses, much higher average costs result for smaller machinery 

combinations when crop acreage is expanded beyond 640 crop acres. 

For practical purposes, it was assumed that resource combinations 

achieving a unit cost within 5 percent of minimum cost have attained most 

of the available cost economies of farm size. For 40"-row combinations, 

4, 6, 8, or a 4 and 6 row combination and 460-1,180 crop acres can attain 

the major cost economies available with the current cropping system and 
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1971-7 3 prices. Similarly, f or 30" -row mach i ner y comb ina t ions, 6, 8, or 

a 4 and 6 r ow combina tion and 440-1,020 crop acre s a ttain mo s t of the cost 

economies available. 

Cost functions are considerably dif f erent when cal cula t ed with and 

without land rents. For example , minimum avera ge cost doubles a fter land 

rent is included for the 4-40" machinery combination based on the current 

cropping sys tem and 1971-73 prices. In addition, the minimum acreage 

required t o attain the major co s t economies is reduced f rom a range of 

440-460 crop acres to a range o f 330-340 crop acre s when land rent is 

considered. 

A second variable considered in this study was output price. 

Output prices of the 1971-73 period and those of 1973 alone were compared. 

Although the higher prices of 1973 did not substantially affect the 

scale e conomy factors, these increased prices have a tremendous effect 

on profitability of production. The estimated return to l and and manage

ment averaged $61 per acre higher for the five machinery combinations 

with the increased output price l evels of 1973. These increases in 

residual r e turns , which avera ged about 67 percent, can be translated into 

larger increases in land values--if the higher output prices are assumed 

to continue for a long period of time. 

Recently narrower row widths than the traditional 40" system 

have become more popular for corn and soybean produc tion. Therefore, 

profitability of production for the 40" system was compared with that of 

a 30"-row system. As r egards e conomies of scale, the 30" system generally 
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favorered slightly smaller a creages than the 40" system for the machinery 

combinations considered . Additionally, net r e turns to land and manage

ment were higher for a s pecific machinery combination equipped with 30" 

a s opposed to 40"-row machine ry. 

A major policy implication of the analysis is described by the net 

income data of Table 9. In this table, the incentives for expansion 

(a) reducing unit costs and (b) increasing volume of output, ar e quanti

tatively compared. These comparisons indicate that the advantage for 

farm-size expansion relates dominately to the latter and only slightly, 

if at all, to the former. This r esult means that society, under currently 

available technologies, is unlikely to benefit greatly through lowered 

food costs, from further farm-siz e expansion. Hence, the major part of 

these benefits will be internalized in the f a rming sector. 



1. 

2. 

3. 

4. 

64 

REFERENCES 

Ball, A. Gordon, and Heady, Earl 0., eds. [Preface] Size, Structure 
and Future of Farms. Ames: The Iowa State University Press, 1972. 

Bowers, Wendell. 
Champaign, Ill. : 

Modern Concepts of Farm Machinery Management. 
Stipes Publishing Company, 1970. 

Castle, Emery N., Manning H. Becker, and Frederic J. Smith. Farm 
Business Management, 2nd Ed . MacMillan Pu9lishing Co., New York, 1972. 

Chan, Yie Lang. Farm Size and Cost Functions in Relation to Machinery 
Technology in North Central Iowa. Unpublished Ph.D. thesis, Library, 
Iowa State University, Ames, Iowa, 1975. 

5. Duncan, E.R. Profitable Corn Production. Iowa Cooperative Extension 
Service Pm-409, 1968. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Edwards, Clark. Budgeting and Programming in Economic Research. 
Methods for Land Economics Research. Edited by W.L. Gibson, Jr., 
R.J. Hildreth, and Gene Wunderlich. Lincoln, Neb.: University of 
Nebraska Press, 1966, pp. 165-189. 

In 

Fenton, T.E., Duncan, E.R., Shrader, W.D., and Dumenil, L.C. 
Productivity Levels of Some Iowa Soils. Iowa Agricultural and Home 
Economics Experiment Station and Cooperative Extension Service Special 
Report No. 66, 1971. 

Frisby, James c. and C.W. Bockhop. Weather and Economics Determine Corn
Production Machinery Systems. Transaction, of the American Society of 
Agricultural Engineers, pp. 61-64, 1968. 

Heady, Earl o. Analysis of Farm Size with Special Reference to Iowa. 
Unpublished Ph.D. thesis , Library, Iowa State University, Ames, Iowa, 

1945. 

Heady, Earl o. Economics of Agricultural Production and Resource Use. 
Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1952. 

Heady , Earl o., and Jensen, H.R. Farm Management Economics. 
Prentice Hall, 1954. 

New York: 

Ronald D. Farm Si.ze and Cost Relationships Heady, Earl O., and Krenz, 
in Relation to Recent Machine Technology. Iowa Agricultural and Home 
Economics Experiment Station Research Bulletin 504, 1962. 

65 

13. Heady, Earl 0., and Gibbons, James R. Cost Economies in Cattle Feeding 
and Combinations for Maximization of Profit and Stability. Iowa 
Agricultural and Home Economics Experiment Station Research Bulletin 
562, 1968. 

14. 

15. 

16. 

17. 

Howell, H.B., and Stoneberg, E.G. Suggested Farm Budgeting Costs and 
Returns, 1974-75 edition. Iowa Cooperative Extension Service FM-1186 
(Rev.), 1973. 

Hunt, Donnell. Farm Power and Machinery Management. 
Ames: Iowa State University Press, 1968. 

Fifth Edition. 

Ihnen, Loren, and Heady, Earl 0. Cost Functions in Relation to Farm 
Size and Machinery Technology in Southern Iowa. Iowa Agricultural 
and Home Economics Experiment Station Research Bulletin 527, 1964. 

Iowa Yearbook of Agriculture, 1960-1961. Des Moines: Iowa State 
Department of Agriculture, State of Iowa, 1962. 

18. Iowa Yearbook of Agriculture, 1970-1971. Des Moines: Iowa State 
Department of Agriculture, 1972. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

Iowa Real Estate Assessment Ratio Study. Des Moines: Iowa State 
Tax Commission, 1971. 

James, Sydney C. Midwest Farm Planning Manual. Third edition. Ames: 
Iowa State University Press, 1973. 

Kepner, R.A., Bainer, Roy, and Barger, E.L. 
Machinery. Second edition. Westport, CT.: 
Company, Inc., 1972. 

Principles of Farm 
The Avi Publishing 

Knott, Oliver A., and Benson, Garren O. Profitable Oat Production. 
Iowa Cooperative Extension Service Pm-297 (Rev.), 1973. 

Krause. Kenneth R. and Leonard R. Kyle. Economic Factors Underlying 
the Incidence of Large Farming Units. American Journal of Agricultural 
Economics, Vol. 52, Dec. 1970. 

Madden, J. Patrick. Economics of Size in Farming. Agricultural 
Economic Report 107, USDA, February, 1967. 

McKee, Dean E. Scale Associated with Decreasing and Increasing Costs 
in Cash Grain Farming. Unpublished M.S. thesis, Library, Iowa State 
University, Ames, Iowa, 1953. 

Midwest Farm Handbook. Seventh edition. 
University Press, 1969. 

Ames, Iowa: Iowa State 



b6 

27. Murray, William, Walker, Larry, and Pritchard, Robert. Land Price 
Increase Largest in Half Century. Iowa Cooperative Extension Service 
FM-1663, 1973. 

28. National Farm Tractor and Implement Blue Book. Valuation Guide. 
Vol. 35, No. 1. Chicago: National Market Report, Inc., 1974. 

29. 1973 Farm Business Summary for North Central Iowa. Iowa Cooperative 
Extension Service FM 1964, 1974. 

30. 

31. 

Oschwald, W.R., Riecken, F.F., Dideriksen 
Schaller, F.W. Principal Soils of Iowa. 
Service Special Report No. 42, 1965. 

Prices of Iowa Farm Products 1930-1973. 
Service, Economic Information 178, 1974. 

R.I., Scholter, W.R., and 
Iowa Cooperative Extension 

Iowa Cooperative Extension 

32. Schwart, R.B. Farm Machinery Economic Decision. Illinois Cooperative 
Extension Service Circular 1065, 1972. 

33. Scott, J.T., Jr., and Cagley, Charles E. The Economics of Machinery 
Choice in Corn Production. Illinois Agricultural Experiment Station 
Bulletin 729, 1968. 

34. Shaw, R.H., and Waite, P.J. The Climate of Iowa, III. Monthly, Crop 
Season and Annual Temperature and Precipitation Normals for Iowa. 
Iowa Agricultural and Home Economics Experiment Station Special Report 
No. 38, 1964. 

35. Sonka, Steven T. and Earl 0. Heady. American Farm Size Structure in 
Relation to Income and Employment Opportunities of Farms, Rural 
Communities, and Other Sectors. Center for Agricultural and Rural 
Development Report No. 48. Iowa State University, Ames, Iowa, 1974. 

36. U.S. Department of Agriculture. Agricultural Statistics, 1974. 
Washington, D.C. 1974. 

37. U.S. Department of Commerce. Bureau of the Census. U.S. Census of 
Agriculture: 1969. Part 16, Vol. 1, Section 2, 1972. 

38. U.S. Soil Conservation Service and Iowa State College Agronomy Department. 
Soil Survey of Statistical Quarter Section Sample, Project 1191. Dept. 
of Agronomy, Iowa State University, Ames, Iowa, 1969. 

39. Voss, Regis D. Guide to Efficient Fertilizer Use. Iowa Cooperative 
Extension Service PM 471, 1969. 

67 

APPENDIX 



68 

Table A-1. Soil composition per 160 acres for the farm situation 
studied. 

New units and 
proposed 
land use 

Cropland 

Pasture 

Waste 

Soil components 
of 

new units 

55-2-0 
95-1-0 

138-3-1 
107-1-0 

6-0-0 
90-0-0 
95-1-0 

Acres 

142.3 
44.7 
16.6 
17.1 
63.9 

13.7 
2.3 
8.0 
3.4 

4.0 

Percent 
of 

total 

89.0 

8.5 

2.5 

Table A-2. Purchase price of the machines included in the 4-row 
combinationa. 

Machines 

Tractor, 4 plow, diesel 
Plow, 4-16" 
Stalk chopper, 12-ft rotary 
Tandem disk, 12' 
Harrow, 20' 
Endgate seeder 
Planter, 4-40" (4-30") 
Rotary hoe, 4-row 
Cultivator, 4-40" (4-30") 
Combine, S.P. 
Platform, 14' 
Corn head, 4-40" (4-30") 
Mower, 7' 
Side delivery rake 
Baler 
Wagon, 200-bu. 
Elevator, 48' 

Total purchase cost 

Average retail price 

$10,356 
1,380 
1,705 
1,265 

345 
172 

1,980 ( 1,980) 
770 

1,295 ( 1,150) 
17,103 
1,385 
5,949 ( 5,715) 

825 
810 

3,025 
880 

1,124 

50,369 (49,990) 

aSources: (28 ) and local farm machinery dealers in Central Iowa. 
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Table A-3. Purchase price for the machines included in the 6-row 
combinationa. 

Machines 

Tractor, 6 plow, diesel 
Plow, 6-16" 
Stalk chopper, 18-ft rotary 
Tandem disk, 18' 
Harrow 30' 
Endgate seeder 
Planter, 6-40" (6-30") 
Rotary hoe, 6-row 
Cultivator, 6-40" (6-30") 
Combine, S.P. 
Platform, 16' 
Corn head, 6-40" (6-30") 
Mower, 7' 
Side delivery rake 
Baler 
Wagon, 300-bu. 
Elevator 

Total purchase cost 

Average retail price 

$14,254 
1,968 
2,705 
2,485 

403 
172 

3,082 ( 2,970) 
1,100 
2,017 ( 1,426) 

22,191 
1,541 
8,324 ( 7,720) 

825 
810 

3,025 
1,320 
1,124 

67,346 (66,039) 

aSources: (28) and local farm machinery dealers in Central Iowa. 

Table A-4. Purchase price of the machines included in the 8-row 
combinationa. 

Machines 

Tractor, 8-plow, diesel 
Plow, 7-16" 
Stalk chopper, 18-ft rotary 
Tandem disk, 24' 
Harrow 30' 
Endgate seeder 
Planter, 8-40" (8-30") 
Potary hoe, 8-row 
Cultivator, 8-40" (8-30") 
Combine, S.P. 
Platform, 18' 
Corn head, 6-40" (8-30") 
Mower, 7' 
Side delivery rake 
Baler 
Wagon, 300-bu. 
Elevato r 

Total purchase cost 

Average retail price 

$18,532 
2,415 
2,705 
3,250 

430 
172 

3,838 3,640) 
1,320 
3,148 ( 1,988) 

25,992 
1,680 
8,324 (10,036) 

825 
810 

3,0?.5 
1,320 
1,124 

78 ,883 (79,237) 

a Source s: , 28) a nd l ocal f a rm machine ry dealers in Central Iowa . 
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Table A-5. Purchase price of the machines included in the 
4--row,4--row combinationa 

Machines 

Tractor, 4- plow, diesel 
Tractor, 4- plow diesel 
Stalk chopper, i 2-ft rotary 
Stalk cho pper, 12-ft rotary 

Plow, 4--16" 
Plow, 1+-l fi " 
Tandem disk 12' 
Tandem disk 12' 

Harrow 30' 
Endgate seeder 
Planter, 4--4-011 (4--30") 
Planter, 4--4-011 (4--30") 

Rotary hoe, 4--row 
Rotary hoe, 4--row 
Cultivator, 4--4-011 (4--30") 
Cultivator, 4--4-011 (4--30") 

Combine, S.P. 
Combine, s.P. 
Platform, 14- 1 

Platform, 14- 1 

Corn head, 4--4-011 
( 4-- 30" ) 

Corn head, 4--4-0 11 (4--30") 
Mower 7' 
Side delivery rake 

Baler 
Wagon, 300-bu 
Elevator 

Total purchase cost 

Average retail price 

$10,356 
10,356 
1,705 
1,705 

1,380 
1,380 
1,265 
1,265 

4-03 
150 

1,980 ( 1,980) 
1,980 ( 1,980) 

770 
770 

1,295 ( 1,150) 
1,295 ( 1,150) 

17,103 
17,103 
1,385 
1,385 

5,94-9 ( 5,715) 
5, 94-9 C 5, 71-5) 

825 
810 

3,025 
1,320 
1,124 

94-,033 (93,275) 

aSources: 
,~ entral Iowa . 

(28) and local farm machinery dealers in 

7l 

Table A-6. Purchase price of machines included in the 
4--row, 6-row combinationa 

Machines 

fractor, 4- plow, diesel 
rractor, 6 plow, diesel 
Plow, 4--16" 
Plow, 6-16" 

Stalk chopper, 12-ft rotary 
Stalk chopperi 18-ft rotary 
Tandem disk, 2 ' 
Tandem disk, 18 1 

Harrow 20 ' 
Harrow 30 1 

Endgate seeder 

Planter, 4--4-0 11 (4--30") 
Planter, 6-4-011 

((, - 30") 
Rotary hoe, 4--row 
Rotary hoe, 6-row 

Cult ivator, 4--4-0 11 
( 4-- 30") 

Cultivator, 6-4-011 (6-30") 
Combine, S.P. 
Combine, S.P. 

Platform, 14- 1 

Platform 1(1' 
Corn head, 4--4-0 11 (4--30") 
Corn head, 6-4-011 

( fi - 3011
) 

Mower ? ' 
Side delivery r ake 
Baler 
Wagon, 300-bu 
Elevator 

Total purchase cost 

Average retail price 

$10,356 
14-, 254-

1,380 
1, 968 

1,705 
2 ,705 
1,265 
2,4-85 

34-5 
4-03 
150 

1,980 ( 1,980) 
3,082 ( 2,970) 

770 
1,100 

1,295 ( 1,150) 
2,017 ( 1,4-26 ) 

17,103 
22,191 

1,385 
1' 54-1 
5,94-9 ( 5,715) 
8,324- ( 7,720) 

825 
810 

3,025 
1,320 
1,124-

110,857 (109,171) 

aSources: (28) and local farm machinery dealers in 
Central I owa. 
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Table A- 8 . Annual total fixed machinery costs of five selected machinery combina-
tions used in current cropping systemsa 

Machinery Depreciation Interest Tax, housing Total combination and insurance 

4-row 3,998 (3,966 ) 1,940 (1,921) 1,134 (1,012) 7,072 ( 6 ,899) 

0: -row 5,295 (5,190) 2,595 (2,541) 1,514 (1,485) 9,404 ( 9,216 ) 

8-row 6 ,129 (5, 747 ) 3 , 0 38 (3, 049) 1, 77 5 (1,782) 10,942 (10,578) 

4-row, 4-row 7 ,443 (7 ,379 ) 3, 619 (3,592) 2 ,ll5 (2,099) 13,177 (13,070 ) 

4-row, 6-row 8,72c cs,590) 4,269 (4,204) 2,497 (2,453) 15,492 (15,247 ) 

aFigures shown in the parentheses are for 30 11 -row combinations. Other figures 
are for 40 11 -row combinations. 

___, 
N 

___, 
c.; 
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Table A-9. Estimated seed and chemical costs per acre for selected 
cropsa . 

Corn Soybeans 

Seed $8.00 7.00 
Fertilizer and lime 19.25 8.50 
Herbicides and insecticides 9.00 6.60 

Total 36.25 22.10 

aSource: (14). 

Table A-10. Fertilizer used on selected soilsa. 

Soil type Corn So;tbeans 
N p K p K 

Clarion 190 44 so 22 17 
Nicollet 190 44 so 22 17 
Webster 200 44 83 22 33 

aSource: (39). 

Table A-11. Estimated land rent per acre . 

Land pricea 
b Interest charge 

Tax chargec 

Land rent 

aSource: (27) . 

blnterest rate of 8 percent. 

Oats 
N p 

60 35 
60 35 
60 35 

Oats Hay 

3.50 7.25 
5.50 7.50 
1.10 .60 

10.10 15.25 

Ha;t 
K p K 

42 18 so 
42 18 so 
75 18 83 

Humboldt farm 

$625.00 

50.00 

12.50 

62.50 

cSource: (19). Assessed value is 27 percent of the land price 
and the tax rate is 73.8 mills per dollar. 
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Table A-12. Prices used in budgeting cost functionsa 

Unit 1971-73 1973 
prices ($) prices ($) 

Corn bu. 1. 38 1.81 
Soybeans bu. 4.23 6 .49 
Oats bu. .77 .94 
Hay ton 22.70 25.80 
Fertilizer, N lb. .09 
Fertilizer, P205 lb. . 08 
Fertilizer, K20 lb. .05 
Limestone ton 5.00 
Seed corn bu. 23 .50 
Seed oats bu. 1.80 
Soybean seed bu. 5.20 
Alfalfa seed cwt. . nl 
Diesel fuel ga. .19 

aSources: (31, 20). 
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Tabl e A-13. Estimated average number of hours available for 
Table A-13 (Continued) field work by weeks in north central Iowaa 

Hours Hours 
Hours Hours Week per day per week 

Week per day per week 

Nov. 1- 7 8 .1 52.9 
March 22 - 28 1.5 3.4 8-14- 6 . 4- 44.7 

29-April 4- 3.5 14.6 15-21 6 . 4- 44.7 
22 - 28 5. 6 38 .8 

April 5-11 5.1 32 . 7 29 -Dec . 5 2 . 7 10.9 
12-18 5.9 44.9 
19-25 6 . 6 51.1 Dec. 6-12 o.4 2 .4 
26-May 2 5.8 44-. 7 

May 3- 9 5. 6 43.1 
10-16 6 . 5 50.3 
17- 23 6 .5 45.3 
24-30 7 .1 49.7 Table A-14. Var i able costs per ac re for selected 3011 -row 
31-June 6 6 . 4- 44.5 ma chiner y combina tions in producing corn and 

soybeans 
June 7-13 6 . 6 46.3 Fuel Seed, 

14-20 6 . 6 46 .3 Machinery Machine Land 
21 - 27 6 . 9 48.2 combination repair and insecticide rent Labor Total 

28-July 4 7.5 52.1 oil & fertilizer 

July 5-11 7.9 55.5 corn 
12-18 7 . 6 53.4 
19-25 7 . 8 54. 2 4-3011 $7 . 25 $3.13 $38.06 $ 62.50$10.82 $121.76 
26-Aug . 1 7.5 52.1 6- 30 11 fi . 88 2 . 81 38 .06 62 . 50 7.86 118.11 

49.4 
8-30 11 6 .87 2. 63 38.06 62 . 50 6 . 64 116 .70 

Aug . 2- 8 7 . 0 4- - 30 11 ,4-- 30" 7 . 25 3. 1 3 38 .06 62,50 10.82 121.76 
9-15 7.5 52, 6 4-- 3011 ' f. - 30 11 7 .06 2 . 97 38 .06 62 . 50 9.34 119.93 

1 €> - 22 7 . 9 55.3 
23-29 7 ,5 52.4 soybeans 
30- Sept . 5 7 .5 52.2 

Sept. ti -12 7 .9 55.0 4-- 30" $6 .11 $2 . 24- $23,21 $ 62,50 $8.84- $102.90 

13-19 8.0 56,3 €> - 30" 6 .07 2 .14- 23 . 21 62.50 6 . 64- 100,56 

20- 26 7 . 6 53.1 8-3011 6 . 23 2 .04 23.21 62 . 50 5.80 99,78 

27-0ct. 3 7 . 6 53.1 4- - 30" '4-- 30 11 6 .11 2.24- 23. 21 62.50 8.84- 102. 90 
4--30", 6- 30 11 6 ,09 2.19 23.21 62 .50 7.74- 101.73 

Oct. 4--10 7 .5 52. 2 
11-17 7.8 54,7 
18-24- 7 .8 54.4 
25- 31 8.1 56 .9 

aBasic data obtained from McKee (25) and adjusted on 
the basis of climatologic data (34) . 



78 

Table A-15. Variable costs per acre for selected l+O"-row 
machinery combinations in producing corn and 
soybeans 

Machinery Machine Fuel Seed, Land 
combination repair and insecticide rent Labor Total 

oil & fertilizer 

corn 
4-4011 $6 . 51 $2.75 $36 . 25 $ 62 . 50 $9,46 $117. 47 
6-l+0 11 6 . 20 2 . 48 36 . 25 62 .50 6 .90 114.33 
8-4011 6 . 61 2 .36 36 .25 62 , 50 5.40 113.12 
l+-!+0 11 ,4-l+O" 6 , 51 2 . 75 36 . 25 62 .50 9 . !+6 117.47 
l+-l+O" , 6-l+0 11 6 ,35 2. 61 36 ,25 f> 2 . 50 8.18 115.89 

sozbeans 
4-4011 $5.99 $2.09 $22.10 $ 62 , 50 $8 . 26 $100.94 
6-40 11 6 .01 2.00 22.10 62 . 50 6 . 26 98.87 
8-l+0 11 f> . 20 1.92 22 .10 62 . 50 5.52 98.24 
l+-1+011 4-1+0 11 5.99 2 .09 22 .10 62 .50 8 . 26 100.94 

' l+-l+0 11 , 6-l+O" 6 .00 2.05 22 .10 62. 50 7 ,26 99,91 

Table A-16. Variable costs per acre for selected machinery 
combinations in producing oats and hay 

Machinery Machine Fuel Seed, Land 
combination repair and insecticide rent Labor Total 

oil & fertilizer 

oats 
!+ -row $3.11+ $2 .08 $10.10 $ 62 . 50 $7 . 98 $ 85.80 
G- row 3 . l+ 3 2 .01+ 10.10 f> 2 . 50 7 .28 85 .35 
8-row 3. 4 3 1.99 10 . 10 62 .50 6 ,94 84.96 
!+-row ,l+-row 3. 14 2.08 10.10 62 .50 7 . 98 85,80 
!+ - row ,G-row 3. 28 2.06 10 . 10 62 .50 7, 63 85.57 

ha:ta 
all $9.91+ $5, 35 $15.25 $ 62 .50 $21.30$114.31+ combinations 

aSource: (20). 
I 

ADDITIONAL copies of this report can be obtained 
from the Center for Agricultural and Rural 
Development, 578 East Hall , Iowa State University, 
Ames, Iowa 50011 . Price is $2 per copy. A listing 
of all Center publications can be obtained by writ
ing the Center. 
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