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ABSTRACT
LAND USE PLANS FOR MECOSTA AND OSCEOLA COUNTIES
BASED ON SOIL AND ECONOMIC CONSIDERATIORS

by Clyde A. Black

There is a need for liand use planning based on economic considera-
tions. That is, planning which will maximize the net income for each
farm. The purpose of this study was to meet this need for economic
The two counties

land use planning in a two county area of Michigan.
chosen were Mecosta and Osceola counties.

An snalysis was made of the current land use by soil management
units in the two county area. This analysis was made from data that
were taken for the National Inventory of Soil and Water Conservation
Needs. This analysis demonstrated that the proportion of land in
crops, forest, permanent pasture, and left idle was related to tl;roe
characteristics of the soil: 1) texture of the primary material; 2)
natural drainage; and 3) slope.

The expected gross income for four crops, corn, wheat, oats, and
alfalfa, was calculated for each soil management unit under common and
improved mensgement. The expected cost of production was also calcu-
lated for each soil management unit under the two levels of management
and subtracted from the expected gross income to calculate the expected
_net income. The expected gross income correlated very well with the

expected net income. In every case the improved level of management

produced a higher expected net income than the common level of umge-:

ment. As in the analysis of the present land use, ‘the same three soil
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characteristics had an effect on the expected net income.

Three crops, corn, vheat, and alfalfa, were combined in various
sequences to determine what sequences would be the most profitable under
the two levels of management.

The level of management had an effect of making more sequences
acceptable in certain instances. In some cases certain sequences were
acceptable under one level of management while unacceptable under an-
other. In most cases the longer land use sequences were more accept-
able than the shorter sequences. The sequences using less corn and
more alfalfa were more acceptable than the sequences that had more
corn and less alfalfa. This result is partially overcome by the im-
proved level of management. The three soil characteristics had an
effect on the acceptability of the sequences also.

Assuming that each of the acceptable sequences would be used on
each of the soil management units, an analysis was made of the percent-
ages of each unit that would be devoted to each of the three crops.

These data were combined for the total cropland of the two county \_
area to show the changes that would result if an economic plan of land

use were adopted. It was shown that less corn would be grown, and more

wvheat would be grown under common management. Under improved manage-

ment more corn and wheat would be grown.
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INTRODUGTION

Need for a Study of this Nature

There are many methods of planning the land use of a certain soil,
field, farm, or area. Some o0f these methods are quite rational while
others are less rational. The planning of land use quite often follows
a particular need that is felt by the farm operator.or his advisors
concerning land use and soll management. I1f the need is primarily for
an adequate livestock feeding program, the land will be used to provide
the amounts of grain, roughage, and other feed constituents needed for
feed. If the need is8 primarily for a program which will conserve the
soil or the supply of moisture, without regard to income, the land may
8imply be held under grass or forest cover. However, if the need is
primarily for a program which will maximize the returns from a given
area, land use will be planned to provide the greatest net income from
the soil, field, farm or area. In most cases these three goals are not
in opposition. That is, most operators want to follow practices which
will minimize the soil and water losses (or hold them within limits that
permit permanent use of these resources), provide adequate feed for a
livestock program, and at the same time maximize theix net income.

It is with the need of maximizing the net income that this study
is primarily concerned; namely, the planning of land use using both tech-

nologic and economic considerations as the criteria.



Purpose of this Study

The general purpose of £hi§ study ié to meet this need for land use
planning according to economic as Qeil as technologic considerations.
This need will be met within the allowable limits of soil and water loss
that will assure a permanent agriculture. There were practical considera-
tions;}n determining the scope and extent of this project. One of these
practical limitations is the detéfmination of the size of the area to be
studied. 1Ideally, the North Central Region of the United States, Michigén,
the Podzol Region, or other large areas might have Been selected for this
study. These areas were all eliminated, howeﬁé;, £ecau$e of practical
limitations. Since a smallér area had go be choéeﬁ; the w;iter first
considered Osceola County bécause he had worked in that area for two
summers on the Natio;al Cooé;;afi;é Soii Survey. Lafe*, the idea of
using one county was dropped in favo; of a téo county area.

Another practical limitation also served to restrict the scope and

extent of this study. The study was launched with the object in mind

]

.. o Lo RN )
that all the potential uses of the land would be investigated: cropland,
c ¢ r . c - LIRS ¢

permanent pasture, forestry, idle, residential, and urban. These uses

were studied in determining the present use of the land in the two county
area. For practical feasoné, however, only some the individual crops

: Cee e e ”

that are grown iﬂ éﬁé area were evaluafeé i; de;érmiﬁiné the use of the
cropland.

The chief purpose of the study is: 1) to demonstrate the need
for the use of economic tools in planning lané use; 2) to demonstrate
land use planning methods using economic considerations; and 3) to

consider the results of such a plan on land use and the probable conse-

quences of 1its adoption.



PERTINENT LITERATURE

Charles E. Kellogg, Assistant Chief of the Soil Conservation Service
in Charge of Soil Surveys, has written of the importance of economic con-
slderations in land use planning as follows:

"Successful farmers choose the practices for their fields

according to two primary considerations: What practices

do I need to come near the ideal (arable soil)? How will

the costs and returns fit into my farm budget?" (12)

Earl 0. Heady, professor of agricultural economics at Iowa State College,
has shown that the best system of crops or rotations cannot be selected
with just the knowledge of physical relationships or with just the knowl-
edge of economic considerations, but with both..(12). He also demonstrated
in the same article the importance of the economic considerations in the
crop-yield relationships when crops are competitive as well as complimen-
tary.

Earl R. Swanson, associate professor of agricultural economics at
the University of Illinois, published a bulletin which reports an ecor
nomic analysis of the Drummer-Flanagan soils, found primarily in east-
central Illinois (11). He used linear programing to determine the
highest return farming systems on these soils. The bulletin lists three
types of farming systems that were selected in order to maximize: 1)
the labor income per acre of land farmed; 2) the labor income per hour

of labor used; and 3) the cash balance per dollar of money spent. He

also showed the effect of price changes on these farming systems.



EXPLANATION OF TERMS

The term "land use sequence" was chosen to denote the order in which
crops are grown in the cropping system., In ordinary discourse this would
be referred to as a crop rotation. However, it was necessary in this
study to refer to this as a land use sequence, because rotation connotes
the idea of crops rotating from field to field and is not the best term
to use in considering the duration or order of crops on a certain soil
or field. Also, the idea of a rotation does not necessarily connote the
idea of & certain plan of land use for a certain field or soil, but of

a group of fields or soils.

The two terms ''common management'" and "improved management'" need
explanation. It is realized that no manager or system of management
will fit the exact description of common or improved. However, there
was need for the consideration of levels of management. The improved
level of management is defined as a system which includes the following

management practices (8):

1. Has soil tested and applies recommended amounts of lime and
fertilizer,

2. Uses recommended fertilizer placement.

3. Uses minimum tillage.

4. Provides adequate drainage.

5. Uses top quality seed.

6. Uses recommended seeding rates.

7. Controls weeds, insects, and diseases.

8. Uses good soil and water conservation practices.

9. Harvests carefully to save the crop.
4



5

10. Stores properly to preserve the quality.

11. Performs management operations at the proper time.
The average management is defined as a system which follows some, but
nﬁt all of the above mansgement practices. The common manager, in this
study, incurs the median cost of fertilizing per acre per year of the
farm account book study of this area. The average manager also followed
the plow, disc, drag, and plant method of seedbed preparation for cornm
and oats. In a recent survey of farming practices 50 per cent of the
farmers that were interviewed used this method of seedbed preparation (9).

The "s0il management group" and "soil management unit" are terms
that are used frequently through this paper. The '"soil management group"
refers to a group of soils with similarities ian the texture of the pri-
mary material and the natural drainage. "Soil management unit" refers
to a sub-division of a soil management group on the basis of similari-
ties in slope. The texture, natural drainage, and slope groupings and
the numbers and letters used to designate esach are listed in Table 1.
In many cases the 5.5 texture class has been dropped from consideration
because of lack of sufficient data or for reasons of practicality. 1Im
many cases the A and B slope classes have been combined because of simi-
larities in their management.

The decision was made to use the terms "expected gross income'",
"expected production costs", and "expected net incoms." These terms
were used to indicate the anticipated situations when the manager is

making a decision.
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CURRENT LAND USE IN MECOSTA AND OSCEOLA COUNTIES

In order to properly analyze the present land use in the two county
area it was thought that an analysis of land use by soil management
units would lead to a much better understanding than an analysis of land
use ignoring the soil. By studying a sample of the land in this area
which had been classified and mapped according to soil type, slope,
erosion, and present land use, a comparison could be made indicating
the differences in land use by differences in soils.

The United States Department of Agriculture, in cooperation with
State agencies, has recently completed a National Inventory of Soil and
Water Conservation Needs. The classification and mapping phase of this
inventory was completed in Mecosta and Osceola Counties in 1958 as part
of the National Cooperative Soil Survey. This inventory provided data
which was acceptable for studying land use according to soil management
groupn.l

The sample that was taken was a stratified, random sample.

This was taken by dividing the townships into three two-section tiers
and selecting at random one quarter-section plot in each tier or
three per township. This was slightly more than a two per cent

sample. The soils in each sample were classified by methods used

1The soil survey maps were measured by the United States Soil
Conservation Service as part of the National Conservation Needs
Inventory. The sample data was analyzed by the Iowa State Statistical
Laboratory which furnished the basic data of soil groups and land use.



Osceola County

A

Mecosta County &

Figure 1. The location.of Mecosta and Osceola Counties.



in the National Cooperative Soil Survey carried on by the Michigan Agri-
cultural Experiment Station and the Soil Conservation Service of the
United States Department of Agriculture.

The current use of the land had been divided into four broad
classes: L = cropland, which included land currently in crops as well
as land which had been in crops in the past three years or will probably
return to crops during the next three years; P = pasture, which included
permanent and not rotational pasturej F = forest; and I ®* idle or other
uses, which included not only land that is idle, but land used for
buildings, farmsteads, golf course, parks and cemeteries.

The results of the Conservation Needs Survey of Mecosta and Osceola
Counties were processed so that the acreage of each soil management unit,
in four land use categories was determined. One hundred sixty acres was
considered a lower limit for any soil managment unit that might be repre-
sentative of the observed land use. The results of this study are sum-
marized in Table 2. The data have been tabulated so that the percentage
of the soil management units that are in each of the four major land

uses are arranged in a square as follows: L\P .
FI1

Some conclusions that can be drawn from Table 2 are:
The percentage of land in crops (L) is greater:
1) on the soils that are developed from the finer textured pri-
mary materials as compared with the soils that are as illus-
trated in Figure 23
2) on the gentler slopes as compared with the steeper slopes
in each well-drained soil management group as illustrated

in Figure 3; and
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Figure 2. The percentage of land in crops (L) in relation to the

texture of the primary material by soil management units.
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Figure 3. The percentage of land in crops (L) in relation to the
slope of the land by soil management units.



12

3) on the naturally better-drained soils as compared with the
naturally poorly-drained soils on gentle slopes as illus-
trated in Figure 4.

The proportion of land used for forest (F) varies inversely with the
proportion of land used for crops (L). The percentage of land in forest
(F) is less:

1) on the soils that are developed from the finer textured
primary materials as compared with the soils that are
developed from the coarser textured primary materials as
illustrated in Figure 5;

2) on the gentler slopes as compared with the steeper slopes
in each well-drained soil management group as illustrated
in Figure 6; and

3) on the naturally better-drained soils as compared with the
naturally poorly-drained soils on gentle slopes as illus-
trated in Figure 7.

The soils that are developed from finer textured primary materials
have lesser amounts of idle land as illustrated in Figure 8. However,
this seems to be the only influence on amounts of idle land. There

seems to be no existent relationship between these soil properties and

the use of the land for pasture.
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(Texture of primary material)
80 - 2 = loam to silty clay loam
4 = loamy sand —
5 = gand (well-dev.)—- — — — - — =
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20 ==

Percentage of land in crops (L)
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~ -
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-

Natural drainage (good to poor) —>

Figure 4. The percentage of land in crops (L) in relation to the
natural drainage on level to gently sloping areas by soil management units.

80 (Natural drainage and topography)

a = well-drained (———(A+B (U-6% slope)
b = imperfectly drained—— - (C (6-12% slope)— — —
¢ = poorly-drained-- - — — —-(D (12-18% slope)—— —

60 - y,
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30
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Percentage of land in forest (F)
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Texture of primary material (finme to coarse) ——>»

Figure 5. The percentage of land in forest (F) in relation to the
texture of the primary nt;_erial by soil management units.
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80 - (Texture of primary material)
2 = loam to silty clay loame———oo

70 - 3 = sandy loam_ _ _ _ _ _ _ _ _ _ _ _
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Figure 6. The percentage of land in forest (F) in relation to the
slope of the land by soil management units.
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Figure 7. The percentage of land in forest (F) in relation to the
natural drainage on level to gently sloping areas by soil management units.
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(Natural drainage and topography)

70 a = well-drained ¢ (A+B (0-6% slope)
T b = imperfectly-drained—— - (C (6-12% slope)— — —
6 ¢ = poorly-drained—- - - - — - (D (12-18% slope)— —

Percentage of land left idle (I)

2 3 4 5
Texture of primary material (fine to coarse)——

5.5

Figure 8. The percentage of the land left idle (I) in relatiom to
the texture of the primary material by soil management units.



ASSUMPTIONS

Certain assumptions in a study of this type are necessary to proper-
ly analyze the data. The conclusions are only valid if the assumptions
are met., If the assumptions are not correct, an adjustment would have
to be made with the incorporation of the new assumptions. The assump-
tions used in this study follow:

1. The simple averags of monthly prices received by Michigan
farmers for the ten year period from 1949 to 1958 will be
the expeg;ed prices for farm products. The ten year period,
1949 to 1958, should be a good base for expected prices.
The conditions that have produced the prices during the ten
years (supply and demand, international tensions, and
governmental policy) will probably not change enough to
drastically affect prices.

2, The average rates for custom work paid in Michigan indi~
cate the expected costs in producing crops. Some dis-
crepancy exists between the rates for custom work and
the costs of producing crops since the custom rates are
slightly lower. This may be explained by analyzing
ownership of farm machinery as a form of insurance against
not having the machinery available at the time needed for
a particular farm operation. The use of custom rates in
calcuating production costs is justified since they repre-

sent the best information available on costs of using

farm machinery.

16
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The manager of the land will wish to maximize the net return
per acre per year within the acceptable 1limits of soil and
and water loss and select his program of land use accordingly.
The practices outlined under the two management systems will

be followed. The calculated yields are based on the following

of these practices.

Adequate drainage will be provided for the naturally imperfect-
ly-drained and naturally poorly-drained soils. The yields
were calculated with adequate drainage assumed.

Managers following common and improved management systems

will receive the same prices.



THE CALCULATION OF THE EXPECTED NET INCOME
The Calculation of the Expected Gross Income

The expected net income from each crop for each soil management
unit under the two management levels was calculated. Next, these ex-
pected net incomes of the crops were combined into expected net incomes
for land use sequences. Then the most profitable sequences were chosen
by comparison.

In calculating the expected net income that & certain crop will
produce on a certain s0il management unit, a definite procadure was
followed. First, the expected gross income that will acerue for each
crop on each soil management unit was calculated. Second, the expected
cost of producing each crop on each s8oil management unit was calculated.
Third, the expected net income from each crop on each soil management
unit was calculated by subtracting the expected production cost from
the expected gross income. This procedure was carried out for both
common and improved levels of management in order to compare differences
in the expected net income due to level of management. Finally, the ex-
pected net incomes of the various crops in land use sequences were cal-
culated and compared as to their relative advantage in securing a return
from the land.

The methods and results of calculating the expected gross income
follow: The expected yields for the two management systems were taken

from the folder entitled, "Michigan Checklist for Areas 3 and 4" (8),.1

1The yields from the Michigan Checklist were for slopes less than
6 per cent. Another study had been made in Michigan that reported yields

18
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This was an estimation of the yields in an area which contained Mecosta
and Osceola Counties as shown in Figure 9. These ylelds are listed in
Table 3.

The expected price was determined by taking a simple average of the
monthly price data for the ten year period, 1949 to 1958, of prices re-

ceived by Michigan farmers. These prices were:

Corn ~=-=--=ccc---- $ 1.34 per bu.
Wheat ===-ce=ce-wa- 2.00 per bu.
0atg ===-e~cecece---- 0.72 per bu.
Alfalfa hay ====-=-- 22,13 per ton (2)

The expected prices and the expected crop yields were multiplied for

each s0il management unit in order to calculate the expected gross in-

come :

Expected Price X Expected Yield - Expected Gross Income
The expected gross income under a system of common management is
given below in Table 4. The data has been tabulated so that the expected

gross income in dollars per acre for four different crops are arranged in

on slopes less than 6 per cent and over 6 per cent. Yields on slopes
greater than 6 per cent were calculated by employing the following simple

proportion:

where Yen w yileld on slopes less than 6 per cent from the Michigan
Checklist

st = yield on slopes less than 6 per cent from the

Sanilac report

ch s yleld on 6 to 12 per cent slopes in the two county
area (unknown)

ch = yleld on 6 to 12 per cent slopes from the Sanilac
report.
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"Checklist" Areas 3 & 4 <&

Osceola County <&

Mecosta County <

Figure 9. The location of Mecosta and Osceola Counties within
"Checklist" Areas 3 and 4.
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a square: gl_g . Thus, 60|32 denotes that $60.00 is the expected
wiA solss

gross income for corn per acre, $32.00 for ocats, $50.00 for wheat, and
$55.00 for alfalfa.

The expected gross income under a system of improved management is
given in Table 5. The data was tabulated in the same manner as in

Table 4.
The Calculation of the Expected Cost of Production

The expected costs of production were calculated for the common
management level as follows: The cost of fertilizer per acre was taken
from the median fertilizer cost per acre in the Farm Account Book Study
of the area during the year 1958 (2). The amount of seed was taken from
a recommendation of the Farm Crops Department of Michigan State Univer-
sity (1). This was multiplied by the seed cost (obtained from local
sources) to determine the cost of seed per acre. Land preparation,
seeding, and harvesting costs were all determined in the following
manner: The cost of custom plowing, discing, dragging, and planting
in addition to the custom cost of cultivating three times, picking and
shelling were totalled as the cost of land preparation, seeding, and
harvesting of corn. For wheat and oats the custom costs of plowing,
discing, dragging, drilling, and combining were totalled for the expected
cost of land preparation, seeding, and harvesting of wheat and ocats. For
alfalfa the custom costs of mowing twice, and the cost of baling were

totalled for the cost of harvasting.l The costs of these operations were

IThere was no charge made for land preparation and seeding in the
case of alfalfa because this is usually done with the small grain which
Precedes the alfalfa in many of the land use sequences. In the case of
some land use sequences in which alfalfa follows a row crop, a charge
for plowing, discing, dragging, and drilling was added.
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taken from the Michigan Custom Work Bulletin (3).

A land use charge (the normal return of money if investing in some-
thing other than land) was determined by multiplying the value of the
land by 0.05 (5% interest rate). The land values were taken from the
average valuation of soil management groups and units in Arenac County (6).

All of these costs were totalled and ten per cent of the sum was
added to the sum to cover taxes and miscellaneous costs. This latter
amount (the sum plus ten per cent) was the expected cost of production.
The expected costs of production are listed in Table 6.

The expected cost of production was calculated for an improved level
of management as follows: The amount of fertilizer was taken from the
Michigan fertilizer recommendation bulletin using in each case the maxi-
mum fertilizer recommendation for the soil management group (5). This
amount of fertilizer was multiplied by an arbitrary price of fertilizer
($70.00 per ton) to determine the cost of fertilizer per acre. The
amount of seed per acre was taken from a recommendation by the Farm Crops
Department of Michigan State University as in the case of common manage-
ment.(1l). This was multiplied by the seed cost (from local sources) to
determine the cost of seed per acre. Land preparation, seeding, and
harvesting costs were determined in the following manner: Minimum tillage
was assumed to cost sixty per cent of the cost of custom plowing, discing,
dragging, and planting. Full cost was assigned to cultivating twice,
Picking, and shelling the corn. These were totalled for the production
cost of corn. For wheat and oats sixty per cent of the custom costs of
Plowing, discing, dragging, and drilling were added to the full cost of
combining for the expected cost of land preparation, seeding, and har-

vesting. For alfalfa the full custom cost of mowing twice, raking twice,



27

Z18

OMN
~N
Ll
Lgl [y

8¢

-
NN
-n|oo

~N
N
o~
.-c|
O\IO
NN
|

~N
oo
o~

[- ]

~N

T ie puss  °g
92 | o€ 52 | o¢ £ 4 o¢ 2 ) OE 72 of
3 _ 33 1€ 1 €¢ oc ! et ocl¢e ocl ¢g¢ pues Lmgo ‘Y
1€ * 1 X% 1€ _ 37 LZ | 2¢ LT ) T¢ 6T ) Tt
9t 1 9 9¢ 1 9¢ te 19¢ £e 19¢ €e ]9t ueo] Apuwg ‘€
St _ 9¢ %e | 6€ 6T | %€ 6T | %€ TE | %€
Le 1oy 3¢ _mm se ¢ el L3 _ LE weo| Le1o
L3138 03 wwo ‘2
9doTS %9-0 °doTs 29-0 °doTs 181-21 °doTs %Z1-9 °dois 19-0
a+v a+v a o] a+v 1eTIeIey LIewmyag
paureap pauyeap syl JOo sanixay
-£1100g3°°> -4A130°93aedm]1-q pouyRIp-1I3M °®

£ydea8odo], pus ¥Beurevaq

\ _B
LINN INSWZOVNVH TIOS HOVE MO O[O VIIVIIV QNV ‘IVZHM ‘SIVO

‘NH00 40 INFRIOVNYVW NG00 HIIM NOILONAO¥d J0 IS0D QALOAIXI FHL

‘9 TTAVL



28
and the cost of baling determined the cost of harvesting. The costs of
these operations were taken from the Michigan Custom Work Bulletin. The
land use charge and taxes and miscellaneous charges were assessed in the
same manner as the average level of ianagement. The expected costs of
production for corn, wheat, oats, and alfalfa under improved managem;nt

are found in Table 7.
The Calculation of the Expected Net Income

The expected éroduction cost was subtracted from the expected gross
income to determine the expected net income. This subtraction was carried
out for both‘;onnon and improved management systems and the results are
given in Tables 8 and 9, respectively. The results are again arranged
according to crops C|O .

WiA

Results and Discussion

There are several obvious results which should be noted. First,
the improved level of nnnggcm;nt in all so0il management units produces
a higher expected net inéome than the common level of management. This
is due to the magnitude of the increase in net income with the improved
management level and the small resultant increase in production cost.
This would indicate that the improved management level is not the
optimum level.

Second, there is a close association between the expected gross
income and the expected net incoms as shown in Figure 10. This close
association is due for the most part to the cost data which does not

take into account differences in the natural drainage and slope of
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Figure 10. The relationship of expected gross income to expected
net income.
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the soil management group and unit. The production costs (fixed costs)
vary directiy with the coarseness of the primary material because of
the increased interest charged on the higher vélued, fine textured
soils. This means that the expected gross income may be used as a
criterion for choosing management levels.

Some of the characteristics of the soils, such as slope, natural
drainage, and texture of the primary naterial, influence the expected
net income from cropland on the soil group: 1) The steeper slopes have
a lower expected net income than the more gentle slopes. This is shown
in Figure 11 which is a graph of expected net incomes with variation in
slope for sdil management group 4a (well-drained loamy sands). This
higher expected net income is primarily due to the increased yields on
soils with gentler slopes. 2) The naturally poorly-drained soils have
higher expected net incomes than the naturally imperfectly-drained soils
which in turn have higher expected net incomes than the naturally well-
drained soils. It must be remembered tﬁat there was an assumption made
that there was adequate drainage on the poorly and imperfectly-drained
soils in calcﬁlating the yields. This increase is probably due to the
influence of the better moisture conditions on yields in the poorly and
imperfectly-drained soils, particularly during the summer when moisture
content may be critical. This relationship may be noted in Figure 12

which is a graph of the expected net incomes of soil management groups
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4a, 4b, and 4c (well-drained, imperfectly-drained, and poorly-drained

loamy sands) all on 0-67 slopes. 3) The soils developed on the finer
$30

Corn - imp. t.
2&“

€———Alf.- imp. mgt.
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