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Abstract:

The following study is an attempt to determine the usefulness of a soil productivity chart to a farmer
who wishes to maximize net farm income. Usefulness, in this case, is defined to include both scope and
reliability.

Part I introduces the problem and outlines the general methodological procedure to be used. It also
notes emperical data sources and their use in this study.

Part II defines the economic requirements which the yield estimates must meet if they are to be of
maximum benefit to the farmer in his efforts to maximize net farm income. Also, this section of the
study is concluded by a statement of the hypothesis.

Part III contains a description of the budget of a farm which represents the "typical" farm of the sample
of farms studied.

Part IV is divided into two sections. First is a description of the procedure used to develop the soil
survey information. Second, the soil survey information is listed as it might appear in a soil survey
report.

Part V contains an analysis of the problem which is accomplished by substituting yield estimates from
the soil productivity chart in the budget of the "typical" farm. The budget method permits the analysis
of three types of alternatives (enterprise, resource, and practice alternatives).

Part VI contains the conclusions and implications drawn from this study.
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ABSTRACT

The following study is an attempt to determine the usefulness of a
soil productivity chart to a farmer who wishes to maximize net farm income.
Usefulness, in this case, is defined to include both scope and reliability.

Part I introduces the problem and outlines the general methodological
procedure to be useds It also notes emperical data sources and their use
in this study. .

Part II defines the economic requ1rements which the yield estimates
must meet if they are to be of maximum benefit to the farmer in his efforts
to maximize net farm income. Also,. this section of the study is concluded
by a statement of the hypothesis.

Part III contains a description of the budget of a farm which. repre-
sents the "typical" farm of the sample of farms studied.

" Part IV is divided into two sections. First is a descriptidn of the
procedure used to develop the soil survey information. Second, the soil
survey information is listed as it might appear in a*soil survey report.

Part V contains an analysis of the problem which is accomplished by
substituting yield estimates from the soil productivity chart in the
budget of the "typlcal" farm. The budget method permits the analysis of
three types of alternatlves (enterprise, resource, and practice alternatives).

Part VI contains the conclusions and implications drawn from this
study.
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PART I - INTRODUCTION

The: Purpose of'Soil Survey

Soil scientists often refer to the soil survey_as the connecting 11nk
between the farm and agrlcultural research. 1/ Thls means that the 5011
survey is not an end in itself but is a means to an end. For instance, as
the "connecting link" the soil survey should play a significant role in the
farmer's effort to maximize‘eet farm income. further, the soil survey should
be a tool usable by all agrieultural researchers as well as farmers. 2/

To be useful, the eoil survey must be exact end easily interpreted.

Un fortunately, as the science of soil classification has become more exact,
it also became more esoteric. ' The high}y technical nature of the surveyf .
now exciudes interpmeiatioﬁ bf those nofntrained ip the science, §/

To facilitate the interpretation of soil survey maps by others, soil
scientists now include in the soil survey reports: (1) a description of
the physical characteristics of the soils included on the soil map, ane

(2) a productivity chart .listing estimates of yields each soil is capable

1/ This, however, is not the only use of the soil survey. For a discussion
" of the uses and purpose of soil survey (including the one listed above)
see the U.S.D.A. Handbook No. 18, Soil Survey Manual, August, 1951,
pp. 23-41 and 365-367.

2/ For a discussion of the usefulness of the soil survey by agricultural
researchers not soil scientists see ‘Huffman, R. E., Irrigation Develop-
ment and Public Water Policy. The Ronald Press Co., New York, 1953,
pp. 65-67; -and Renne, R. R., Land Economics, Harper and Bros., New York
1947, pp. 35-46. .

§/ For a consideration of the weaknesses of land classification, 1nc1ud1ng
the soil survey, see Rénne, Rs R., op. c1t., pp. 50-53,
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of producing when subjected to specified systems of management. Histori-
cally, soil scientists have emphasized the fqrmer;ﬁut_in_;ecent years_the

latter has gained in importance. In fact, the Soil Survey Manual says,

"The fundamental purpose of a soil survey, like fhat of any other research,

is to make predictions", ﬂ/

The Problem
Stimulated by the incieasing realization of the importance of the soil
productivity chart, this study was initiated tos (1) test the reliability
of the yvield estimates of a soil productivity cha:t; and'(2) assuming their
reliability, test the usefulness of those yield estimates t6 the farmer in
his efforts to maximize net farm income. _ N
It is hoped that this study will, at least in éart, reveal the reli:
ability and usefulness of yield data sources used to synthesize soil pro-
ductivity éharts; and the criteria which the yield estimates must meet to
be of most valué_to the farmer in his efforts to attain maximum net farm
income. If weaknesses are found in the soil survey data, this study mady
suggest improvements and areas in which further research might prove most

beneficiale.

Methodological Procedure

The Huntley Irrigation Project, which was opened for settlement in

1907 by the Bureau of Reclamation, was picked as the site of this study.
‘ : .

4/ Op. cite, pe 23,
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The Project is_iocgteq in the Ygliowstone River Valley ahd éxtgnds about
30 miles downstream from Huntley, Montana, where it begins, The entire
Project is situated in Yellowstone County of which Billings is the county
seat,

The general methodological procedure of this study is to: (1) develop
a soil productivity chart for the Huhtley Project, utilizing all available
sources of yield data, and test the_reliabiliiy_of that data by ahalyzing
the original data sources; (2) formulate ; farm budget describing a fafm
typical of the area; and (3) substitute yield estimates from the produc-
tiQity chart into the farm budget to test their usefulness (assuming their.
reliability) to the farmer where usefulness had b@én previously‘defined as’
the economic criteria which the data must meet if it is to improve the

ability of the farmer to maximize net farm income.

Data Sources

Yield data used to formulate fhe soil productivity chart were obtained
from direct interview of a sample of Project farms, from the Huntigy Project
water user's reports for the same sample of farms, and from the resulté of
experiments carried out at the Huntley Branch Experimenf Station.

Also obtained from the farﬁer interview and the Huntley'Project'water
user's reports were data used to develop, along with additional secondary

data, a budget of the "typical"™ farm.
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PART II - THE FARMER®S ECONOMIC OBJECTIVES

It is_generally assumed for studies in farm management that the farmer®'s
economic objective is to maximize net farm income. While the motivation
for maximization may result from many psychological or social. forces which
need not be analyzed in detail here, it may be provident to discuss some
general objectives at this time.

The time period in ﬁhich net farm income is maximized will vary with
the conditions facing the farmer. Wheﬁ payments on debts come due, the
farmer must maximize his immediate income in an effort to meet these oﬁli-
.gations. Or, even when not faced by heavy indebtedness, the farmer must
have an income of sufficient magnitude to adequately provide for his family
and meet farm operating expenses,.i}e., to avoid indebtedness which might
hinder futpre efforts to maximize‘net farm income. bver é long time period;
however, the objectives of the maximization of net farm income is, in
addition to meeting yearly obligations, to assure famiiy security, raise
the family stgndard of living as high as possiblé, and attain other goalse.

To obtain immediate.income, the farmer must grow cash crops rather
than forage and feed crops. Also, in the short run, he may be confronted
with fixed factqrs of production which are inefficient or unadaptable to
- his present neeaé. Maximization of immediate net farm income can result
in inefficient and exploitive resodrcé use in terms of socia; welfare or
long run prodﬁbtivity (to the férmer, however, this may be highly efficient

use if his needs are met). The tenant with a short term lease is in a
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situation comparable to the indebtea owner. In this case, however, the
tenant attempts to ma#imize net farm income over the short run because his
uncertain tenure does not guarantee him returns on long term practices,
| Over a long périod of time, resource use leading to maximization.of
net farm income is different from resource use which wil; attain that goal
in the short run. Because all factors of production become variable
through time, the farmer is able to vary these factors to obtain the most
efficient combination of productive factors. And, over long time periods
of tenure, the farmer is able to obtain maximum bengfit from thé comple~
mentary and supplementary relationships involved in enterprise combinations.
Thus, in the long run, the farmer must gim towards optimum resource alloca-
tion leading to maintenance and improvement of his farm's resources if he
is to maximize net farm income.

For the present study, the livestock enterprise will be held constant
as given in Part I. If‘the farmer has no debt or tenure problems, how can
he maximize that portion of net farm income contributed by the cash crop

enterprise?

Inpﬁt - butput Relationships
Let us suppose, to begin with, that the farmer is interested in maxi-
nmizing net income from a Qingle entgfprisé on his farm, Fu;ther, let us
assume that there is‘but one factor of production which is variable while

all other factors of production are fixed or held constant throughout the




-6-
production process. 5/ The input-output relationship (representing the
total amount of product produced by varying quantities of the variable
factor) may be expressed as follows: X1 = f(X1|x2, X3,...Xn). This means
that the total product (X) is a function of the variable factor (X1) net of
the fixed factors of production (X2, X3,...Xn). This function is represented
by the TPPxi curve in Figure 1. While this total physical product (TPPxi)
curve represents both increasing and decreasing returns as the input of
the variable factor is increased, both do not necessarily need be present.

For this production function to be valid, the inputs must be homogeneous,

Figure 1. The Production Function3

(YALD)

measured iIn the same units. Thus, the TPPxi, and MPPxi may be measured on
the left ordinate (Y) while the APPxl is measured on the right ordinate
(YAD).

5/ This would be comparable, for instance, to an agronomical experiment which
is designed to measure the effects of varying amounts of fertilizer (such
as treble super phosphate) upon the yield of a crop (such as sugar beets).
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theuunits of output must_be homogeneous and the state of technology must be
given. Finally, the production function is relat;d to a specific period of-
time.

Two other relationshipé can bé derived from the total physical product:
curve, They are the average bhysical product curve (APPX1 in Figure I) and;
the marginal ‘physical product curve (MPle iﬁ Figure I). The average physi-
cal product curve is obtained by dividing each level of tofal product by
the amount of input nééded to pfoduce that product(TPle/no. of XQ. Since
the production‘function in Figure I represents both increasing and decreasing:
returns, the APle curve rises and then declines. The margihal productivity
curve represents the rate of change of the ’1"PPxl curve. The marginal pro-
duct refers to the increment in total broduct produced by each input. Thus,
the marginal product of any given input is the increase in total product
attributed to fhat input (AY/AX;)e. It can be noted in Figure I that when
TPPy, is at a maximum, MPPy, is zero. - \. |

Given this input-ﬂutput relationship, how.much of the variable factor
of productioﬁ should the farmer use to maximize income from this enterprise?
To determine the optimum amount of variable factor ﬁo‘use, value relation-
ships must be used, |

Since the farmer operateS'under a system of pure competition (at any
time, he cannot sell enouéh product to influence the market price of that
product) the price he receives for a ﬁroduct remains constant regardless of;

the amount of that product which he, as an individual producer, can raise.

Thus, the physical production function can be converted to value terms when
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it is multiplied by the price of the product. When this is done, total
physical product becomes total value of product, average physical product
becomes average value of product, and marginal physical product becomes
marginal value of product, '

Iﬁ general, the farmer also purcnasés variable inputs in a purely com-

:
petitive market (if seed costs $2/bu,{ a farmer car purchase “2 or 2000
bushels of seed at ‘that price).. The cost of each unit of inpuf is identical
regardless of the total number of inputs use&. To return to the marginal
- concept, the marginal cost of each unit of inpuf'is the increment in total
cost when an additional unit of input is added. Under purely competitive
conditions, the marginal cost equgls the price of the input.

- To maximize income from the enterprise, the.farmer will increase outpﬁt
until the marginal cost of the factor pf production equals the marginal
value of product. That is,.inputs.will be added unti; the increment to
total cost (caused by a unit of input) equals the increment to tétal revenue
(produced by that unit of input). In purely competitive condit‘ions,'MCxl
equals the price of Xj. Iherefore, the farmer will equate Pxy to MVleo
This is demonstrated in Figure II. Since the Py; = MVPx; at point A%, 0-A
amount’ of inbut will be used.

Very seldom, if ever, does a production process involve only one
variable factor of production. Usually, fhere are many variable factors
involved in the production of any given product. However, when two or more
variable factors of production are utilized in a production procesé, the

same criteria are used to determine economic-optima. Output is increased

K
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Figure 11. Income Maximization
to the point where the marginal

cost of the productive factors
equal the marginal value of

product.

Resource Substitution 6/
Given the amount of pro-
duct to be produced, how can the

Amount of Input (X1) variable factors be combined to
produce that product at minimum cost to the farmer? 1/ Let us suppose
there are two variable factors of production (X1 and X2) and they are
substitutable for each other in the production process. That is, various
combinations of the two inputs may be used to produce a given amount of
product. To determine which combination of factors will minimize pro-
duction costs, another marginal concept must be utilized: the marginal
rate of resource substitution (MRRS). This concept refers to the amount

by which one input is decreased when another input is increased by one unit

(while total production is held constant). In our example, the marginal

6/ For a more complete discussion of resource substitution and cost minimi-
zation, see Heady, Earl 0., Economics of Agricultural Production and Re-

source Use, Prentice-Hall Inc., 1952, Chapters 5 and 6.

?/ Cost minimization as referred to here means that combination of variable
factors used in the production of the given product which produces any
given amount of product at less cost than any other combination of the
same variable factors. This does not take into consideration fixed costs.
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rate of substitution of X; for Xg is expressed as the ratio IXgZIX1).
The various combinations of X1 and Xg which will produce Y0 amount of

product is represented in Figure 11l by the iso-product curve YO. The mar-

ginal rate of resource substitu-

Figure 111. Cost Minimization

tion is represented by the slope

of the iso-product curve YO.
Value concepts must again

be used to determine the mini-

mum cost combination of the two

inputs. If the total outlay

(TO0) available for the purchase*

of input factors is divided

entirely to the purchase of
either X1 or Xg,amount (TOZPx1) of X~ can be purchased or amount (TO/PxQ)
can be purchased when Pxi is the price per unit of X1 and PX2 is the price
per unit of X2. |If the points(TO0/P”) and (TO/Pxg) are plotted on Figure
11l and connected, an iso-cost curve is determined which represents all
possible combinations of the two inputs which can be purchased with the
total outlay available. The slope of this iso-cost curve (for purely com-
petitive resource markets) is expressed as the ratio (Px1ZPx2)*

The minimum cost combination of resources is obtained where the slope

of the iso-product curve equals the slope of the iso-cost curve (AX2Z"X1 =
Pxi/Px2)* This is represented by point A of the model presented in Figure

111 denoting the use of OB amount of X1 and OC amount of X2. Costs will be
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reduced by using more of X; and less of,x2 if the price ratio is smaller
than the MRRS of X; for Xo. The relationship is reversible, of course, and

may call for the use of more X, and less Xj. 8/

Enterprise Combination 2/

,Foll&wing the discussion of optimum resource combination within an
enterprise, optimum enterprise combination should be considered. ~To maxi-
mize the contribution of the érop enterprise to total net farm income, in
what relative amounts should the products of the farm be grown? There are
four types of product (enterprise) relationéhips to be considered here:
competitive, complementary, supplementary, and joint products.

Figure IV represents a competitive relationship between products Y1
and Yoo Distance OA represents the total amount of Yo which can be‘produceq
with the available amount of resources ané OA" ‘represents the total amount

of Y; obtainable when the same résourcés are all allocated to the production

8/ The solutions for optima in resource combination have dealt with two

~ variable resources which have been assumed to substitute for éach other
at diminishing marginal rates. This analysis may be extended to situa-

" tions where the resources substitute at constant or increasing marginal

rates although the latter situation can be shown to be economically
irrelevant. Finally, when more than two variablé inputs are utilized
in the production process, the same criteria for economic optima are
used. The 1nputs will be used in such quantities that. MPPXI/le

MPPx/Pxy = eeoo = MPPx;/Pxpe

2/ The following discussion of enterprise combination is a brief outline of
the problem. For a complete discussion, see Heady, Earl O., op. cite,
Chapters 7 and 8,




-12-

Figure 1V. Competitive Enterprises
of Y. 10/ The curve AA" is

an opportunity curve represent-
ing the various combinations
of the two products which can
be produced from the given
amount of resources. The mar-
ginal rate of product substitu-
tion (MRPS) is represented by
the slope of the transformation
curve. Since the MRPS is in-
creasing, the two products are
competitive because unit increases in the production of one product can
only be obtained by sacrificing increasing amounts of the other product.

To determine the amount of each product which should be produced, an
iso-revenue curve indicating the price ratio of the two products must be
used. The iso-revenue curve represents all possible combinations of the
two products which will bring an equal amount of revenue to the farm. The
slope of the iso-revenue curve is the price ratio (PyJZPy2) of the products
sold in purely competitive markets. |In Figure 1V, BE" represents an iso-

revenue curve.

10/ The resources referred to here must be utilizable in the production of
either product. Thus, resources not used in common by the two products
are not considered in this analysis. The relative mobility of the in-
puts must also be considered by the farmer. Fixed factors of production
will influence the use of the variable factors of production.
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Optimum enterprise combination is achieved when the marginal rate of
product substitution is inversely equal to the price ratio of the two pro-
ducts (AY2/AY1 * Py]/Py2) This is where the slopes of the two curves are
equal (point C in Figure 1V) and denotes the amounts of the two products to
be produced (GD of Y2 and GD" of Yj).
In addition to increasing MRPS, competitive enterprises may have either
constant or decreasing MRPS. However, because the same criteria may be used
to reach economic optima in all cases, the latter phenomena need not be
discussed in detail here.
A complementary relationship between two products (Y3 and Y4) is de-
picted in Figure V. The relationship is complementary because production
of Y4 is increased from OB to GA" when production of Y3 is increased from
O to GA. As production of Y3 is increased beyond GA, the products become
competitive.

Figure V. Complementary Enterprises

Amount of GA of Y3 will be pro-

duced even if the price of Y3 is
zero, for at that point (GA) maxi-
mum production of Y4 is obtained
from the given resources. When the
two products become competitive in
their use of resources, the quantities
to be produced are determined (as
described above) by equating the
price ratio of the products inversely

to the MRPS.
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The opportunity curve AAl in Figure VI represents a supplementary
relationship between two products (Y5 and Y&). The two products are
supplementary because OB of Y5 may
Figure VI. Supplementary Enterprises
be produced without decreasing the
total amount of Y~ (OA) which it is
possible to produce when the given
amount of resources are all allo-
cated to the production of Y6. In
other words, the production of OB
amount of Y5 can be attained with
zero opportunity costs (in terms of
Y6). Thus, OB of Y5 will be produced even when the price of Y5 is low (but
greater than zero) relative to the price of Y5. When production of Y5 is
increased beyond OBi the products become competitive and the amounts pro-
duced will be determined by the price and substitution ratios as described
above.
Joint products can only be produced in given proportions. There is
no MRPS between them. In this case, the problem involves determining the
optimum scale of operation rather than the optimum combination of the two
products.
When considering the above relationships, it should be remembered that
any two products may have differing relationships existing when different
factors of production are considered. That is, a crop might be supplemen-

tary to another crop in terms of labor but the two might be competitive for
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a given amount pf~ca§ita1e When enterprise relationships are discussed,

the factors of production involved in the relationships should be spécified°

Allocation of Limited Resource Among Technical Units

A technical unit is a fixed factorlbf-production within an enterprise°
Depending upon the enterprise, a technical unit may be a cow, a laying hen,
an acre of land, etc. ll/ When analyzing the cash crop enterprise of a
farm, the technical unit involved is an acre of land. The problem is,
given a-limited amount of reSource'(fo; example, fertilizér), how shotild ~
this resource be allotted to the various technicallpnits within the enter-
prise to maximize returns from that reSourceé This problem arises because
of a lack of homogeneity between technical uﬁitso

The elasticity of the production function of the technical units in-
volved will determine'the allocation of the resource among the units. If
the produétion function has an elasticity greater than one (meaning the
marginal produc% is'inéreasing with the addition of each increment of re-
source), all of the resource will be allocated to.the one technical unit.
If the elasticity of the production function is one (constant marginal
returns to each increment of resource) any allocation of the resources
among fhe technical units will yield the same total produ’ct° Finally, if
the elasticity of the production function is less than one (each increment

of resource yields a smaller margihal product than the preceding increment),

the resources will be allocated among the technical units in a manner which

11/ Heady, Earl O., Ibid., p. 27.
\ B - .
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will equalize the marginals products of those technical units (MPRy(1) =

MPRu(2fF ecee = Mp&u(~;f,‘),). _ . i

Resource Mobility S o

_Fixed factors of production are involved in shortrun time periods.

On’ the farm, these factors may be acres of land, tractors, buildings, etc.
Since they must be used'for';ong time periods, the purchasé of these factors
must be based upon the farmer's expectations of the future. )

When purchasing fixed factors of production, the farmer may (1) build“
a specialized plant which is highiy effiéient in fﬁe production of one pro-
" duct or (2) may build a more versatiienplént cababie of producing two or
more products. The second plant is more flexible than the firﬁt but is
incapable of highly efficient production of any product, Converéely, while
the first plant is highly efficient in the productioﬁ of one product, it is
also highly inefficient in the productioh of any othér producte.

The expected variation of the prices of the products will be the
criteriqn on which thé farmer bases his future planning decisions.

If he decides that prices of a giﬁen product will be steady in ‘the
future, he may choose to build  the specialized plant. Thus, if ‘the price
of that product does remain constant or rise (relative to costs and other
prices), the farmer will maximize net farm income from his productive fac-
tors. But if the farmer expects prices of (say) tﬁo'given producté to |
fluctuate widely in relation to each other, he will build a flexible plant
which will enable him to produce either product. He will then be able to

produce either crop,- depending on which has the highest market value. When
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faced with price unicertainty, the flexible plant will return the maximum net
farm income from the fafmerfs productive factors. .
Once. purchased, hdwever,‘the physical. plant becomes immobile. The.pre~

sence of this fixed plant will influence the enterprise combination on the

farme

The Economic Requirements of the Soil SUrVey Data B

The adaptability o6f the yiéld estimates to the economic criteria out-
lined above in this treatise will depend upén their reliability and scope.
The reliability of the yield estimates.may be testedlby analyzing the data
sources used in their formulatiéh. And, assuming the yield estimates to be
accurate, their scope may be tested by comparing them to the type of data
'the farmer needs if he is to maximize net farm income,

The scope the yield estimates must have to ﬁeet the economic criteria
are: (1) for each crop grown on each soil, the productibn function for each‘
input or combinations of inputs should be given; (2) for each production pro-
cess, substitutability of inputs,‘if any, should be measured; and (3) to
facilitate enterprise combination, competitive, complementary, and supple-

‘mentary relationships between enterprises, if any, should be enumerated. 13/

The Hypothesis _

The hypothesis as to the adaptability of the yield estimates presented

12/ The above requireménts apply only to those relationships which are with-
in the field of soil science. Examples of this are fertilizer response,
" number of irrigations, comparisons of various rotations, etc.
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in the soil productivity chart to the etonomic criteria is: while the
yield estimates will not satisfy the "ideal" data requirements outlined by
the economic theory, it will pfove to be very useful to the farmer in his

efforts to maximize net farm income.
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PART III - THE FARM

Size
The sample studied consisted of 87 Project farms. Although 13 of;
these farms had dryland supplements, the size of the farm unit for pur-
poses of this study, was measured by the number of irrigated acres in the
unit,-lg/ A grouping of the sample according to size is given in Table I,
Since the Project was originally divided into 40 acre tracts, most farm

acreages occurred in multiples of 40,

Table I. Characteristics of Sample Groupings

No. of - Ave. no. of Mode
Group farms in irrigated (acres)
. group acres in of
' group group
0- 80 27 70.5 80
81-160 37 128.4 120
161-240 11 196,1 200
| 241-320 8 275.6 -
. 321-400 3 363.3 -
401-480 1 440 440

The most frequently occurring group of farms in the sample (the 81-160

acre group) had an average of 128.4 acres and a mode of 120 acres.

13/ For a discussion of the integration of dryland and irrigated areas

~ see Ward, Ralph E. and Kelso, Mo M., Irrigation Farmers Reach Out
Into the Dry Land, Bulletin 464, Montana State College Agricultural
Experiment Staion, Bozeman, Montana, September, 1949,
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Therefore, a 120 acre farm unit was selected as the representative farm

size to be used in this study.

The Crop Organization

The budget of crop production is presented in Table IIl. The acreage
devoted to each crop was calculated, by use of percentages, from the acreage
each crop occypied on the farmslincluded in the sample. Since the farm has .
8.6 acres of beans, 11.6 acres of spring wheat, and 25.0 acres of sugar
beets, a total of 45.2 acres are devoted to the cash cropsorganization°

The yield figures used are the average of the yields found on the

farms of the sample for the 1953 seasons.

Table  II. Budget of Crop Production

Crop Acres | Y/A | Total | Crop Disposition

Feed | Sale | Price @] Gross
Alfalfa (tons) 27.6 | 2.7 75 | 725 | -- - -
Beans (cwt,) 8s6-] 1805 | 159 | - 159 | $ 8,04 | $1,278
Barley (bu.) 5.6 | 41,1 | 230 194 | 36| 1.04 37,
Spr. Wheat (bu.) 11,6 | 33.8 392 75 317 1.95 618
Pasture . 26.6 - - -— - | -— -
Sugar Beets (tons) 25,0 | 16,1 403 - 403.| 1l4.44 5,819
Waste 15.0 - - - - - -
Total ’ $7,752

a8 1953 crop prices derived from Montana Federal Ag. Statistical Service for
1953, A.M. Ses UsSoDoAo, Office of Ag. Statistician, Helena, Montana; $2.44
1s added to sugar beet price to account for government payments, sugar
beet payments obtained from Myrick, D. C., A. R,s., UeSoDeAsy, Unpublished
Data, Bozeman, Montana, 1955,

The total gross income from the crop organization is $7,789. Of this

amount, $1,278 resulted from bean production, $37 from the sale of surplus




s YT (DN I JR— — Ll LM

-21-
barley, $618 from spring wheat, and $5,819 from sugar beet production.
Table III is a summary of the direct crop expenses. This includes

only those expenses which can be attributed directly to each enterprise,

Table III. Direct Crop Expenses

fSugar Beets . P/A Total
.Seed (4.5#/A.at $.55/1b, )2 : : $ 2,48 $ 62
Contract labor (24 hr./A. at $1.64 bu,)P 39.36 984
Fuel, grease, 0il, and repairs ' .
(11.78 hrs./A. at $.36/hr.) 4024 106
Harvesting and Hauling : 61,50 1,538
Total | | $107.58 | $2,690

3 Seeding rate and seed cost from Myrick, De Cey AeReSey UeS.D.A., Unpub-
lished Data, Bozeman, Moatana, 1954,

b Contract labor requirements from Farm Budget Standards for Irrigated
Farming, U. S. Dept. of Interior, Bureau of Reclamation, prepared by
Branch of Operation and Maintenance, Region 6, Billings, Montana, Oct.,
1948, p. 53 hourly cost from Jensen, Clarence W., The Economics of Pasture
Irntegration on Irrigated Farms, Mimeo Circular 67, Agricultural Experiment
Station, Montana State College, Bozeman, Montana, 1952, p. 55 and adjusted
by index from Farm Cost Situation, Ag. Research Service, U.S.D.A., Feb.,
1954,

Beans ~ P/A Total
Seed (40#/A. at $.09/1b.)° - $ 3.60 $ 31
Fuel, grease, oil, and repairs

(12,20 hrs./A. at $.36/bu.) . - 4639 38
Threshing (.34 cwt.) 6.29 54
Total ‘ | | $14.28 $123

€ Price and seeding rate of beans from Myrick, D. C., ops cit.
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Barley P/A Total
Seed (1.5 bu./A. at $2:08/bu.)d $3.12 | $ 17
Fuel, grease, o0il, and repairs (5.65 hrs./A.,

at $.36/bu.) . 2,03 11
Harvesting (.10/bu.) 4.11 23
Total $ 9.26 $ 51

d Seed cost assumed double that of 1953 market price.

Spring Wheat “ P/A Total
Seed (1 bu./A. at $3.90/bu,)® $ 3.90 $ 45
Fuel, grease, o0il, and repairs.

(5.65 hrs./A,at $.36/hr,) 2.03 24
Threshing (.11/bu,) 3.72 43
Total | $ 9.65 $ 112

© Seed cost assumed double 1953 market price.

Pasture P/A Total
Seed (16 1bs./A)f $1.17 | $§ 3
Fuel, grease, oil, and repairs

(1.57 hrs./A,at $.36/hr.) 57 15
Total $ l.74 $ 46

£ Seeding rate and cost from Jensen, Clarence W., Ope Cit., po 56, cost
adjusted to 1953 price level by index in Farm Cost Situation, ops cit.

Seeding costs allocated over a five year period.

Alfalfa P/A Total
Seed (8 1bs./A.)9 $ 1.08 $ 30
Fuel, grease, oil, and repairs

(4037 hrs./A. at $.36/bu.) 137 43
Total $ 2679 $ 73

9 Seeding rate and cost from Jensen, Clarence W., ope Cite, pe 56, and cost
adjusted to 1953 level by Farm Cost Situation, Ope cit., seeding costs

allocated over a five year period. -

e — oo
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The tractor operating expenses, "fuel, grease, 0il, and repairs", are
calculated by a method which allows the determination of the hourly cost of
tractor operation. iﬂ/ By multiplying the number of hours the tractor is
used for each enterprise by the hourly cost of tractor operation ($.36),
the direct costs of tractor operafion for each enterprise may be calculated,
Thus,‘the total variable costs of tractor operation are proportioned among
the enterprises in accordance to the amount of tractor usage required by
each enterprise, lg/

The sugar beets, beans, barley, and spring wheat harvest is done by
contract labor. Hauling costs for sugar beets are based on a four mile
distance. ié/ °

The total direct crop exﬁensés are $3095, This includes $2690 charged
to the sugar beet enterpfise, $123 to the bean enterprise, $51 .to barley

production, $112 cost of production of spring Wheat, $46 charged to pasture

production, and $73 charged to the production of alfalfa,

The Livestock Organization

The livestock production budget is shown in Table IV. This livesteck

lﬁ/ See Scoville, Orlin'J., "Fixed and Variable Elements in the Calculation
of Machine Depreciation", Agricultural Economics Research, Bo.A.E.,
UoSoDoAsy Washlngton D. C., July, 1949, ppe 69-77. '

;2/ The number of hours of tractor usage required by each enterprise was
obtained from Farm Budget Standards for Irrigated Farmlng, Ops Cit.,
pp. 1-34,

lé/ Harvesting and hauling costs procﬁred from Farm Budget Standards for
Irrigated Farming, Op. cite, pe 8l, and are adjusted to -the 1953 price
level by index from Farm Cost Sltuatlon, op. cit.
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organization represents. the average of the livestock organizations found

on the farms of the sample.

Table IV. Budget for Livestock Production

ENTERPRISE | NO. PRODUGTION — DISPOSITION
- Home Marketed
Kind Amount | consumed [Amount | Price | Value
. B, Fo (lbs.) 975 215 760 | $.65 | $ 494:
Dairy cpws | S Iea¥ (1bs, ) | 13000 . 1,000 213 130
Beef cows 12 | Meat 2,400 - 2,400 016 384
Calves 15| - - - ‘ - - -
Yearlings
Beef 11 | Meat 7,200 - 7,200 2202 | 1,440
Dairy 4 [Meat 2,217 750 | 1,467 .16 235
Sow 1| Meat 120 - 120 023 28
Pigs 5 | Meat 933 440 493 | .23 113
. | Eggs (doz.,) 933 doz|. 1453 788 045 355
Chickens | 100 [f7e3% 375 1009 275 o7 7
TOTAL | $3,253

@ Estimated for this study.

Each dairy cow preduces 4990 pounds of milk containing 3.9 percent

butterfat, Therefore, a cow broduces 195 pounds of butterfat each year. lz/
. 1

Of the total milk production, 5500 pounds of milk representing 215 pouhds

of butterfat are consumed by the farm family. lg/ The remaining butterfat

17/ Milk and butterfat production of dairy cows are statewide averages and
“‘ Montana Agricultural Statistics, Montana Dept. of Agri-
culture, Labor, and Industry, cooperating with the U.S.D.A., Bureau of
Ag. Econ., Helena, Montana, Vol., IV, Dece 1952, p. 30.

derived from:

l§/ Unless otherwise mentioned, all home consumption estimates taken froms

Jensen, Clarence Wo, Op. Cite, po 59
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is sold at $.65/1b. 19/
Each cow weights 1200 pounds and is replaced évery six years. Prorated,
this means 1000 pounds of meat is sold each year., The price of this meat °
was assumed to be lower than the price received for beef animals. N

A death loss of one dairy calf a year was estimated and from the re-

maining four calves the replacement stock is chosen. Since five cows are

‘replaced every six years, an. average of 5/6 of a yearling used each year

for replacement purposes. This leaves an éveragq of 3 1/6 dairy yearlings
available for marketing each year. If each yearlgng_weighs 700 pounds,
dairy yearlings supply a total of 2217 poﬁnds of meat;for the market each
year,

Beef cows are replaced every six years. Thus, an average of two cows,

each weighing 1200 pounds, are reblaced each.year. A death loss of one

. calf a year and the use of two.yearling heifers for replacement stock leaves

nine beef yearlings for the market. The average weight of these yearlinés
is 800 pounds, so a total of 7200 pounds of beef is marketed each year_from
this source, | |

One brood sow weighing.360 pounds is kept on the farm. Prorated, 120
pounds of pork would be sold.each year when the sow is replaced evéry three
years. A six-pig litter with a death loss of one leaves five animals avail-

~

able for the market. Since 1/3 of a pig is necessary for replacement purposes,

lg/ Unless otherwise stipulated, all 1953 prices are derived from Montana
Federal Ag. Statistical Service for 1953, ope. cit. :
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'4 2/3 pigs weighing 200 pounds are available for harketing.

Each hen lays 140 eggs per year, gg/ At any one time, 80 percgntlof
the flock is considered as laying hens. Each year, 20 dozen eggs are set
on the farm buf due to infertiiity, death loss, etc., only 150 of the chicks
reach maturity. Half of the parenf flock is replaced each year so 50 old
chickens are available for marketing along with 100 spring chickens. .Home
consumption was estimated on the basis of a four member family.

" The direct expenses of the livestock enterprise is shown in Table V,
Home grown feeds are shown as well as purchaéed feeds to illustrate the
feed requiﬁements of the livestock. 2l/ The average yields of the feed
crops for ail farms in the sample were uéed as. guides to amounts of feed
available for the livestock.

The artificial insemination fee was eétimated at $9.50 per animal,
Veterinarian expenses were also an estimate. Depreciation is charged only
for buildings and equipment used exclusively by the enterprise to which

that depreciation is charged. gg/

Labor - -

The total amount of labor supplied each month by the farmer and his

20/ Montana Ag. Statistics, ope Cite, po 29.

gl/ Feed requirements for livestock are based ons Committee on Animal
Nutrition, Recommended Nutrient Allowances for Domestic Animals, National
Research Council, Washington 25, D. C., Nes. I-IV, revised 1950,

gg/ Building and equipment values based on figures given in Farm Budget Stan-
dards for Irrigated Farming, op. cit., pp. 69-71. Values were adjusted
to 1953 level according te indexes in Farm Cost Situation, ops cit.
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7 Table V. Direct Livestock Expenses
Enterprise Type ‘|Required | Home  |pyrchased | Price ($) | Value
_ Grown [ - ($)
Dairy cows | Alfalfa 75T |75T X X X X X x
' Barley. 146 bu. | 146 bu.| x x X X X X
Pastured 900 900 X X X x X X
Artificial

Insemination| X X X X X X X X 48
Vet, X X X X X X X X 30
‘ Equip. Depr.| x x X x { x x X X 61
Beef cows |Alfalfa | 22T 22 T X x X X X X
Pasture 2160/ 2160 X X X X X X
Artificial 95

Insemination| * X X 3 X X x X 7
Yearlings |Alfalfa 25 T 25 T X X X X X X
Pasture 2700 2700 X X X X X X
Calves - Alfalfa 18 T 18T X X X X X X
Vet, X X X X X X X X X X
Hogs Milk 48254 4825# X X X X X X
Barley 48 bu. 48 bus | x x X X X X
Vet, "X X X X X x X X 25
Bldg. Depre | x X X X X X X X 5
Poultry Wheat 75 bue. 75 bue| x x X X X X
: ’ Mash 6000# X X 6000# 2.74/cwt, 164
Bldgs - Depr. X X X X X "X X X 37
Total $ 535

3. pasture requirements are expressed as cow-acre days per season.

family is given in Figure VII. ‘Assuming a family of four including two

school age children who are old enough to work,.the diagram ipcludes laboxr

devoted to chores as well as field work. The labor available from the

farmer and his wife is constant throughout the year, but the total labor

supply is. increased during the summer months due to the scheel vacation.

It is assumed that the children are able to work part time during May and

,Séptember. The labor available from the family does not include the time
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Figure VII. Labor Requirements of the Farm

650 650
Labor available from
farm family
Man 550-
533,
Hours
of "L5J 1 475
Labor  450- 1
418 N z-J-Labor required by
Per I farm organization
Month
350- 338
313f
300 J 302 900
251~
1 ~r -v _r-
J F M J 0

Months of the Year
Available labor from farm family:
Farmer - 250 hrs./mo. for 12 mos*
wife - s0 K E ki

Boy - 200 k H £ and 100 hrs./mo. for 2 mos.

3
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devoted to management, i.e.,, future planning, sﬁpervision‘of contrast labor
and hired labor, etc. :

Also depicted in Figure VII are the labor requirements of the fafm.
This includes labor required by both the crop and livestock organizations.
A detailed presentation of the requirements of each enterprise is presented
in Appendix (I). 23/ These labor requirements do not include contracted
labor. Contract labor is included in direct crop expenses. For the farm,
as organized here, 135 hours of hired labor is required.

- All labor required over the amount supplied by thé farm family is

hired at an estimated cost of one dollar per hour. Because tﬂis hired labor
-may be used for any purpose and would be difficult to assign to a particular

enterprise, it is listed as an indirect expense.

Machinery Inventory

All machinery used to operate the farm business i$ listed in Table VI.
Except for the tractor, annual repairs of all machinery is estimated to be
2 1/2 percent of the original machinery cost., Annual depreciation is a
linear function of time derived by dividiné the new cost by the lifé span

measured in years. gﬁ/

gg/ The monthly labor réquirements for each enterprise are obtained from
Farm Budget Standards for Irrigated Farming, Ope Cit., pp. 2-34.

gﬁ/ The cost of repairs for the tractor is included in the direct crop ex-
pense "fuel, grease, oil, repairs" as based on a method developed by
Scoville, Orlin Jo., op. 'cits This allows direct costs to be assigned
to the enterprise for which tractor is used. New cost and annual depre-~
ciation of tractor derived from Baker, C. B., Unpublished Data, 1954,
(cont. next page)
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Table VI. Machinery Invéntory
Item New Cost Life | Annual Annual Total
' : (yrsa) Depr. Repairs

Tractor $1,775 16 $221 -2 $ 265
Plow (2B 2w) 548 18 30 $ 14 - 44
Spike Tooth

Harrow (3_59) 80 20 4 2 6
Level 628 16 39 16 55
Float 77 10 8 2 10
Manure Spreader 438 15 29 11 40
Disce. 249 16 16 6 22
Ditcher 234 15 16 6 22
Cultivator

Beets-Beans 345 15 23 9 32
Lifter-Beet 249 18 14 6 20
Drill

Beets-Beans 720 15 48 18 66
Mower T 253 12 21 6 27
Buck Rake . 76 18 4 2 6
Side Del. Rake . 345 15 23 9 32

-+ Hydraulic.-

YFarmhand 1034 15 69 26 95
Drill-Grain 709 15 - 47 - 18 65
Binder 739 14 53 18 71
Post Hole

Digger 364 15 24 9 .33
Cream Separator 272 15 -3 - -
Milk Cooler 383 15 -= - -
Feed Grinder © 410 15 27 10 37
Misc. Tools 287 5 Y 7b 64
Truck 2530 12 211 602 813
Auto (f '

usﬁaiea)‘m 1240 10 124 2550 379
Total $13,985 $1,108 $1,052 $2,204

Aa“Charged to enterprise which has exclusive use of the item.

b auto and truck annual repairs include operating costs.

24/ (conts) Cost and life span of other machinery as developed in Farm Budget
Standards for Irrigated Farming, ope Cit., pp. 55-68.

accordlng to Farm Cost Situation, o ope c1t.

Values adjusted
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Annual depreciation and repairs of equipment is charged directly to
an enterprise when that equ1pment is used exclusively by that enterprlse.
Because of the varlabillty to be allowed in analyzing the cash crop enter-
prise and the multi-use characteristics of most machinery, only the highly

specialized livestock equipment and the tractor repairs are charged as

direct costs.

Building Inventory

The costs, life span,-annual depreciation, and repairs of the farm
buildings are given in Table VII, gg/
 Annual repairs are calculated by the Standard to be "2 - percent of the
original cost. It also assumes that all labor for repairs is supplied by
the farmer.
Annual depreciation is estimated to be é rinear function of time.
Whenever possible, annual depreciation and repairs are charged to the enter-

" prise which demands exclusive use of the building or.structure.

Indirect and Fixed Expenses

Indirect and fixed expenses for the farm are listed in Table VIII.
Indirect expenses include machinery depreciation and repairs (froh
Table VI, page 30) and hired labor (listed in Figure VII, page 32).

Building and improvements depreciation and repairs (from Table VII,
, ,

gg/ Cost, life span, and annual repairs from Farm Budget Standards for
Irrigated Farming, op. cit., pp. 69-750 Values adjusted according to
Farm Cost Situation, o _Bo Clto




L)

-32-

Table VII.. Building and Structures Inventory

Item Cost ‘Life Annual Depr, Annual Total
Repairs ‘
Barn $1,180 | 33 yrs. $36 $24 $60
Granary 420 " 13 8 21
Garage and )
Shop 846 " 26 17 43,
Hog Houses . a o
and_Equipe. 85 ' T == ==
Poultry
House, etc. 740 " - - _—
Barbed Wire
Fence 1,017 " 31 20 51
Woven Wire :
Fence 194 " 6 4 10
Electric
Fence 67 " 2 1 3
Irrigation
Structures 380 " 12 8 20
TOTAL $4,929 $126 $82 $208
@ Charged to enterprise by which it is usede.
Table VIII. Indirect and Fixed Farm Expenses
Indirect Expenses Amount
Machinery Debreciation and Repairs $2,204
Hired labor ; 135 .
| Total Indirect Expenses © $2,339
M

Fixed Expenses Amount
Taxes $ 397
Insurance 60
Building and Improvements Depr. and Repairs 208
Water Charge - 300
Total Fixed Expenses $ 965
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page 32), taxes, insurance, and water charge are listed as fixed costs. gg/

Budget Summary
The budget summary for the‘farm organization described herein is pre-
sented in Table IX. Net farm income is calculated by subtracting the total
farm expenses from the éross.farm income and, for'this‘farm organization,
equals $4,521. This amgunt reﬁresents the return to the farmer for his
labor, management, risk-bearing, the interest on his investment, and the

labor contributed by the family.

Table.IX. The Budget Summary

Receipts | Amount Expenses Amount
Crop $7,752 .Direct: : ,
Livestock 3,253 Crop $3,095 |

Home consumed Livestock 535

products 450 Indirect 2,339

o s - Fixed - 965

Total $11,455 - ' ' . $6,934

NFI T - $4,521

The budget described here will be used to analyze the soil survey
'data., To do so, all parts of the budget will be held constant except the
crop organization. Various yield estimates will be substituted into the
budget for crop production to determine the suitability of the soil survey

data to the economic criteria defined in Part I,

gg/ Taxes, insurance, and water charge are from Jensen, Clarence W., Ope Citae,
p. 66, and are adjusted to 1953 price level by indexes from Farm Cost
Situation, op. cit. ‘
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PART IV - THE SOIL SURVEY
A. The Development of the Soil Survey Information

The development of the soil survey information began with the synthesis

of the soil productivity chart. The discussion of this development includes

.an anlysis of data sources and a descrfption of the procedures used to de-

K

rive the yield estimates and productivity groupings given in the chart.
Next, the formulation of the soil management groups and management recom-
mendations is discussed. A description of the evaluation of the present

agricultural practices of the area concludes this section.

Data Sources

Farm Data - For each farm in the sample, yield data were obtained from

two sources: (1) direct farmer interview and (2) the Huntley Project water
user's census. Thus, for any given farm field during any cropping year,
two yield figures were gathered, one which the farmer feported to the inter-
viewer and one which was reported to the Project, |

An illustration of the farmér interview schedule used is given in
Appendix II. In addition to recording past crop rotations and yields, qﬁes-
tions about fertilizer treatment and ﬁesponse, date of first use of com-
mercial fertilizers, drainage conditions, leveling requirements, culturél
practices, etc., were included,

Each fall after all harvesting is completed and cropyields (except for
éugar beet yields) are available, the Huntley Project Office conducts é

census of water users on the Project. This census includes, for each farm,
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. e
a description of both the livestock and crop enterprise as well as the total
land acreage rented or owned by the farm opérator. A description of the
schedule used to record this data is given in Appendix III,

The data were obtained from 13 of the most extensive ana typical soil
types found on the Project. Since some of the 'so0ils differed only siightly
in physical cha;acteristiés relevant to crop production and because some
soils are most often found in association with similar type soils, fhe 13
soil types were aggregatéd into seven groups..consisting of one or more soil
tybes. Thus, when a farm had a field composed of one or more soils of a
given group, that farm was included ;n'the sample., In total, data were
obtained from 105 fields on 87 farms.

Farm Data, Literature Review - While conceding that farmers are a great

potential source of yield information due to ‘their presence on many soil
types under varying managemeht levels,.othér investigators believe them, in
general, to be a poor source of information. gz/ Farmer memory, they felt,
is not accurate beyond a period of two to three years and, since few farmers
keep accurate yield records, the information obtained.by farmer interview
can be no more accurate than the memory of the farmer.

Little can be found in the literature to suggest the reliabilify others

have -placed upon water users census data obtained by irrigation projects.

gz/‘See Simonson, R. W., and Englehorn, A. J., :"Methods of Estimating the

- Productive Capacities of Soils", Soil Science Society of American Pro-
cedings, 3:247-252, 1938 and U.S.D.A. Handbook No. 18, op, cit., pp. 365-
395, - :
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The Survey Manual lists census data as a possible source of information but

limits its discussion to federal or state census taking. gg/

Farm Data, Evaluation - The yield data obtained from the farmer inter-

view and the Project water users reports are given in Table X. By using the

acreage and past cropping sequence of any giﬁen field (as obtained from the

Table X. A comparisonAof Crop Yields Obtained from Farmer
Interviews and Project Water User% Reports 2

, il Sugar : _ | Spre We
Soil Type || Alfalfa | Beets | Beans. |Oats | Barley | Wheat Wheat |Corn
| (Tons) | (Tons).| (Cwte) {(Bu.). (Bu.) ] (Tons)
PROfl 2.5 | 15.1 | 2460% [a0* [ 53.7% [30.1 | ! 6
L53AL | p1c)l 4,2 16,9 |'1778% |67.5%| 73.8% | 41.7 10, 7%
PR || 2.7 11,57 | 1080° | Ble7-| 50°
PLAAL | pr || ‘3,7 | 16* .| 2200* |64.7%| 50* . !
[BOZAT | PR 2.8 15,3 | 1650 |80 | 63" | 3"
307A1 | FI 3.9 15,6 | 2100%_[90* | 77.5% | 35*
333A1 | PR 2.3 14.6 | 1800 |[68.57 | 407 38.8 | 50%
352A1 | FI 3.0 16,1 | 2000 |69* | 40% - |42.4 | 50% :
DOSAL | PR 2.0 13,1 | 1692 [40.3 | 50.0 | 30.6 | 21.7° | 30%bu,
207A1 | FI 3.1 13.7 ]2260 . |67.8 [ 62,8 |38.9 | 28.8% [43.8%bu,}-
372A1- " * ‘
3-2;4,\1 PR || 2.1 15.0 |2033 [42.5%| 54,3" -[32.2
362k1 FI 2.6 15.6 1950 |71.3"| 56.3% |41.5
PR 1.3 10.4 32,8 | 37,5 |17.3 | 40" 5
P2BAL | 1 2.3 | 12,0 54,9 | 45% 28,8 |40* | 2

@ 1953 yield data obtained from farmer interview i not included because
1953 Project report data was not available at the time of this study.

b project Water User Report.

¢ Farmer Interview Data.

* Five or less observations.

28/ U.S.D.A. Handbook No. 18 op. Cite, pp. 365-395.




b, |} T I R Y R |

-37-
farmer interview) as a guide, the past ciop yields of that given field were
obtained from the Project reports. Thus, the yield data repo;téd annually
to the Project census takers could be compared both by field size and by
yearé_growﬁ to the yield data gathered directly by the farm interview
during the 1953 season.

Yields of the eight most common crops are given for each of the soil
groups. The figures given represent the arithmetic mean of all yields
reported by the farmers, '

It was originaliy planned to separate the farm data into groups
according to management. Thus, for each soil group, it would have been
possible to derive crop yields‘obtained from (say) above -average, average,
and below average soil management levels., The classification of farmers )
into these management groups would have to be arbitrarily done by the inter-
viewer, who would refer to data listed on the interview schedule and'memo;y.
However, it was decided thaf the sémple was not large enough for this pro-
cedure. The mean of all yields of a particular crop on a given soil would,
it was felt, be a less refined but more reliable yield estimates

The Project water user’s census is-conducted, as mentioned previously,
in the fall after all crops are harvested but before the sugar beet yields

are available to the farmers. 29/ In order to complete their census, the

gg/ The sugar beet company measures each field and weighs the beets removed
from it. They are therefore able to determine accurately the yield of
the field. There is necessarily a time elapse before the farmers obtain
the yields, howevers
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Project office obtains the sugar beet acreages and yields directly from the
sugar beet company when that data becomes available. Thus, accurate sugar
'beet yield data were obtained from the Project reports.

Since the yield data obtained from.the-two sources were from the same
fields du?ing the same period of years, the kqowp accuracy of the sugar
- beet dafa obtained from the_Projeet reports made possible a check upon the
accuracy of the information 6btained by the farmer interview. A linear re-
gression equation was computed using the sugar beet yields of known accur-
acy as the independent variable and the sugar beet yield data obtained
from the farmer interview as the dependent variable. ' This equati&n is
illustrated in Figurg VIII. -Tﬂe slope of the estimating equation (Y =
7.5816 + °5484)() is signifiéantly different from that of the "ideal"
. equation (Y = X). |

Some error may have been introduced from the yields obtained from the
Project reports. Occasionaily~fie1ds:are combined or separated‘by farmers
thus causing acreage changes which make it diffiéult to trace the field's
history through past Project reports. Also, sugar beet yields are ‘some-
times computed as an average of several small fields present within a 40
acre unit (the unit size used for census taking) and while the Project re-
port would contain'only an average yieId.figure for the aggrégafe of these
fields, the farmer could report a more accurate figure on the basis of his
krnowledge of the relative productivity of the field.

towards the average. While it might be expected that low yields would be
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Figure VIIl  Comparison of Sugar Beet Yields Obtained from Two Sources

Y =X

=<
"

7.58164- .5U8UX

Estimating equation - Y 7 .5816+ .5L8kX
"ldeal"™ equation -Y

Actual Beet Yields Obtained from Sugar Beet Factory by Project Office (X)
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reported high, it probably would not be foréseen that high yields might be
reported low. ,

The meanlpf all actual sugar beet yields (derived from the Project
reports) was 14.,14T/A while the farmers reported an average of 15.33 T/A.
This represents a 1.19 T/A average discrepancy between the two sources.
This would indicate that, on the average, the interview data possesses a
moderate degree of reliability. | ‘

In general, the Project water.users census was concluded to be a less
reliable source of yield information (for crops other than sugar beets)
than the farmer interview. On some irrigation projects water taxes are
levied according to the relative level of crop yiélds. While this is not
true of the Huntley Project, it could be a factor influencing the farmer,
through mis-information or distrust, to reporf‘yields low. Also, as noted
above; it is often difficult to accurately trace a field's histor& back
through the.Project recoxrds. -

Although farmer memory is not an important consideration because the
census is conducted annually, the repsrts are taken by several different
interviewers who may use varying techniques. There is no way of knowing
which farmers cooperated "actively" or "passively" with the interviewers.,
And, althoggh the Project reports are a source'of yield data for many years
back, it is difficult if not impossible to trace a field's history beyond
the limits of the pastlcropping sequence as obtained from the farmer by
direct interview. Thus, farmer memory becomes a limiting factor to the

usefulness of Project reports as well as direct farmer interviews.
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Finaily, there are criticisms wﬁich apply. to both sources of data.
Yields obtained from farmers are difficult to evaluate because they result
from present and past levels of soil managemenf which is vague and can be
only arbitrarily estimated. Because the ievel 6f soil management varies
between;farmers, it becomes diffiéult %o evaluate .yield differences if a
given crop is_groﬁn on different soils. Many yields, especially those of
feed crops, are never measured accurately by farmers and so a true yield
figure is impossible to obtain. Finally, both sources of information are
subject to human error on the part of bbth the interviewér and the. respon-
dent.

In summary, the farmer ipterview data obtained in this study were
judged to possess a mode;ate“degree of reliability. The Project census
was considered to be less reliable than the farmer interview for crops
other than sugar beets because, in addition to being subject to the farmer.
“interview weaknesses of farmer'memory and the "human element", the Project
qénsus waé limited by additional considé;ations. ’

If yield data of known reliability’could be obtained by the farm
interview method, it would be of great use. Data obtained by farm inter-
view représents yields obtained under many soil management and crop rota-

tion systems. Also, the farm yield data is obtained from the entire range

of variation allowed with a given so6il type by soil sur&eyors.

Experimental Data = Five years after the Huntley Project was opened
for settlement the Huntley Experiment Station was established. That same

year, 1912, a series' of irrigated crop rotations were begun in the Station.
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The original rotations were added to until, in“l941,_the entire seriesm
included 15 continuous}y cropped plots, 11 two-yéar-;otations, 7 three-
year rotations, 6 four-year rotations, and 5 six-year rotations. gg/. The
rotations included alfalfa, sugar beets, oats, wheat, potatoes, corn, flax,
and beans. ﬁarnyard manure was applied to some of the rotations so its
effect on soil fertility could be determined, The rotations were continued
with littlé change until 1941 &hen extensive revisions, including-the use
of commercial fertilizers, were made. Twelve rotations were still in
existance in 1953,

Cultural practices, seeding dates, etc., were held as'consﬁant as
possible throughout the entire period. 31/ However, some variation was
encopntered que to varying. year to year enyironpental conditions,

Experimental Data, Literature Review - Other investigators have found

experimental data to be amoung tﬁe most accurate sources of data available
for soil sﬁrvey purposes. §g/ They have concludéd'that the data is valuable
when determining the'effects of soil ménagement practice; upoq_soil yields.
Furthermore they believed the long time naturé of such data to be extremely

helpful,

§g/ Hansen,'Dan, and Post, A. H., Irrigated Crob Rotations, Huntley Branch
Station, Huntley, Montana, Montana State College Ag. Exp. Sta. Bull,,
Bozeman, Montana, May, 1943. -

§l/ For a more complete description of cultural practices see Hansen,.D.
and Post, As Hog Ibido’ PPe ._6—79

§g/.Simonson, R. W. and Englehorn, As J., Op. Cit., pp. 247-252, and U.S.D.A.
Handbook No. 18, op. cit., pp. 373-374, .
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However, they recommend caution be used whqn'interpolating guch data _
because experimental results are usually obtained under higher soil manage-
ment levels than are achievéd by the average farmer. §§/

Experimenfal Data, Evaluation - The rotation data obtained from the

Branch Station were an invaluab;e source of yiéld information. Becausg data
were available from many rotations of varying length-and crop sequence, the
most efficient crop rotations could be selected.

Long-time crop responses to barnyaid manure were calculated by the
comparison of “manured" rotations to "non-manured" rotations. To a lesser
extent, the response to commercial fertilizers were similarly derived. A
"maximum production" rotation served.to illustrate the crop yields actually
obtginable when fertilizers (N,P.M.) are applied at heavy rates.

Becaﬁse of the léngth of time the rotations were carried on, it was
possible té estimate yields obtainable from the soils of the area ovér long
periods of crop production. Thus, long-time yields estimates were incorpor-
ated into the productivity chart which would have been unattainable from
the other sources used, Finélly, all yield figures from the Branch Station
were obtained from fields subjected to known systems of hanagement.

Almost all of the Totations were carried out on two soil types which
are not found exfensivelyron the Project. Man* assumptions were required
to apply yield and response data obtained from these soils to other soils

of the area. Some rotations, which were laid out in transition zones

33/ U.S.D.A. Handbook No. 18, Op. Cite, po 374.
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between the soil types present could not be. used without qualification.
‘Statistical analysis was made difficult because the rotations were not
replicated, comparable rotatioﬁs were placed on different soil types, and
varying cultural practices were used on the rotations (such_as fall or
spring seeding of alfalfa).

As new crop varieties became available, they were introduced into the
fotations. Some distortion of crop yields may have been caused by this
practice.

Although commercial fertilizers were -introduced in 1941, (other than
the maximum production rotation which was begun in 1929) the fertilization
trials were conducted on plots with varying crop history so that comparisons
of iesulting crop responsés between soils and rotations were made difficult.
Finally, most of these fertilized experiments were discontinued before
usable data was obtaine&. | |

In summary, despite the above shortcomings, the experimental data
obtained from the Huntley Branch Station was-judged,to‘be the most usable
and reliable information available. It provided (1) data to judge the
relative merits of different cfop rotation, (2) crop yield responses to
fertilizers over short and long time periods, and (3) estimates of soil

depletion over long time periods from fields subjected to known cropping

history and soil management levels.

Chart Synthesis

Type of Chart - From the outset of the chart development, it was

desired to synthesize a productivity chart which would give yield predictions
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for three levels of soil treatment. Because this would require extensive
yield data, the predictions were limited to the most typical crops of the
area: alfalfa, sugar beets, beans, oats, barley, spring and winter wheat,
corn, and pasture;

In order to fully utiiize the yield information obtained from the
Hunﬁley Branch Experiment Station, all yield predictions given in the chart
were defined to be the yields obtained when‘the cCrops are grown in a six
year, one-half time legume rotation.

Finally, while it'Wag realized that farm management efficienC&, in
general, rises with or before crop yields increase, it was assumed that,
even under the lowest soil treatment level, farm cultural practices were
never limitind to crop yields. Therefore, the yield differences between
soil fertilization éreatments-used on a given soil would be due, as much
as possible, to the variations in fertilization.

Yield Syntheses - The imitial productivity chart included only the

seven soil groups on which yield data were obtained. As previously men-
tioned, the farmer interview data were summarized in terms of arithmetic
means. These means are an'average of indiviéual'crop yields which resulted
from soil fertilization tréatmenté varying from high to low. And, the
farmer interview data is also representative of the variation of crop &ields
resulting from the variation within a given soil type. By regarding the
interview information as a&erage yields obtained by the farmers of the Pro-
ject, "benchmark" yields were established fér each of the eight crops when

grown on each of the seven groups of soil.
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Next, a study of the experimental rotation data was made to ascertaip;
as near as possible, the exact incfement in crop yields which could be
expected when maﬁure,'commercial fertilizers, or bofh, weie applied to a
rotation. These yield increases due to fertilization could be applied '
directly to one soil group but had to be tempered according to the felative
merits of the soils involved.when applied to the other six soil groups.

From the study of the experimental data, it was decidéd that the
average of the yield data obtained from_tﬁe farmer interview could most:
nearly be equaled (given the management condition$ genérally found on most
farms in theharea) by barnyard manure épplicétions to the soil. fhe soil
fertilization treatments were tﬁen establighed to be:s A. no treafment;

B. barnyard manure applied‘at‘the rate of 15 T/A once during the rotatlon
period; C. barnyard manure applied at the rate of 15 T/A, nltrogen (NH40H)
applied at 100#/A and phosphorus (TSP) applied 100#/A, all applled once
during the rotation period. These soil fertilizat;on treatments corre-
sponded to similar soil treatments found on rotation data from the Experi-
. ment Station.

‘ fhe initial chart, then was formed using the farm data to establish
benchmarks with yield variations which result from increased or decreased
-fertilization derived from the experimgntalvdata, The soil treatment levels
defined for the productivity chart wére similar to soil treatment levels
used on the experimental rotations. This facilitated the usé of the
.experimental data, |

Grouping vs. Individual Ratings - When the intial chart was enlarged
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" to include all soils of the project, the problem of group estimates versus
individual soil estimates arose. Grouping involves .selection of soils with
similar productive capacities and calculating yield estimates for the group
‘as_a wholes Individual soil estimates involves deriving a yieéld estimate
for each soil in the Projecta.,lt‘was decided to formulate é productivity
chart by each method and the two could then be compared.,

For grouping purposes, all soils which were estimated (by use of daté
. or field observation) to have nearly equal or, equal productivities were
' grouped together. To keeéithe groups as homogéneous as possible,;soils of
similar productivities but which differed widely in physical charécteristics
were split into separate groupg. Finally, a product1v1ty chart, based upon
the intial chart of seven soil .groups, was formulated for all groups using
field observation as -a guide. ' (This chart is on page 78). |

To establish individual ratings, the original seven soil groups were
used as benchmarks and fieid,observations and experience were ﬁsed to cal-

cuiate yield estimates for each soil. (This éhart is presented on page 80).

N

Soil Management Groups

!
In addition to giving productivity ratings on the Project soils, soil

management recommendations were made. To facilitatefmanagement recommenda-
tions the Project soils were classified into management groups according to
the physical characteristics of the'soii. These characteristics were depth
to gravel, salinity, drainage, and substrata texture; On this basis, the

soils were classified into 15 management groups.
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Fertilizatipn,_qyop rotation, irrigation, drainage, and reclamation
practices are dispussed in relation to each management group. However,
any of these factors considered not relevant to the group being discussed
is omitted. Recommended management practices are based upon field obser-
vation, |

Integration‘gf Productivity and Management Groups - When the produc-

tivity groups and the management groups were compared, they were found to
be almost identical.. There were 12 producti&ity groups and 15 management
groups. In order to simplify the study, the producfivity groupings were
enlarged and made comparéble to the management groupinés.

This integration would probably not be feasible when many soils are
involved. In such a case the discrepancy between the number of productivity
groupings and the number .of management groupings might be too laige to
permit effective integration. The present study, however, included only 53

soil types which were ultimately divided into 15 groups.

Agricultural Practices

The section of the Soils Chapter dealing with agricultural practices
accomplishes a dual purpose. First, it describes the present agricultural

practices of the area and, secondly, it discusses each practice and'éuggests

general procédures which pertain to each practice. The information given is

based upon field observation and general experience in the area.
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B. The Soil Survey Information: Use, Managément,
and Productivity of Huntley Project Soils

Discussion of the uge, hanagément and yield of Huntley Project soils
is divided into three parts., First is a description of the agricultural
practices commonly followed on the Project coupled with‘a discussion of
these practices'A° vTillage and irrigatioﬁ practices, drainage facilities,
crop rotation, and fertilizers are considered in this first part. Secondly,
soil management practices are discussed. To facilitate this, the Project
sﬁils have.been divided into management groups consisting of soils with
similar management characteristics, iManagement practices Ealientito eéch
group are described. Finally, the included charts are described and their
use is explained. Along‘with this, soil treatment levels and assqmptiops

necessary for the use of charts are stated.

Agricultural Practices

Tillage Practices - Fall plowing of cropland is a common praétice
on the Huntley Project. Because of the high clay content of many of the
Project soils, plowing with a moldboard plow will often form large clods.
When the soils are plowed‘in the fal;, climatic weathering agents effectively
break down these clods during the wihter months. Seedbed preparations in
the spring are thereby simplified. Seedbeds are prepared by alternate
disking and leveling until the field. is level and optimum soil tilth is
reached, -

Weeds - Control of weeds.is accomplished by crop rotatidns, tillage

of row crops, and use of weed sprays upon small grains.
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Discussion: Noxious weeds have become a problem of considerable p¥oportibn
in the Huntley Project in recent years despite the development and widespread
usé of herbicides. Canal and ditch banks, roadsides, and perﬁanent pastures
provide ample space for noxious weeds to grow and irrigation water is a
ready means of transportation for weed seeds so produced. Weed seeds, then,
are spread directly on the croplands by irrigation water. Irradication of
the weed problem will come, not with effective control of weeds within the
farm fields alone, but with elimination of noxious weeds wherever faund on
the Project, .
Irrigation - Water'for irrigation is diverted f;om-fhe Yellow#tone
River. 1It.is pléntiful in supply and of a good quality fér irriga%ioﬁof
Because the topography of thé valley is nearly level and furthér leveling
may be satisfactorily accomplished, flood irrigation is commonly. practiced,
Border dikes are used for water control on small grains, pasture and hay
crops. Furrow irrigation is used on row crops. Soil slope steep enough
to cause erosion is not a common problem on the Project.
Discussion§ 'Irrigétion‘is one of the mosf important prbblems:on,the Huntley‘
Project. Excessive application 6f irrigation water coupled with seepage
from canals and inadequate drainage facilities has caused seeped or saline
conditions to limit the agricultural psefulness'of'many soil areas, fhis‘is
because the water table, saiine from soil minerals leached into it, is
raisea into the plant root éone by over irrigation. Seeped and usually
saline soiis result. |

Proper irrigation (plus improved drainage which is discussed next)




ALY, LIl LIl

o=91-

. . \
involves consideration of slope, soil infiltration rates, plant water
requirements, depth of water table and weather conditions.

Soil slope should be such that irrigation waters will cover a f1e1d
with a minimum of .erosion but yet provide the desired amount of water.
Slope should be considered along w1th the infiltration rate of water into
the soil. Ideally, 501ls that take water slowly should be irrlgated on a :
slight slope-so that the water will remain on the soil surface long enough
to permit sufficient penetration without excessive runoff, and, as soil
infiltration rates increase, soil slope shduld be. increased. However,
soil slope is often not ideal or easily varied and other irrigation practices
must often be used to gain the desired result. The use of small heads of
water and Ehort water runs will reduce erosion and the amount of water
infiltration into light textured soils while long water runs and large
heads of water will increase the water infiltration rate into heavy textured
soils (and also increase the amount of erosion),

As discussed previously, depth of water table is important to proper
irrigation. A high water table requires light water applications to pre-
vent raising the water table into the root zone.

Irrigation préctices shduld be. varied with crops. Hay and pasture
crops root deeper and should be irrigated to a lower depth than other crops;
In general, a.three-fdot depth is satisfactory for row crops and small
grains while five feet should be sufficient for other crops.

Current weather conditions should be considered when irrigating.
Factors which affect evaporation rates, i.e., temperature, humidity, air

movement, should affect rates of water application. Rapid drying will
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result from high temperatures, low humidity, -and rapid air movement,

Drainage -’ Drainage facilities of the'Project con§ist of tile and
open ditch drains. In some localities the ;ysﬁem is inadequate in terms
of the gmount of water requiring disposal under the present conditions,

" In addition to the excess of water from irrigation, losses from irrigation
ditches due to seepage (and some evaporation) have been estimated to be as
high as 60 percent of the diverted water. Drainage problems are accentuated
by large. areas of soils with low permeability which hgmper water movement
and soil drainage.

Discussion: Enlargement of drainage facilities is needed on the Project

and care should be taken to insure that all drains, whether open 6r tile,
are deep e€nough to adequately dfain the entire soil profile instead of
removing the surface water only. Ditches should have sufficient slope to
carry water'away rapidly,.

Improved drainage along with controlled irrigatioﬁ will improve soil
aeration, increase the plant rooting zone, warm the soil and permit
leaching of excessive salts from soils by providing a means of disposal
for these salts,

Crop Rotation - No definite crop rotation is used univeisally through-

out the Project. In general, legume crops, when planted, are allowed to
_remain as long as yields remain satisfactory. Small grains are almost
universally used as hay and pasture nurse crops while other crops are
grown according to the farm opérator's needs and desires.

Discussion:. While it would be illogical for a farmer to follow specific
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rotation, beneficial results may be obtained by following a proper sequence

of crops. Alfalfa, clovers, or pasture should be followed by row crops to

_ provide for maximum use of the nitrogen left in the soil by these Crops.

Small grains should be last in the rotation because in addition-tp their
moderate plant nutrient requiréments they serve as nurse crops for hay and |
pasture seedings. |

Rotations help to control weeds. Mowing of hay, cultivation of row
crops and spraying of grains provide an effective defense for the farmer ,
aga}nst weeds. Likewise, disease can be controlled by a sequence of 6ro§os°
A host crop, once grown, will not be grown again for several years, Thus,
the'disease organisms will perish for lack of proper environment.

A rotation should, for most soils, be at least half-time legume. That
is, a six-year rotation should have three yeérs of legume. This will pro-
vide for maintenance of pitrogen and organic matter but is not protection
against soil deplétion. Phosphorus is used heavily by legumes and row
crops and if'not replaéed its deficiency will cause declining yields.

Fertilization - Barnyard manure, green manure, commercial nitrogen and

phosphorus fertilizers are all used on the Huntley Project. The type and

rate of fertilization varies with the farmer, soil, and crop.

Barnyard manures are commonly applied in the fall preceding row crop
growth. The following spring, commercial nitrogen and phosphorus fertilizers
are drillea as tﬁe crop is seeded and additional nitrogen is often sidedressed
later in the season., When row crops are not grown, fertilization is

carried out on either the cash grain crop or the hay crop.
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_Green manuring practices are not as easily described. One common
practice is to plow under the last hay crop.of fhe season. Another is fq
raise an aghnual clover, either.alpng_or with a small grain nurse crop, and
turn it under in the fall. If a nurée crop is used, the green manure crop
is irrigated once after the grain is harvested. |
Discussion:  Commerical ferfilizers increase soil fertility by adding
plant nutrients in a form usable by plants. Nitrogen and phosphorus will
often become depleted in a_soil even when good farming practices are
followed but ferfilizers are not used. Green manuring legumes will main-
tain (possibly increase) the nitrogen content of the soil bgt does not add
phosphqrus; which is heavily utilized by many crops including alfalfa and
sugar beets. Since barnyard manure is also low in phosphorus, commercial
fertilizers are the only available source of phosphorus. Commerciél
nitrogen may be used in rotations where nitrogen consumption is high,

Barnyard Qanure and green manure, besides supplying piant.nutrients,
add organic mafter to the soil. Organic: métter will combine with ‘elemental
nitrogen and prevent .its (nitrogen) rapid removal by leaching. Organic
matter improves the physical condition of the soil, i.e., permeabiiity,
water holding capacity, aeration, and drainage of excess water, etc.
Improvement of permeability is especially beneficial to clay soils.

Fertilizers may be combined‘in‘mény ways to prdduce the result desired
b? the farmer. For example, legumes or non-legumes in the form of greeﬁ
manure can effectively replace barnyard manure if equal amounts of organic

matter are added and supplemental plant nutrients are supplied by use .of
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commercial fertilizers., Or if a rotation'that maintains soil organic.
matter is used, complete fertilization may be accoﬁplished by use.of com-
mercial fertilizers.

Fertilization procedures will depend upon the nutrient requirements of
the crops grown and the inherent or present fertility of the soil type on
which they are grown. For example, the crops in some rotations flourish
with barnyard manure applications while others will neéd manﬁre plus com-
mercial fertili?er. Similarly, an inherently fertile soil will require

less fertilizer for the same rotation than an inherently infertile or a

depleted soil,

Soil Management Practices for Huntley Projecf Soils §ﬂ/

GROUP I -- Highly productive silt loam to silty clay loam soils.

153A1 - Harlem-Havre silt loam, nearly level

155A1 - Harlem silty clay .loam, nearly level

333Al - Fort Collins silt loam, nearly level

334A1 - Fort Collins clay loam, nearly level

352A1 - Fort Collins silt loam, moderatély deep, nearly level
‘354A1 - Fort Collins clay loam, mederately deep, nearly level
312A1 - Fly Creek loam, nearly level '

314A1 - Fly Creek clay loam, nearly level

These are well drained, non-saline, deep soils with weakly to moder-
ately well developed profiles and stratified loamy to clay substrata. They

are well suited for cultivation.

34/ Crop rotation, fertilization, irrigation and drainage practices are.all
T discussed here only .in relation to each soil group. Any or all of these
practices are not discussed if they are considered irrevelant. For a
complete discussion and understanding of each practice, refer to the
section which describes and discusses agricultural practices of the
Huntley Projeéct. The contents of this section of soil management is

presented briefly in Table XI, page 72.
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The soils of this grdup comprisé.much of the finest farmland of the
Huntley Project. They are highly productive of all crops grown in the area
including sugar beets, beans, wheat, corn, oats, barley, alfalfa, and grass
and legume pastuie CIrops,
Crop rotation: Hay or pasture crops (preferably legumes) should be
grown at least one-third of the fotation period; for
instance, fwo years out of é six—yeér rotation should

be alfalfa,.

Fertilization: Substantial crop increases may be obtained from use of

barnyard manure and commercial fertilizers (see Produc-

tivity Chart). Because the high crop yields these
soilé are capablé of producing draw heavily on plant
nutrients, heavy fertilization is needed to maintain
their inherently high fertility level.

Irrigations Light and frequent irrigations using short water rung
is recommended. Care should be taken to prevent‘overé
iirigation and consequently, excessive leaching and
erosion of these highly permeable soils.

GROUP II -- Highly productive élay soils,

304A1 - Nunn clay loam, nearly level .
307A1 - Nunn silty clay loam, nearly level

The soils of this group have clay substrata, are well drained and
non-saline. They have moderately well developed profiles and are very

deep and well suited for cultivation.
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These soils are highly productive of all crops commonly grown on the

Project including sugar beets, beans, wheat, barley, oats, corn, alfalfa,

and pasture mixtures.

.Crop rotation:

Fertilization:

Irrigation:

Rotations should include at least one-half time hay
or pasture crops (preferably legumes). Power and
breakage expenses are high on these soils, due to
their clay texture, so crops which require a minimum_

of plowing and cultivation are recommended (hay, pas-

"ture and small grain) although all crops grow well,

Large yield increases are obtainable with full fertili-
zation (see Productivity Chart). To improve their

physical condition large amounts of organic matter

"should be supplied to these soils by either green

manuring or applying coarse barnyard manure. Nitrogen
fertilizers will incréasé‘crop production while phos-
phorus fertilization usually, but not-always, is —
beneficial.

Long water runs may'be desirable to permit a lﬁnger

period for water to infiltrate into these slowly

‘permeable clay soils without excessive water loss due

to runoff.

CGROUP III -~ Highly productive loam to fine sandy loam soils.,

102A1 - Havre loam, nearly level
101A1l - Havre fine sandy loam, nearly level
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These soils have stratified sandy to loamy substrata, are non-saline
and well drained but lack any readily apparent profile development. They
are very deep and well-suited for. cultivation.

This group is highly productive of all crops grown in this area.
Sugar beets; wheaﬁ, barley, oats, beans, corn alfalfa and pasture mixtures
are all coﬁmonly found on this soil. o |

Crop rotation: Hay or pasture crops (if possible, legumes) should be
' grown -on these soils at least 50 percent of the fotation
period.

Fertilization: ?his'group of soils is inherehfly low in plant nutrients

'.énd organic matter. Therefore, complete fertilization
- (manure, nitrogen aﬁd phospho;us fertilizers) can in-L
crease yields markedly (seé ProductiQity”Ghartj.““Erg-
quent green manuring or hga?y applications of barnyard
manure should be made to add organic matter to these
_soils. Similarly, nitrogen and phoéphorus fertilizers -
_should -be used to raise the productivity of these -soils.,
Irrigations Leaching and erosion are tﬂé~p¥incipal hazards. when
irrigating thése soils. Therefore, irrigations should
be light and frequent over a short water run.
GROUP IV -- Productive, slightly saline, loamy soils.
109A1 - Havre loam; slightly saline, nearly level -
Stratified ;oamy_to sanéy_substrata typify this group of slightly

saline soils. These soils are moderately well drained and have no readily
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apparent profile development. They are,very'deep and_easily cultivated.

This group of soils is productive of all crObs common_to the_area,

Yields are slightly below those of Group III due to spotiness caused by

salinity., _

Crop rotation:

Fertilization:

Irrigation:

Drainage‘and/or

Rofatidns should be more than 50 percent hay or pasture.
While beans may be grown with some success, other crops
which are more sait tolerant (sugar beets, small grains)
should be grown,oﬁ these soils,

Sizeable crop increaseé are obfaineq from complefem
fertilization of these soils (see Productivity Chart)t
To improve the_physical-propertiés and aid in reclama-

tion of these soils, organic matter should be added

by frequent green manuring or heavy applications of

barnyard manure. Also, heavy applications of nitrogen
and phosphorus fertilizers will increase yields markedly.
Light, frequent irrigations with short water runs will
preveﬁt excessive erosion and leaching of plant nutrients
from these soils;

réblémations These soils vary from Group III soils in
salinity only. These salts may be removed by improving

the drainage where neceséary and leaching with irriga-

tion Water. Applications of large amounts of organic’

' matter are also beneficial (as stated above).
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GROUP V -- Productive,.moderately well developed, moderately deep, loam to
clay ‘loam soils.,

364A1 - Fort Collins clay loam, moderately deep, nearly level
362A1 - Fort Collins loam, moderately deep, nearly level

Soils in this group have loam to_clay loam subsoils overlying gravelly
substrata at depths of 20 to 36 inches. They are well drained and non-saline
with moderately well developed profiles. Although of moderate depth they.
are suitable f9r~cultivation.

These soils are productive of all crops commonly grown in the area,

Crop rotatioris: Hay or pasture crops should compriée at least half of

any rotation used on these .soils.

Fertilization: Yield increases of sizeable amounts will result from
compléte fertilization (see Productivity Chart);. To
insure maximum water holding capacity in these moderately
deep soil;, organic-mattef should be added either from
frequent green manuring or heavy barnyard manure
applicaﬁions. Nitrogen and phosphorus fertilizers are
both needed to obtain maximum yields from these soils.

Irrigation: Irrigations shogld be light to prevent le;ching in
these moderately deep (20-36") soils but frequent
enough to prevent crops from suffering for lack of
water. (Droughtiness due to excessive drainage may'
occur because of the .soils' depth to gravel.) Short

' water runs will also help prevent ieaching due to over-

irrigation,
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GROUP VI -- Productive, moderétely deep,‘siltf clay loam to very fine
sandy loam soils with little or no development.

145A1 - Harlem silty clay 1oaﬁ, moderately deep, nearly level

122A]1 - Havre loam, moderately deep, nearly level

121Al1 - Havre fine sandy loam, moderately deep, nearly level

These soils have stratified‘sandy loam to clay loam subsoils whiqh
' grade into loosé sand gravél between depths Sf‘ZO to. 36 inches. ‘They are
suitable for culfiiration e\.ren though they are. of moderate depth.

This group of soils is"p;oductive of all crops commoniy grown in the
area including sugar beets, beans,-ﬁheat; cdrh, oété, barley, alfalfa, grass
and legume pasture mixtures. |

Crop rotation: Ha? or pasture crops should occupy more.thén half of
~theirofafibn; All other crﬁps may pé grown as desired.

Fertilization: Green manuring or barnyard manure.plus}nitrogen and |

| | ‘phbsphorus fertilizers can increase crop yields size-
able amounts on these soils (see Pfoductivity Chart).
Heavy use of barnyara or green manure is essential to
create 6ptimum water holding cépacity in these moder-
ately deep, light textufed soils,

Irrigations Because of their moderate depth, fhese soils are
susceptible to leaching and droughtiness. Irrigations
should be light and frequent to prevent leaching.
Water runs should be short and,‘if possible, on slopes
which are lével enough to prevent erosion and still

provide for rapid water coverage.
: i




) ai— k10 L S YO S 8 | i

- -62-

GROUP VII -- Productive, slightly saline, clay to silty clay loam soils.

235A1
237A1

Ballantine silty clay loam, nearly level
Ballantine silty clay, nearly level

247A1 ~ Pryor silty clay, moderately deep, nearly level

205A1
207A1
209A1
239A1

Pryor silty clay loam, nearly level
Pryor silty clay, nearly level

Pryor clay, moderately deep, nearly level
Ballantine clay, deep, nearly level

These are very deep to moderately deep soils which are slightly saline,

moderately well drained and have clay and stratified clay to sandy loam

substrata. All soils are deep enough to allow satisfactory cultivation and

all soils show slight profile development.

This groﬁp of soils is productive of all crops commonly found in the

area including sugar beets, wheat, barley, oats, corn, legume and grass

pasture mixtures. Beans may be grown but are not as well adapted as the

crops previously mentioned.

Crop rotation:

Fertilization:

To supply organic matter qeedediin these soils, hay or

pasture crops should comprise up to 75 percent of any
rotation used. BecaﬁsF their heavy texture causes
high power and breakage expenses when plowing or
cultivating it is desirable to keep ‘these soils in
hay and,past&re as much as possible. Also, beans
should not be included in any rotation because they
lack salt tolerance.

Sizeable crop inéreases can be obtained from heavy

applications of green or barnyard manures along with

nitrogen and phosphorus fertilizers (see Productivity
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Chart). Organic matter is badly needed in these soils
to improve their physical condition. Coarse organic
material which decomposes slowly (sweet clover, straw)
should be used in preference to green, succulent mate-
rial, Manure (green or barnyard) should be applied
often, | |

Irrigations Long water runs may be used on this gréup of soils for
they have slow infiitration rates. Light irrigations
should be practiced to prevent over-irrigation of these
naturally wet soils. Also because of their wetness,
they should not be irrigated as frequently as lighter
textured, better drained soils.,

Drainagég Improved drainage is often needed on these soils. The
slow internal drainage of these soils limits the value
of drains but does not render them useless. Drains
should be deep and carefully laid out. However, care-
ful irrigation is important even when good drainage is
available for these soils. *

GROUP VIII -- Productive, clay loam soils with scattered “slick spots".

264A1 - Fort Collins-Arvada clay loam, nearly level ‘
269A1 - Fort Collins-Arvada clay loam, deep, nearly level

The soils in this group have stratified sandy loam to clay loam sub-
strata. They are slightly saline, moderately well drained, and exhibit
moderately well developed profiles. Théy are deep enough to allow satis-

factory'cultivation. Spots of plastic clayey soils difficult to manage are
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scattered throughout these soils.

ALl crops are produced moderately well by these soils. Crops commonly

grown are sugar beets, wheat, oats, barley, beans,'corn, alfalfa and legume

and/or grass pasture mixtures.

Crop rotations

Fexrtilization:

LY

Irrigation:

Drainage:

One-half (50%) of any rotation used on these soils
should be hay or pasture.. Other crbps‘all_grow well
enoﬁgh to be used as desired in the rotation.

Moderate increases in crop yields can be obtained with
complete fertilization practices (see Producﬁivity
Qhart). Gfeen manure or barnyard manure shouid be
applied’ frequently to add organic matter to the ‘solonetic
areas (slick spots) in these soils. This group re-
spondS~We11 to commercial nitrogen and phosphorus
fertilizer treatments.

Erequent and light irrigations over short water runs
will help prevent these moderately well drainéd soils
from becoming seepy.

Drainagé is not a serious problem on these soils but
may frequently be improved by deep tile drains or open

|

ditches.

CGROUP IX -- Moderatély productive, moderately saline, silty clay loam and

clay soils with scattered slick spots.

225A1 -‘Pryor-Nibbe silty clay loam, nearly level
227A1 - Pryor-Nibbe silty clay, nearly level

These soils have éilty'élay substratum, are moderately saline with

scattered "slick" spots, are moderately well drained and exhibit slight pro-

file development. They are very deep and may be cultivated.
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These _soils are moderately productive of all crops commonly found on

the Huntley Project with the 9kceptiog of beans. _

Crop rotation:

Fertilization:

Irrigation:

Drainage:

Hay and pasture crops should comprise at least 75
percent of any rotation used on_these soils. Since )
power and breakage costs are high on these clay §oils,
it is desirable to keep plowing and cultivating costs
to almiéimum by growing hay crops, pasture or small
grains. If row crops are grown, beans are not recom-
mended for they are intolerant to salts.

Crop increases of moderate amount can be obtained

from fertilization of these soils (see Productivity
Chart). Because organic matter will improve the
physical conditions of these‘soils, heavy applications
of manure-(barnyard or green) will behéfit crop yields
more than commercial fertilizer applications. " The
latter are beneficial, however,

Irrigations should- be light and 6ver long water runss.
Because thg;e soils are naturally wet, care should be
taken not to apply water too often in excess amounts.
Although the permeability of these soils is low, deep’
open ditch or tile drains are usually beneficial to

them,
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GROUP X -- Modé:ately productive, very shallow soils.

874A1 - Larimer clay loam, nearly level
372A1 - Larimer loam, nearly level

This group of soils is shallow (sometimes gravelly to the surface),
noh-saline, excessively drained, and has moderately well developed profiles.
The shallowness causes plowing and cultivatiﬁn to be difficﬁlt but not-
impossible. . |

These soils are moderate;y productive of crops commonly found in the
area including sugar beets, géans, corn, 6ats, barley, Wheét, alfalfa and
legume and/br grass paéture mixtures.

Crop rotation: XIt is rgcommended>that thése soils be kept in hay and

pasture crops. Other crops are not usually recommended
(but sometimes grow very well) because the gravel in
these soils makeS'plowing and cultivation difficult.

Fertilization: Complete fertilization of these soils may increase

yields moderately (see Productivity Chart). Green
manure and barnyard manure will add organic matter

_ which will incrgase the water holding capacity of these
soils apd reduce leaching of plant nutrients. _Since
these soils are easily leached, commercial fertilizers
usually give beneficial (if short lived) results.

Irrigation: Short water runs coupled with very light, frequent

irrigations are recommended for these excessively
drained soi;s. Care must be taken not to leach plant

nutrients from the soile
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GROUP XI -- Moderately productive, imperfectly drained, loam to silty clay
loam soils. ‘

158A1 - Harlem silt loam, moderately saline, nearly level

159A1 - Harlem silty clay loam, moderately saline, nearly level
252A1 - Ballantine loam, seeped, nearly level

255A1 - Ballantine silty clay loam, seeped, nearly level

The soils in this group have stratified light loamy to clay substréta,
are moderately saline and impe;feétly drained, and have no readily apparent
profile deVelopment° . They are deep and suitable for cultivation.

Alfalfa, sugar beets, wheat, barley, oats, corn and pasture crops are
all moderately well suited to these soils. Beéns dé not have enough salt
tolerance to grow‘well in these soilg.

Crop rotations: Rotatioﬁs on these soils should include up to 75 per-
cent hay or pasture crops, Beans are not recommended
because they are not tolerant to salts.

Fertilizations Complete feitilization (commércial fertilizers, green
or barnyard: manure) will increase crop yieids moderately.
Manure (green or barnyard) will improve these soils
and should be used gengrouslf on them, Commercial
fértilizers (without manure) are not as beneficial to
these soils as manuring (without commercial fertilizer).

Irrigations Light and frequent irrigations over short water runs
are recommended for this group. Excess water may be
applied if drainage conditions will‘perﬁit leaching

operations to reclaim these soils.
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‘Drainage and reclamations: brainage of thesé soils caﬁ usually be im-
proved by deep open ditch or tile drains. Once drainj
age is iﬁproved, leaching will remove the salts from
the soil, |

GROUP XII ~- Moderately productive, moderately saline, imperfectly drained,
clay and silty c;ay soils,

217Al - Pryor silty clay, seeped, nearly level
228A1 - Pryor-Nibbe clay, nearly level

These soils have clay substrata, aré”imperfectly drained, ére moderateiy
saline, and have slightly developed profiles. They are deep and may be
cultivated,

This group is moderately productive of leéume’and grass pasture or
hay crops. Small grains sometimes attain fair yields but cultivated crops
are not recommended.

Crop rotation:bilt is recommended that hay and pasture crops be grown
exclusively on these soils. ,Cﬁlti#ated crops are
vdifficult and éxpensive to raise because power and
breakage costs are high and yields are low on these
heévy, saline, poorly drained soils. Fair small graih
crops may be grown if they are preceded by green
manuring with a héavy, coarse legume or grasé CIrope

Fertilization: Heavy applications of barnyard or green manure are
beneficial to these soils. Commercial fertilizers

will increase yields little, if any, when used alone
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on these soils but are moderately beneficial when
applied in conjunction with manures. When green
manuring is practiced, coarse materials which provide
more aeration and decompose slowly are preferable to
fine succulent Qrdwthso
Irrigations Irrigation shéuld be light on these naturally wet
. s0ils. Using small heads of water over long water
runs will allow water penetration without excessive
runoff loss.
Drainage ‘and reclamations Drainage improvement is limitéd because of
the slow internal drainage of these soils. They can
‘be benefi%ed‘somewhat by broper drainage facilities,
however. Since unsatisfactory physical conditions are
responsible for much of this group's low productivity,
large quantities‘of coarse organic métter should be
- used on these soils. | |
GROUP XIII -- Shallow soils, poorly suited to cultivation.

370A1 - Larimer gravelly loam and sandy:loam, nearly level
10A1 - Havre gravelly loamy fine sand, shallow; nearly level

These are“very shallow, excessively drained soils which are frequently
gravelly to the surface. They are droughty; too gravélly for satisfactory
cultivation, and poorly suited to crop growth.

This group of soils is cultivated only because of its association with
arable soils. .When foupd-in sizeable areas it is left in native vegetation;

thus, management practices are not discussed for it. Because these soils
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are present as small inclusions within arable soils, productivity ratings

are given for then.

GROUP XIV -- Alluvial soils, not suited to cultivation.

2A1
3A1
4A1
8A1
9AL
11A1

These

Alluvial soils,
Alluvial soils,
Alluvial soils,
Alluvial soils,
Alluvial soils,

loamy, nearly level
loamy, saline, nearly level
loamy, seeped, nearly level
clayey, nearly level
clayey, saline, nearly level

Banks soils undifferentiated, nearly level

soils are sandy to clayey alluvials found bordering rivers,

streams and low, marshy areas. They may be saline and/or seeped and have

extreme fluctuations in depth. They have no sizeable areas suitable for

cultivatione.

Because cultivation of these soils is impractical, they are commonly

left in native vegetation and used for pasture.

GROUP XV -~ Saline and alkali soils, not suited to cultivation.

407A1
422A1
425A1
429A1
432A1
452A1
455A1
458A1

- Nibbe silty clay, nearly level

- .Mossmain loam, nearly level

- Mossmain silty clay-loam, nearly level

- Mossmain clay loam, nearly level

- Mossmain loam, very poorly drained, level

- Arvada-Mossmain loam, nearly level

- Arvada-Mossmain silty clay loam, nearly level
- Arvada silty clay loam, nearly level

These soils have stratified loam to clay substrata, are strongly saline

and/or alkali and imperfectly drained. They are unsuitable for cultivation.

Even when found in areas large enough to warrant individual -treatment,

these solls are best left in natural vegetation and used for pasture. Crop

growth is erratic but very poor. ' =

Reclamation of these soils is very expensive, if possible, and probably
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would not be feasible. Improved drainage, extensive leaching with heavy

organic matter and gypsum applications will improve these soils.

LU
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Table XI. . Groups of Soils with Common Management Characteristics, Huntley

Project, Montana

Group Soil Charactéristics Affecting Management

Soil Types Included in Group

No. Depth | Salinity ] Drainage | Substrata | Adaptable Crops | Remarks, Number ~Name
I deep to] none, stratified |highly productive 153A1 |Harlem-Havre silt
. very well loam to of all crops loam, nearly level
deep drained clay- grown in the area 155A1 |Harlem silty clay
as in- including alfalfa loam, nearly level
dicated sugar beets, 333A1 |Fort Collins silt
in type} beans, wheat, loam, nearly level
name corn, oats, bar- 334A1 | Fort Collins clay
ley, grass and loam, nearly level
legume pasture 352A1 | Fort Collins silt
mixtures loam, mod. deep,
nearly level
354A1 | Fort Collins clay
loam, mod. deep,
nearly level
N 312A1 | Fly Creek loam,
‘ nearly level
314A1 | Fly Creek clay loam,
nearly level
II very none well clay Do 304Al |Nunn clay loam,
deep drained nearly level
307A1 | Nunn silty clay,
N nearly level
III very none well | stratified Do 102A1 |Havre loam, nearly
deep drained | loamy to level
sandy 101Al1 |Havre fine sandy
¢ loam, nearly level
Iv very slightly| moder- ‘Do Productive of all] These soils produce{ 109Al |Havre loam, slightly
deep : ately crops commonly | slightly less than saline, nearly level
well grown in the area| those in Group III
drained including alfalfal due to spotiness
sugar beets, caused by salinity.
beans, wheat,corn
oats, barley,
grass and legume
pasture mixtures
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Table XI.

(cont.)

roup[Soil Characteristics Affecting Managementl ] Soil Types Included in Groug
No. Depth [Salinity [ Drainage| oubstrata Adaptable Crops Remarks Numbex] Name
v mod. none well stratified |Productive of all|These soils are less|{364Al | Fort Collins clay
deep drained | clay loam crops commonly productive than loam, mod. deep,
to sandy grown in the areajthose in Group I be- nearly level
loam ‘including alf- |cause of their shal-|362Al | Fort Collins loam,
alfa, sugar beets|lower depth. mod. deep, nearly
beans,wheat,corn, level
oats, barley,
grass and legume
pasture mixtures
VI Do Do Do Do Do 145A1 | Harlem silty clay
loam, mod. deep,
. nearly level
122A1 | Havre loam, mod.
deep, nearly level
121A1 | Havre fine sandy
loam, mod. deep,
nearly level
VII very |slightly | moder- clay and Productive of all] Becasue of their 235A1 { Ballantine silty
deep to ately stratified commonly grown heavy texture, . clay loam, nearly
mod. well clay loam crops in the areajpower and breakage level
deep(as drained | to sandy including alfalfa] costs incurred 237Al | Ballantine silty
indi- loam sugar beets, |while plowing and clay, nearly level
cated beans, wheat, |[cultivating these 247A1 | Pryor silty clay,
in type corn,oats,barley,| soils are high. mod. deep, nearly
name) grass, and legume|It is desirable to level
pasture mixtures.|keep these soils in }205Al | Pryor silty clay
Beans may be pasture and hay as loam, nearly level
grown but are notjmuch as possible 207A1 | Pryor silty clay,
as well adapted. nearly level
209Al1 | Pryor clay, mod.
deep, nearly level
239A1 | Ballantine clay,
deep, nearly level
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Table XI. (cont.)

roup |Soil Characteristics Affecting Management So1l Types Included in Grou
BNo.p Depth [Salinity] Drainage] Substrata | Adaptable Crops Remarks Number, . Name .
VIII deep |slightly mod. stratified )Productive of all|Scattered solonetz | 264Al |Fort Collins-Arvada
and well sandy loam commonly grown |spots are difficult clay loam, nearly 1
very drained to clay crops in the areajto manage and cause level
deep(as loam including alfalfal crop spotiness. 269A1 | Fort Collins-Arvada
indica- sugar beets,beans clay loam, deep
ted in wheat,corn, oats, nearly level
type barley, grass and
name ) legume pasture
mixtures.
IX }. very moder- Do silty clay |Moderately prod- Do 225A1 |Pryor-Nibbe silty
deep ately uctive of most clay loams, nearly
crops grown in the level
area including 227A) | Pryor-Nibbe silty
alfalfa, sugar clay, nearly level
beets, wheat,corn
oats,barley,grass
and legume mix-
tures. Beans not
highly adaptable.
X very none exces- Do Use of these soils | 374Al |Larimer clay loam,
shallow sively may be limited by nearly level
droughtiness and 372A1 |Larimer loam,
cultivation dif- - nearly level
ficulties caused
by gravel.
XI very moder- imper- | stratified [Poorly to moder- | These soils should | 158A1 |Harlem silt loam,
deep {ately fectly light loam |ately productive | be used for pas- mod. saline,nearly
to clay of some crops ture and hay crops; level
grown in area imperfect drainage | 159A1 |Harlem silty clay
including sugar {and salinity make loam, mod.. saline,
beets, barley, |other crops,espe- nearly level
mixed legume- c¢ially beans re- 252A1 (Ballantine loam,
grass hays and spond poorly. seeped, nearly
pastures. Beans level
not adaptable, 255A1 | Ballantine silty

clay loam, Sseeped,
nearly level

T1
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Table XI.

(cont.)

Soll Types Included In Group

Group| Soil Characteristics Affecting lLianagement )
i Depth |Szlinty |Drainage. |Substrata Adaptable Crops Remarks Number Name.
XII ‘Do Do Do - clay Moderately prod- 217Al |Pryor silty clay, seeped,
- uctive of mixed ' nearly level
legume-grass pas- 228A1 |Pryor-Nibbe clay, nearly
tures and hays. level
Not well suited
to the production
of cultivated
CcTrops.
XIII very none very Poorly suited to [Cultivated only |370A1 {Larimer gravelly loam and
shallow exces- cultivation, because of theii sandy loams, nearly level
: sively associations | 10Al [Havre gravelly loéamy fine
drained with arable sand, shallow, nearly
soils. level
XIV | highly | non-sa- well- sandy to Not suitable for [Commonly uti- 2A1 [Alluvial soils, loamy,
vari- [line and| drained |[clayey cultivation lized as natural nearly level
able saline | to imper-| stratified grass pastures 3Al |Alluvial soils, loamy, sa-
(as in- | fectly materials line, nearly level
dicated | drained 4Al |Alluvial soils, loamy,
in type | (as indi- seeped, nearly level
names ) cated) 8Al |Alluvial soils, clayey
nearly level
9Al |Alluvial soils, clayey sa-]
line, nearly lével
11A1 ]Banks soils undifferenti. |
ated, nearly level
XV very |strongly| imper- |stratified Do Do 407A1 |Nibbe silty clay, nearly
deep fectly loam to level
drained clay 422A1 |Mossmain loam, nearly level
425A1 [Mossmain silty clay loam,
: nearly level
429A1 |Mossmain clay loam, mod.
deep, nearly level
432AAl[Mossmain loam, very poorly
drained, level
452A1 |Arvada-Mossmain loam,
nearly level
455A1 | Arvada-Mossmain silty clay
loam, nearly level
458A1 |Arvada silty clay loam,
nearly level

_gL_
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Soil Productivity Ratings

Soil produqtivity_ratiégs are estimétes of the crop yields to be ex-
pected from specified soils under given hanagément practices, Through them,
the user of the soil survey report may evaluate, in terms of crop yields,
the soils in which he is interested. To siﬁplify that task, soils with
like management and ﬁroducfion characteristics have been grouped together
in Chart II. |

Charf I lists the soil types‘included in each group., It also states“
the soil_character;sfics which déteimine the best use and management prac-
tices for each group. (On the Projépt; these afe depth, salinity, drainagel
and substrafa texture.)'ﬂFinally, adapted crops'and special remarks on
management are included in this chart.

Chart II is the soil productivity charif For each soil group, the
productivity chart lists estimated crop yields obtainable under each soil
fertilization treatment. Thus, respense fo fertilization between soil
grouﬁs may be compared as well as response between crops within a soil group.

Chart III presents:the yieid estimates of each individual soil type.
This chart presents estimated crop yields obtained uhder each fertilization
treatment. ]

There are four soil fertilization treétmenfs under which crop yields
are défined on the productivity charts. The first three (A, B, and C) are
used for arable soils while the fourthV(D), which in reality denotes a
lack of fertilization, is applied to soils not recommended for cultivation."

All crops are grown‘in‘a six-year, half-time legume rotation in which the
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'leguﬁe is followed by ‘a cash_row'crop. Such "a rotation might be alfalfa,
alfalfa, alfalfa, sugar beets, cofn, oats, or alfalfa, alfalfa, alfalfa9
beans, corn, wheat,

The four fertili;afion treatments ares

A. No green manure, barnyard ﬁanure, no commercial fertilizers appliéd,

B. Ba:nyard manure on cash row crop at the réte of 15 tons per acre
once.during the rotation; n0'comm§rcial ferti;izers usede.

C. Barnyard manure on phe‘cash row crop at the rate of 15 tons per
acre once during the rotation periods; TSP and NH4NO3 applied on
cash row érop at the raté of 100 pounds each once during the rota;
tion period. -

D. This fferﬁility“ treatment applies to non-arable soils which
should be left in native vegetation. Rotations, manures, and
commercial fertilizers have not been shown to be profitable on
these s0ils,

The fertility treatments described above are not specific recommendations
but are used. to.illustrate yieldé which may be obtained from the Huntley
Projegt soiisa ‘ L

It is realized that in practice the relative level of crop yields
varies with the efficienoy of farm management., However, since soil manage-
ment practices other thgn fertilization ére also capable of limiting crop

yields when improperly done, it is assumed that all management and cultural

' practices are carried out satisfactorly and are not a limiting factor in

crop production no matter which fertilization treatment is used.




Table XIT. Estimated Soil Productivity Under Specified Systems of Fertilization by Soil
Management Groups, Huntley Project, Montana

o . |Sugar| Wheat : ‘ZJ
Group|Fertilization|Alfalfa|Bedts [(Spr. & W)|Barley | Oats [Beans Corn |Seeded?® |Natural§:
No. Treatment | tons ‘tons | bushels |[pyushels bushels| cwt, |[bushels|Pasture |pasture
b 3.0 | 11| 30 35 Lo 13 | 25 210
I BP o5 is LS 55 60 18 | LS 330
ct 6.5 19 55 80 95 25 | 60 450
A 2.5 7] 30 35 40 12 | 20 210
II B .0 i1 L0 50 - 55 16 | o | 330
c 6.0 18 50 .75 90 23 50 Lso
- A 2,5 10 25 30 35 | 20 140
ITIT B k.0 1 35 L5 50 17 Lo 270
c 6.0 | 18 50 75 90 23 50 hog
A 2,0 9 23 28 32 12 | 135 150
Iv B 3.0 12 30 Lo L2 1| 30 270
c 5.0 16 LS 70 80 18 | Lo 400
| A 245 9 20 25 30 1 | 20 140
v B 4.0 13 30 LS 50 17 | Lo 270
; c 5+5 17 L5 65 80 2 | 50 325
! A 2.0 8 | 18 23 | o5 12 1w | wo
I v B 3,0 12 27 41 i 15 | 28 270
1l € ho5 16 L2 60 70 20 35 425
f . ) : ‘
i A 1.5 5 20 20 30 8 15 120
VIT B 3.5 12 30 L5 50 11 | 30 250
: c 5.0 16| LS 65 80 | 15| Lo 1,00
: A 2,5 7| 2 25 .30 | 9| 15 | 110
VIIT B L0 | 12 30 L5 50 12 30 200
g c 5.5 |- 16 Lo 60 70 15 Lo 270




Table XIT. (cont.)

Sugar Wheat }
Group [Fertilization|A1f@lfa{Beets |(Spr. & W)|Barley | Oats |Beans| Corn [Seeded® | Natural®
. Nos Treatment tons tons | bushels |bushels bushels cwt, |bushels|Pasture | Pasture
- A 1.5 30 1 | 2 | 2 | 8] 12 70
- IX B 3.0 10 25 1 30 L5 13 | 23 140
- c 5.0 15 4o 50 70 15 30 200
; A 1.5 5 15 20 20 10 | 12 70
X B 2.5 9 25 30 13 13 2l 140
B e 3.5 12 35 L2 - 62 16 | 30 200
A 1.5 N 12 17 17 6 10 70
XI B 2,0 8 20 25 35 10 15 10
c 3.0 11 25 35 50 12 20 200
- A 1.0 2 10 15 15 b 7 0 &
- XII B - 2,0. 7 15 . |_20 . 30 81 12 70 ©
c 2.5 9 18 - 25 Lo 9-1 16 110
| A 0.5 2 6 10 12 2 5 50
XIIT B 1,0 5 10 15 25 6 10 80
; c 1.5 6 12 - 18 30 7 12 120
XTIV D 30
XV p® 30 §

& pasture ratings expressed in cow-acre-days per season (a typical grazing season is 180 -
days). -

b All crops are grown in a six-year crop rotation consisting of three Yyears of alfalfa, a
cash row crop, a feed crop and a small grain nurse crop. The fertilization levels applied
to this rotation are: A. None; B. 15 T/A of manure on the cash row ¢rop;y C. 15 T/A of

: manure,,lOO#/NHhNOB, and 100# TSP per acre on the cash row crop,

¢ These soils are non-arable and should be left in native vegétation and used for pasture,




Mapping Units, Huntley Project, Montana

Table XITT. Estimated Soil Productivity Under Specified Systems of Fertilization by

.' Sugar| Wheat ]

 Soil [Fertilization|AlfalfalBeets|(Spr. & W)|Barley | Oats |Beans| Corn [Seeded® |Native®
? Treatment tons tons| bushels {bushels|bushels| cwt. bushels Pasture | Pasture
141° .

' 2a1° 0 30
3a1°] b 30
 Lalb D 30
- 8A1P D 30
| 9A1b D _ 30
| A° o5 2 6 10 12 2 5 50

10A1 ~ BC 1.0 5 10 15 - 25 6| 10 80

j cC 1.5 6 12 18 30 71 12 120

T D : ko
1741° D 30
| A 2,0 9| 23 28 32 12| 18 140

10141 B 3.5 13 32 12 , b5 15 | 37 270

f c 505 17 | W7 72 |/ 85 21 | L7 h25

: I’y 2,5 10 25 30 | 35 | 20 140

102AT B 4.0 1 35 L5 50 17| Lo 270

: . C. 6,0 18 50 75 Lo 23 50 25

| A 2,0 9 23 28 32 12 15 10

N09A1 B 3.0 12 30 10 12 1, | 30 270

= c 5.0 .| 16 L5 70 80 18 L0 1400

| A 2.0 8 18 23 25 12 | 1 140

12141 B 3.0 12 27 L1 hi 15 28 270 .

; c L5 16 | L2 60 70 20 | 35 )25
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Table XITI. (cont.)

| ) ‘Sugar | Wheat . :
Soil [Fertilization|Alfalfa| Beets |(Spr. & W)|Barley | Oats |[Beans| Corn Seeded? Nativea;;
Treatment tons | tons| bushels |bushels|bushels| cwt,|bushels|Pasture Pasture |
A 2.0 8 18 23 25 12 | 1 14,0 ’
12241 B 3.0 | - 12 27- 11 L 15 28 270
c 4.5 16 L2 - 60 70 20 35 425
A 2,5 9 20 . 25 30 | 16 140
1}5A1 B 3.5 13 30 L5 50 171 30 | 270
c 5.0 17 L5 65 80 22 10 L2s
A 30 | 1| 30 | 33 | 1o 13| 25 210
-f153A1 B LoS 15 L5 55 60 . 18 L5 330
c 6.5 19 55 80 95 25 60 1450
3 A 3,0 1| 30 35 |. Lo 13 | 25 210
15541 B hoS 15 L5 55 60 18 W5 | 330
_ C 6,5 | 19 | 55 80 % 1 25| 60 1150
A 1,5 N 12 117 17 6| 10 70
15841 B 2.0 8 20 25 35 10 15 140
c 340 11 25 35 50 | 12} 20 200
A 1.5 b 12 17 17 6 10 70
159A1 B - 2.0 8 20 25 35 10 15 10
c 3.0 | 11 25 35 50 12 20 - 200
A 1.5 7| 20 25 30 "9 | 15 120
205A1 B - 3.5 13 30 L5 50 1 | 30 250
c | 5.0 17 L5 65 80 18 L0 400
A .5 |- 7| 2 25 30 9 | 15 120
207A1 B 3.5 12 30 L5 50 13 30 250
; c 5.0 16 L5 65 80 17 Lo 00
! AL 140 g 15 18 20 | 7| 12 100
209A1 B 3,0 10 25 30 Lo 10 25 200
é G . heo | W | 37 [ 55 | 65 | W | 35 | 350

—'[8—
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Table

XIII. ({cont.)

. " ISugar| Wheat
Soil|Fertilization|Alfalfa|Beets|(Spr. & W) Barley | Oats |Beans| Gorn [Seeded2 ' Natived@
Treatment tons | tons| bushels . |bushels bushels| . cwt. |bushels [Pasture Pasture’

A 1,0 2 10 15 15 L 7 Lo
217A1 B 2.0 7 15 20 30 8| 12 70
¢ 2,5 9| 20 27 12 9] 16 110
’ A 1.5 3 15 20 20 8 12 70
225A1 B 340 11 25 30 L5 131 23 140
' c 5.0 15 Lo 50 70 15 | 30 200
A - 1.5 3 15 20 20 7 12 70
227A1 B 3.0 9 25 30 I5 - 12| 23 140
c L.5 13 37 L5 65 1l 30 200

_ A 1.0 2 10 15 |} 15 h 7 Lo :

22841 B 2.0 7 15 20 30 8| 12 70 '
: c 2,5 81 18 25 lio 91 15 110
A 1.5 71 . 20 25 30 9| 15 120
23541 B 3.5° | 12 30 L5 150 13 1 30 250
c 5.0 16 45 65 80 17 | Lo. 100
| A 1.5 7 20 .25 30 9 | 15 120
237A1f B 3.5 | 12 30 L5 .50 13 30 250
, c 5.0 16 L5 65 80 17 | Lo 1,00
| A 1.0 5 18 20 25 71 12 110
239A1 | B 3.0 9-1 28 L0 L5 10 | 25 225
' c Lo | 13 ) W1 60 70 15 | 35 375
; A 1.5 7 20 25 30 9 15 120
2L7A1 | B 3.5 12 .30 L5 50 13 30 250
. C 5.0 16 k5 65 80 17 Lo 100
‘ A 1.5 L 12 17 17 6 10 70
252A1 | B 2.0 8 20 25 35 10 | 15 10
; . C - 3.0 11 25 .. 3% 50 12 20 200

1t




‘Té.ble”XIII. (cont.)

. — . - Sugar | Wheat N ¢
_Soil [Fertilization |[A1falfa [Beets |(Spr. & W) {Barley | Oats |Beans| Corn [Seedeg? Native? |
) Treatment tons | tons | bushels |bushels|bushels m. bushels [Pasture | Pasture |
P A 1.5 b 12 17 17 6| 10 | 70 |
25541 | B 2.0 8 20 25 35 10 | 15 140
; c 3,0 11 25 35 50 12 | 20 200
; A 2.5 7 20 25 | 30 91 15 110
26LA1 | B Lis0 12 30 L5 50 12 30 200
: : c 5.5 16 Lo 60 70 15 10 7270
[ A 2,5- | 7| ‘20 25 30 91 15 110
26941 B Lo | 12 30 L5 50 12 | 30 200
: c 5.5 16 L0 60 70 15 L0 270
: A 2,5 7 30 35 ) 12 | 20 210
BolAl| ' B - Lo | b Lo 50 55 16 | Lo - | 330
. ‘ c 6.0 18 50 75 90 23 | 50 | 150
2 A 2.5 | 7| 30 35- | ko 12 | 20 | 210
BOTAL B 140 13 40 50 55 16 10 © 330
< 6.0 | 17 | 50 5. | 90 23 | 50 | Lo
! A 3.0 | 11| 30 - 35 140 13 | 25 210-

31241 B Lo5 15 L5 55 60 18 | L5 330
| c 6.0 18 52 77 92 2h | 55 L50
: AT 3.0 .12 | 30 35 40 13| 25 | 210
3lhAl B ho5 15 L5 55 60 18 | L5 . 330
| v 6.0 | 18 | 52 77 92 2 I 55 450
: A 3.0 | 11 | 30 35 Lo 13 | 25 210
33341 B L5 15 L5 55 60 18 | L5 330
; c 6.5 19 55 80. | 95 25 | 60 150
; A 3.0 11 30 35 10 13 | 25 210
B33LA1 B L5 15 L5 55 - 60 18 | U5 330
- C 6.5 19 55 80 95 25 | 60 150

TN

D




Table

XIITI. (conts)
’ ] TSugar | Whsat ) _ —
. Soil [Fertilization [A1falfa|Beets |(Sprs & W)|Barley | Oats [Beans| Corn |Seeded® |Native?
' Treatment - |- tons tons | bushels |bushels|bushels| cwt. |bushels Pasture | Pasture
| A 3.0 | 11| 30 35 10 13 | 25 210 '
35241 B b5 15 L5 55 | 60 18 | L5 330
c 6.5 19 | 55 80 95 25 | 60 450
I ! 3.0 | 11| 30 35 | Lo 13| 25 210
35LA1 | B ho5 15 L5 5 | 60 18 | 45 330
I ¢ 6.5 | 19| 55 80 |- 95 25 | 60 150 -
R | A 2.5 .9 .20 25 30 1l 20 140
362a1 B 4.0 13 30 L5 50 17 | Lo 270
| C 5.5 17 L5 65 80 22 | 50 325
A 25 |° 9| 20 25 30 | 20 140
36LA1 B L0 13 30 L5 50 17 | Lo 270
| c 5.5 17 L5 65 80 22 | 50 325
e A o5 2 6 10 12 21 5 50 -
37081 B 1.0 5 10 15 25" 6 1 10 " 80
: c 1,5 | 6 12 18 30 71 12 120
D o ' _ . 1,0
i A 1.5 5 15 20 20 10 { 12 70
37241 B 2.5 9 25 28 L3 131 2 110
) "~ C 3.5 12 35 L3 62 16 | 30 210
4 A 1.5 5 15 20 | 20 10 | 12 70
37041 B 2,5 - 91 25 28 43 13 | 2k 10
¢ 3.5 12 35 13 62 16 | 30 210
107A1% D 30
|
1122419 D 30
h2sa1®l b 30
. h29A1bl D. - 30




Table XIII.- (cont.)

Wheat

Sugar |

Soil[Fertilization|Alfalfa|Beets (S8pr. & W)|Barley | Oats |[Beans| Corn Seeded? |Natived

' Treatment tons tons bushels . |bushels| bushels| cwt, bushels|Pasture |Pasture
1324419 D 30
} ‘ ‘ .
45241° D 30
155410 .
1,581 D 30

2 pasture ratings expressed in céw—acre days per season (a typical season is 180 days),

b These soils are non-arable and should be left in native vegetation and used for pasture,

C AIl crops aré grown-in a six~year crop rotation donsistin

cash row ¢rop, a feed crop and a small grain nurse crop.

" to this rotation are:

Crop,

A Noné; B. 15 T/A of mamire on the
manure, 100#/A of ammonium nitrate, and 100#/A of treble s

g of, three years of alfalfa, a
The fertilization levels applied
.cash row crop; C. 15 T/A of ~

uper phosphate on the cash row

il
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PART V - ANALYSIS OF SOIL SURVEY DATA
The applicability of the soil survey data to the above defined criteria
of economic optima will be tested by substituting that data into the farm
budget described in Part III. Assuming the livestock enterprise constant,
the alternative methods of cash crop production facing the farmer may, for
the purposes of budget analyﬁis, be classified into three categories:

(1) enterprise alternatives, (2) resource alternatives, and (3) practice

alternatives.

Enterprise Alternatives

Enterprise alternatives are concerned with the optimum combination of
the products which the farmer is able to prbduceo Sugar beets, beans, and

spring wheat are the cash crops listed in the Productivity Chart on page

78, Various combinations of these crops will be substituted into the farm

budget to determine which compination will result in maximum net farm
income. The budget, then, will be used to outline tenative production pro-
cedures to which the farmer has recéurse. The complementary, supplementary,
and competitive relationships of the enterprises, if any, will be repre-
sented by the change in net farm income. These relationships will be
expressed in terms of all relevant factors of production.

There are many ways the 45.2 acres available for the production of

cash crops may be divided between thé three cash crops. §§/ Five

§§/ For a delineation of acreage available for cash crop production, see
the crop organization, page 20, Part III.
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combinations have been chosen for analysis here. These combinations are:
(1) 45.2 acres of sugar beets, (2) 22.6 acres of sugar_beet§ and 22.6 acres
of beans, (3) 45,2 acres of beans, (4) 45.2 acres of spring wheat, and (5)
22,6 acres of spring wheat and 22.6 acres of beans. Further, it is assumed
that the 45.2 acres of land on which the cash crops are grown are composed
of soils found in Group I of the‘productiQity chart anﬁ all other arable
soils are those found in GrouP VII. Finally, the yield estimates used for_
analyzing enterprise alternatives will be those obtained from soil fertili-
zation treatment B of the productivity chart.

The budget summary of each of the five enterprise alternatives is
presented in Table V. The receipts and expenditures for the alternatives
were determinéd in the manner described in Part IIT. Only. the crop receipts

A

and expenditures varied between alternatives.

Table XIV. The Budggt Summaries for Enterprise ALternatiyes

N T |
Receipts 7 Amount Expenses Amount
Alternative’ Crop $10,388 Direct:
I 45,2 . Livestock 3,253 Crop : $4,878
Acres of Homeé Consumed 7 Livestock 535
Sugar Beets © products 450 Indirect 2,903
‘ ' Fixed 965
o TOTAL . $14,091 TOTAL $9,281
NFI - Alternative I S S 1$4,810
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Table XIV. (cont.)

ma ——

Amount

Receipts Expenses Amount
Alternative Crop , -$8,765 Dirégt;,

IT : 22,6 Livestock 3,253 . Crop $2,862
Acres of Beans Home Consumed ' Livestock - 53%
. and 22.6 Products 450 Indirect 2,589

Acres of Fixed 965
Sugar Beets —
_ TOTAL $12,468 TOTAL $6,951
NFI - Alternative IT ' $5,517
Receipts _Aﬁouﬁt Expenses Amount
. Alternative Crop . $7,143 Directs
III : 45.2 Livestock Y 3,253 Crop $ 847
Acres of Home Consumed Livestock 535
Beans Products 450 Indirect 12,535
- : ] | Fixed 965
TOTAL ' $10,846 TOTAL $4,882
NFI - Alternative III | $5,964
) j ”m‘
1 Receipts Amount Expenses Amount
Alternative Crop $4,564 Direct:
IV s 45,2 Livestock 3,253 Crop $ 681
Acres of Home Consumed Livestock 535
Spring Products 450 - Indirect 2,393
Wheat - Fixed’ 965
‘ TOTAL $8,267 TOTAL $4,574
NFI - Alternative IV ‘ $3,693
Receipts Amount ' Expenses Amount
Alternative Crop $5,853 - Direct:
-V .2 22,6 Livestock 3,253 Crop $ 763
-Acres of Home Consumed . Livestock 535
Spr. Wheat Products - 450 Indirect 2,419

and 22,6 7 7 Fixed 965

Acres of beans TOTAL " $9,556 | TOTAL $4,682

NFI - Alternative V

$4,874
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_Alternative III (45.2 acres of beans) provided the highest NFI while
Altefnative IV (45.2 acres of spring wheat) returned the lowest NFI. The
highest gross income was proQided by Altérnative I (45.2 acres of sugar
beets) but this system also incurred the highest operating expenses. The
high operating expense of Alternative I can be attributed mosfly to the
cost of conéract labor need to biock, thin, hoe, and harvest the sugar
beets. Alternative III utilized contract labor only for threshing‘and
needed much less hirgd labor than Alternative I (Alternative III - 142
hrs.; Alternative I - 510 ﬁrs.)o Thus, the fafmer is able to grow beans
using mostly family iabor and machinery while sugar beets require both

high amounts of contract labor and hired labor.

Resource Alternatives - Resource alternatives are the alternative

methods of resource allocation within an enterprise. .They determine,
ideally, optimum combinations and amounts of factors of production which
should be used. In the cash crop enterprise_thi§ would include such
factors of production as labor, fertilizer, machinery, etc.

Of the cash crop alternatives analyzed, 45.2 acres of beans proved
to be the most profitable. Given this enterprisé combination (of beans
and feed crops), what amounts of fertilizer should be applied to the enter-
prises to maximize their contribution to NFI? To iest this, the yields
obtainable from soil fertilization treatﬁents A, By, and C will be substi-
tuted into the budget.

Table IV presents the budget summary for each of the soil fertilization

treatments available from the soil productivity chart. Since one of the
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assumptions behind the productivity chart is that labor, etc., should never
.be limiting to crop yields and also because fertilizer applicétiohs éhould
not require much more labor or expense, direct crob_expénses have been

held constant for each alternaﬁive. Direct livestock'expenses wefe increased
for Alternative I because the production of feed crops was not sufficient

to support the livestock enterprise. Similarly, indirect expenses increased
in Alternatives II and III because of fertilizer costs. Livestock receiptg
and home consumption were held cbnstant throughout, but gross income for
Alternative I was inﬁreased by the sale of manure not used on the farm.

Total expenses for Alternative II were lower than total expenses for
Alternative I. Thus, the farmer can more piofitably purchase manure with
which to raise his soil fertilization treatment from A to B and raise the
additional feed he needs rather than purchase that feed. Because gross
income appears increasing at a higher rate than totél expenses, it would
appear that the farmer has not, even in Alternative III, reached the point
where the marginal value of the product of fertilizer equals thg marginal
cost of the fertilizer. Therefore, it would probably be profitable to the
farmer to apply moie fertilizei than used in Aifernative III.

The above alternatives have been analyzed undér the assumption that
the farmer will hold the cash crop adreage (45,2 acres of Group I soils)
constant and also hold the acreage devoted to livestock (59.8'acres of
Group VII soils) constant. However, the farmer may choose to meet the
feed requirements of his livestbck enterprise first and then devote the

remainder of his acreage to cash crops. In other words, he will grow enough
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Budget Summaries for First Set of Resource_Alternatives

Table XV.
Receipts Amount Expensesj Amount

Resource Crop $4,724 Directs

Alternative Livestock 3,253 Crop $ 847
I : Soil Home Consumed Livestock 1,362
Treatment Products 450 Indirect 2,346

Level A Manure 600 Fixed 965
TOTAL $9,027 TOTAL $5,520

NFI - Alternative I $3,507
Receipts Amount Expenses Amount

Resource Crop $7,143 Direct:

Alternative Livestock 3,253 Crop . $ 847
II s Soil Home Consumed . Livestock 535
Tregtment - Product 450 . Indirect 2,535

Level B ‘ : Fixed 965
TOTAL $10,846 TOTAL $4,882

NFI - Alternative II $5,964
- Receipts Amount Expenses Amount

Resource Crop $10,806 Directs

Alternative Livestock 3,253 Crop $ 847
III : Soil Home Consumed Livestock 535
Treatment Product 450 Indirect 3,495

Level C . Fixed 965
TOTAL © $14,509 TOTAL $5,842
'NFI - Alternative III $8,667

'feed creps to adequately feed his livestock before he allocates an§ acreage
to cash crops, Using these assumptlons, the budget analy51s for each soil
fertlllzatlon treatment is presented in Table VII.

In Table VII, the direct crop expense varies between alternatives be-

cause the proportionate acreage allocated to each crop varies between
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Table XVI. Budget Summaries for Second Set of Resource Alternatives

Receipts Amount Expenses Amount
Alternative Crop $2,122 Direct: o
IV : Soil Livestock 3,253 Crop $ 558
Treatment Home_ Consumed ‘ Livestock 535
Level A Products 450 Indirect 2,346
Manure 600 Fixed 965
. TOTAL $6,425 TOTAL $4,404
NFI - Alternative 1V $2,021
Receipts Amount Expenses Amount :
Alternative Crbp $ 7,576 Directs - ;
V s Soil Livestock 3,253 Crop $ 952 :
Treatment Home Consumed Livestock 535 '
Level B Products 450 Indirect 2,535 g
Fixed 965 j
TOTAL $11,279 TOTAL $4,987 f
NFI - Alternative V ' ' $6,292
Receipt Amount Expenses Amount
Alternative Crop $12,450 Directs é
VI ¢ Soil Livestock 3,253 Crop $1,105 :
Treatment Home Consumed Livestock 335 ;
Level C Products 450 Indirect 3,495 g
' Fixed 965
_ TOTAL $16,153 TOTAL $6,100 _
NFI - Alternative VI . $10,053 i

“*

alternatives. These acreage variations, however,

enabled the direct live-

stock expense to be held constant throughout all alternatives. Again, the

indirect expense increased as more fertilizer was used, and the fixed costs,

livestock receipts, and value of the home consumed products stayed constant,
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Alternative IV yields a lower NFI than Alternative I. Thus, when the
farmer used Group I soils (which are the highest producing soils on the
productivity chart) to grow fged crop$é, he gave up a pbrtion of his ﬁPI. i
Under soil fertilization treatment A, it is more profitable for the farmer
to raise cash crops (beans inlthis instance) and buy the extra feed he needs.
-The NFI of Alternative V and VI was. increased over the NFI of Alternative
II and III respectively due to the contribution to the income brought about
by growing cash crops on the Group VII soils not needed for feed Crops, i.e.,
the value of the cash crops which can be grown on the Group VII soils is

greater than the value of the feed crops when the latter are sold on the

The difference between gross income of Alternatives V and VI when
compared to the difference between total expenses of the two alternative;
would indicate that the ‘farmer has not yet reached, in terms of fertiliza-
tion, the point where the marginal yaIUe of product equals the marginal
cost of the input. This is implied hére by the relatively large change in
gross income as compared to total expenses. Actually, there is no way of
knowihg whether Alternative VI.(or III) represents the exact position where
MVP of fertilizers equals the MC of fertilizer or some position on either
side ofthatequélity.

Practice Alternatives - Practice alternatives are related to the methods

of resource application. For instance, how should fertilizers be applied;
drilled with the seed, sidedressed, applied in irrigation water, etc.?

Analysis of practices alternatives will tell which practices will maximize
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product from a given amount of inpﬁt or how a specific amount of product
can be produced with a minimum amount of input.
Practice alternaii&es will not be analyzed in this study because,_whi}e
the soil survey information disqusses practiée alternatives qualitatively,
quantitative measures of the relative values of such practices are not

derivable from that data.
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Part VI - Conclusions and Implications

Limitations of this Study

At the butset'of this study, it was assumed that the goal of tﬁe
farmer is to,maximiéé net farm income. All of the analysis and implica-
tions of this study have been based on this éssumption, And, since_
maximizing net farm income may not be a goal of all farmers, thisbasic
premise should be realized wﬁqn interpeting the results of this study.

The budget analysis has introduced certain limitations in this study..
Static prices, techniques, etc., which were used removed the element of
uncertainty and limited the quantitative results of the budget analysis
(NFI estimates) to the orgaéization of the budgef and the 1953 price level.,
Also, when organizing the budget, the farm was assumed to be debt free.

When analyzing the soil survey data, the'study was limited to one
year of the rotation period. As the rotation sequence progresses, shifts

in fields (soil types) and crops would cause changes in‘NFI to occur,
Also, as resource alternati;es were analyzed, the time periods necessary
to incre;se soil fertility levels from (éay) fertilizer treatment A to ﬁ
fertilizer treatment B were not taken into consideration. Finally, be-
cause the livestock organization was held constant, surplus’ feed crops

were assumed to be marketed. Actually, the farmer might'chose to vary

the livestock organization to utilize available feed.

Yield Data Sources

Conclusion'-.The_experimental data obtained from the Huntley Branch
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Station was the most reiiable_and useable information utilized in this
study. Despite its limitations, it was relied upon more than eiﬁhef of
the other sources bf.information.' Experimental data, however, are not
always obtainable where needed. In such areas, other sources of data
must be utilized,

Of the other sources of yield data used here, the farmer interview.
was judged to be more reliable than the Project water user's reports (for
crops other than sugar beets). Other than assuming that the farmers
interviewed reported the yields of other crops with the same degree of
accuracy:with which they reported sugar beet yields,‘there is no way of
comparing the accuracy of the farmer interview and water user's reports
for'crops other than sugar beets. Because the farmer obtains éccurate"
sugar beet yield informétion from the sugar beet company, he would be able
to report accuratg sugar beet yields. ContrariWise, because the farmer
may never accurately measure the yields of other crops, espécially feed
and forage crops, the Project water user's reports could be as accurate
as the farme} interview for those crops.

Also, judgement was usedlthroughout the formulation of the productivity
chart. Judgement was used to adapt the farmer interview data to the role
of benchmarks. Further judgement was used to adapt the yield responées
obtained from the experimental data to these benchmarks. Finally, judge-
ment was used to estimate yields for soils other than the seven groups

of soils for which empirical data were gafheréd.
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Implications - While an experienced soil scientist might_be able to

give yield estimates which are more accurate than could be derived from a
small empirical sample, there are dangers in the use of Jjudgement. For
instance, soils might be prejudged on the basis of their produétivity in
other areas or by the efficiency of the far@eps who manage them. Or,
judgement might allow the soil scientist to place emphasis on certain soil
characteristics rathe; than objectively viewing each soil in situ, Also,
the use of jngement in estimating yields eliminates the possibility of
calculating error estimates for those yield estimates.

The extensive use made of judgement in synthesizing the soil produc-
tivity chart implies an important need for more acgurate’sources_éf yield
datas For while judgement will probably never be completely removed from
the formulation of yield estimates minimization of its use would eliminate,

as much as possible, the distortion it could cause in the yield estimates,

Suggested.Areas for Further Research - Assuming the yield estimates
given in the productivity chart to be the average'of.yields obtainable_ by
the farmer over long time pergods, it would be useful to know the expected
variations around that'mean.‘ As mentioned before, the judgement involved
in formulating the yield estimates used inythis study made error eétimate
calculations impossible. Since this will be true of.soil productivity
data as long as judgement is uséd, other methods might be used to illustrate
the variability of crop yieids in the area,

Table XVII is an example of éuch a methods In it are calculated the

arithmetic mean, the standard deviation, and the coefficient of variation
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for two crops grown extensively on the Huntley Project. The yield figu;es
- from which the information was derived are the average of all yields re-
ported to the Project office eech year by all the Piosegt farmers who grew

that crop.

Table XVII. Yield Variations @

Year Beans (bu./A) B Sugar Beets LT./A)
1930 | 29,08 14,13
1931 24,43 : 11,53
1932 22,62 14,24
1933 . 23.92 14.86
1946 22,05 15,32
1947 24,37 , : 14,50
1948 22,90 13,30
1949 24,71 T 14,25
1950 30.58 13,71
%D 23,73 . 13,37 .
0'3 . 2.8245 1.2318
CoVe 11.9% 942%

3 yield data gathered by Huntley Project office and. represent average
of all yields reported annually by farmers..

b Arithmetic mean.
¢ Standard deviation.

d Coefficient of variation,

- By using the standard deviation, the chart user can determine the
amount of variation to expect, i.e., for beans 68.27 percent of the yields
will fall within 23,73 bu, i?2.8245 bu.; or 95.45 percent of the bean yields

will fall within 23.73 bu. ¥ 5.6490 bu. etc. The user could also calculate
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the dollar value of these deviations. Using_;953 prices, the value of the
standard deviétion of beans is $13.63 and for sugar beets, $17.42,

The coeffiqient of variation is perhaps the most useful concept in
Table XVII. By.using the C. V., the relative variation in crop yields may
be compared. In this example, the difference between the variations found
in beans and sugar beets yields i$ not statistically significant. While
the yield variations would vary absolutely between farmers, soil types,
and systems of management, the coefficient of variation, as calculated
here, would serve as a geﬁeral indicator of crop variations to be éxpected,

Although fhe accuracy of the data obtained by farmer interview has
been questioned, the farmer is a potentially valuable source of information.
An interview system more closely controlled might obtain more'accurate data.
For instance, as the field work of a soil survey progresses, the soil
scientists could compile and continually expand, through direct contact,
etc., a list of farmérs willing to cooperate with them in thgir efforts to
obtain vield data. The purpose and requirement of such data should be
explained to the farmers in ordet to increése the degree of accuracy of the
data,. Since the fieid work of a soil survey for a given area usually re-

quires several years, a substantial backlog of yield observations might be

collected in this manner. This technique may be particularly applicable since

the recent merger of all the soil survey systems into the Soil Conservation

Service, §§/

§§/ This suggestion is similar to a method suggested by A. R. A?ndal Senior
Soil Correlator, Soil Conservation Service, U. S.D Ao, by persona&'//' i
communlcatlon, 1954, . A,

114733
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Another potential source of yield daté, suggésted widely in soil
survey literature, is field sampling. ' This would involve meaguremgnt of
crop yields by sampling yields in fields of'knpwn soil types. These yields

could then be directly corré;ated to the soil profiles préggnt in_the
field sampled. This would provide yield data of known accuracy from knowq
soil types. |

Each of the above suggestions have limitqtions as well as advahtages.
But because the reliability and scope of the soil productivity data will’

depend, to a large degree, upon the reliability and scope of the yield

data sources, further research in this area is recommended.

Group Yield Ratings vs. Individual Yield Ratings

A problem encountered during this study was: should soils of similar
productivity be grouped together and assigned a common set of yield esti-

mates or, should each soil be assigned individual yield estimates (see

page 46). Although this problem was not within the defined scope of this

study, perhaps a discussion of certain aspects of the problem encountered
during this study will serve as a guide to planning futuré rgsearch de-
signed to resolve the preoblem. -

The reliability and extensiveness of the empirical yield data avail-
able for the formulation of yield estimates may determine whether or not
groupiﬁg,is useds If the available yield data, because.pf a lack of
reliability or scope, do ﬁot‘present a basis for differentiating between

the yields of two soil types, the soil scientist may feel justified in
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grouping those soils. This type of grouping could occur either because
there is no yield diffgréntial between the soil types or because there aré
no data to substantiate any yield differences, where there is a yield
difference,; However, the chart user might prefer to have the Jjudgement
of the soil scienﬁist'rather than use his own judgement or a éropped
yield estimate which does not represent the productivity of the soil,

_Assuming the yield estimates to be reliable, thesé are still problems
in grouping. Classifying soils into groups on'theﬁbasis of productivity
invelves the es?ablishment_of an arbitrary:level of significance, Of,
stated differently, accepting the yields estimated for the group of_soiis
as the mean of the yields of all the soils within ‘that group, how Widely
can the actual yields of the soils vary from the mean without becoming
significant to the uses of the chart?

The limits of variation allowed within a grouping of soils will depend
upon the users of the chart. While an irrigatipn farmer might prefer £o
know relatively small yield aifferéntials, the dryland farmer or rancher
might allow wide variation limits. In this seﬁse, the.variation acceptable
within a grouping would depend upon the yearly yield variations caused by
factors of production not controllable by the farmer., Thus, the standard
deviation of the crop yields in an area might present an arbitrary limit
of variation. For instance, using the yield variation for beans as pre-
sented in"Table XVII all soils with long time average bean yields falling
within 23.73 * 2.82 bu,/k. might be grouped together. The danger here is

that the yields of soils on the extremes would fall within the limits of
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variation only 50% of the tiﬁe.

Another statistical method of establishing Criteria_fof,grouping soils
would be the use of tests of significance. Using empirical yield data, -
analysis of variance could be used to determine if the yield differentials
between soils, for given crgbs and management systems, are significant at
the .05, .01, or .00l levels of significance (one of which could be accepted
as the limit of variation). This method would require extensive empirical
datae.

Still another method of calculating yield variation limits allowable
in grouping would be by using deviations in yields which would not cause
optimum ente;prise combinations to chahge? ‘For instance, of the enter-
prise alterngtivgs analyzed in this study, the ﬁost profitable crop which
could be grown on Group I soils is beans. Given the limiatations of the l
study, thi§ shdqld be true of all Group I soils. So, using beans yields
as an example, this method Qould pose tﬁe question: “How much drop can
be allowed in per acre bean yields (b), given the per acre yield of sugar
beets (s), as well as the prices (Pg, Pg) and costs (o, cg) of producing
sugar beets and beans, and still allow beans to yield a higher NFI than
sugar beets"? This has been worked out, as an example, using the following

equation:
spg (acres in beets ) - (cg - cg)
Pp (acres in beans)

b =

Solving this equation, using yields obtained from Group I soils subjected
to fertilization treatment B, and costs and prices used in the budget

formulation, shows that the yield of beans may drop to as low as 14.0
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gwt./A. before the NFI from the two enterprises are equal. Thus, given a
sugar beet yield of 15 T/A for Group I soils subjecied to fertilization
treatment B, all soils inxGroub I must yield more than 14 cwte/A (under‘
fertilization treatment ). .

There are difficulties in:this method of establishing arbitrary limits
of yield variationjﬁowever. First, the formula was derived from the budget
used in this study and so is limited to the farm as organized here. Other
farm organizations woﬁld probably give use to different yieid variation
limits. Secondly, the farmer must consider price variations. Using the
above formula; it was calculated that the price of beans need to fall
$1.81/cwt. to equalize NFI from the two enterprises. Third, the limits of
yield variation vary with the fgrtiliiation treatments. In the above
example, for fertilization treatmenf B, bean yields coh;d vary up to a
maximum of slightly 1ess,£han -4 cwt./A from the yield of the group, but
the comparable figure for fertilization treatment A is -6.2 cwt./A, and
for fertilization treatment C is ~3.8 cwto/Ae Finally, one crop, in this
example, sugar beets, must be chosen to represent a "Benchmérk" around
which other soils are allowed to vary. The chart usex, howéver, might
prefer the use of a different crop for a benchmark.

The scaie of farm operations must be considered in attempts to define
levels of significahce in yield variations. As an example of this, suppose
a Huntley Project farmer has on his farm? two Group VII soils which repre-

' sent the yield extremes of the group (235Al, Ballantine silty clay loam,

nearly level, and 209Al,~Ballantine clay, deep, nearly level). While the
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sugar beet yield of Group VII soils is estimated to be 16 TZA_under_
fertilization treatment C, the individual‘sugar.beet yigld‘esﬁimatéshfor
235A1 and 209Al are 16 I/A and 14,T/A, respectively, for the same fertili-
zation treatment. If the farmer raises 6.3 acres of sugar beets a year,
he would receive $178.16 (1953'price\level) less from growing the sugar.
beets on 239Al than if he grew them on 235Al. But if he grew 58.4 acres
of sugar beets, the difference would amount to $1651.55. While $178.16
might not be signif;cant to the farmer, the chances that $1651.55 woﬁld be. -
insignificant are small. The grouped ratings, however, would indicate no
difference between the yields of the soils. gz/

Grouping of soils, a§ referred to herein, is actually the classification
of soils using yield estimates as differentiating characteristics. §§/ The
problem of gfouping has been discussed in terms of defining the yield
limits allowable in the individuals within' the group. Further,hthe groupinés
attempted in this study, and discussed above, refer to grouping soils on the
estimates Ef their yield capabilities'for eight crops (sugar beets, spring
and winter wheat, barley, oéts, beans, corn, and seedea pasture). Thus,

this grouping involves the use of eight differentiating characteristics

37/ This same example could be used to demonstrate the effects of scale upon
" grouping soils with different yield responses, i.e., production functions
with different elasticities.

38/ While soil scientists usually refer to this type of classification as

T "technical" or "artificial"™ in contrast to the "natural"™ classification
based upon morphological features of the soil, these terms.are not used
here because of their conotative implicationss Grouping soils for pro-
ductivity is an interpetive classification which is no more “artificial™
or "technical" than any other classification.
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and has eight objectives. However, there are other ways to group soils to
meet these eight objectives. §2/ Table XVIII illustrates two possible 5
methods of grouping soils on_ the basis of productivity which could be in-

cluded in a soil survey report along with a chart giving individual yield

estimates for each soil type.

Table XVIII. Grouping Soils on the Basis of Productivity 3

A. Suitability of Soils for the Productlon of Sugar Beets when Soils are
Subjected to Fertilization Treatment C®

Suitability Group ‘Soil Type °

' - 153A1 = Harlem-Havre silt loam, nearly level

Very Good (17-19 T/A) 334A1 - Fort Collins clay loam, nearly level
304A1 - Nunn clay loam, nearly level

101Al - Havre fine sandy loam, nearly level

109A1 - Havre loam, slightly saline, nearly level
Good (14-16 T/A) 205A1 - Pryor silty clay loam, nearly level
' 225A1 - Pryor-Nibbe clay loams, nearly level’
239A1 - Ballantine clay, deep, nearly level

227A1 - Pryor-Nibbe silty clay, nearly level

Fair (11-13 T/A) 374Al1 - Larimer clay loam, nearly level
255A1 - Ballantine silty clay loam, seeped, nearly
level

217A1 - Pryor silty clay, seeped, nearly level
: , 228A1 - Pryor, Nibbe clay, nearly level
Poor (-10 T/A) 370A1l - Larimer gravelly loam and sandy loam,
nearly level
10Al - Havre gravelly loamy f1ne sand, shallow,
nearly level

39/ For a discussion of interpetive groupings see Ornedal A. C., and
Edwards, M. J., "General Principles of Technical Grouplngs of Soils",
Soil Sci. Soc. of Amer. Pro., 6:386-391, 1941, These authors recommend
grouping soils for interpetive purposes on only one differentiating
characteristic or for only one objective,
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... Table XVIII. (cont.) . | y
B. Response to Fertilizer (100H#A of NH4NO3, 100#/A of TSP)®

Response of Sugar

153A1 = Harlem-Havre silt loam, nearly level
109A1 = Havre loam, slightly saline, nearly level
4 _ 10lAl = Havre fine sandy loam, nearly level
227A1 = Pryor-Nibbe silty clay, nearly level
334A1 - Fort Collins clay loam, nearly level
255A1 - Balantine silty clay lcém, seeped, nearly
" level '
3 374Al1 - Larimer clay loam, nearly level

314Al - Fly Creek clay loam, nearly level
158A1 - Harlem silt loam, mod. saline, nearly level

5 217Al1 - Pryor'silty clay, seeped, nearly level
228A1 - Pryor-Nibbe clay, nearly level

370A1 - Larimer gravelly loam and sandy loam,
1 " nearly level
10Al - Havre Gravelly loamy fine sand, shallow,
nearly level

No attempt has been made to include all Huntley Project soils in this
table. It is used here only as an illustration. '

b $0ils are ranked from the top according to productivity, for instance,
153A1 will produce 19 T/A of sugar beets while 10l1Al produces 17 T/A of
sugar beets, : '
The same assumptions underlie these dgroupings as those given in the pro-
ductivity chart, i.e., a six year rotation which is half-time alfalfa,
fertilizers applied to the cash crop, etc. The responses obtained in
Chart II-B are when the fertilizers are applied to soils already sub-
Jjected to Fertilization Treatment B,

On the basis of their productivity of sugar beets under fertilization
treatment C, soils have been grouped in Table XVIII according to their
"suitability" for sugar beet production. The sugar beet yield estimates

which determined the groupings were procured from the chart which lists

individual yield estimates. This table (XVIII) will permit the user to
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(;)_gompare the productivity of a given soil with other soils for the same
crop, and (2) compare the relative ability of a soil to produce different _
cTops.

Table XVIII gives the amount of sugar beet response which can be
obtained from soils when the fertilization treatmént is varied from B to C.
This table is_usefﬁl in demonstrating which soils yield the largest re-
sponses to fertilizer and would prove valuable to a farmer who wishes to
know héw to allocate a limited amount of fertilizer (see page 15 for an
explanation of this in terms of economic theory).

An important attribute of these charts is that the limits are defined
in the charts ahd the user is free to disagree with the limits or refer to
the individual ratings. Further, each groﬁping has but one specific objec-
tive for which the classification is formulated.

The foregoing discussion présents some ﬁethods of grouping soils for
the purpose of assigning yield estimates to the group. Since this subject'.
is important to the interpetation of soil survey maps, it is hoped that

¥

the above will provide some ideas for- future research on the subject.

The Adaptability of the Soil Survey Data to the Farmers Ecohomic Objectives

Conclusions - While the soil productivity chart did not meet the
criteria for the maximization of NFI as defined in Part III, it did prove
very useful to the farmer in his attempts to attain that objective.

When used for analyzing enterprise alternatives, the data from the

s0il productivity chart illustrated that, of the alternétives analyzed,

45,2 acres of beans maximized the cash crop contribution to NFI. Further,
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the number-of enterprise alternatives analyzed was not limited by the soil
productivity data but by the budget méthod of analysis. This is true if it
is ;ssumed that‘the farmer wishes to use a six year rotation which is half-
time' legume. Since this assumption may not always be valid, it would be
useful if the soil productivity chart included yield estimates obtainable
when other types of rotations are used. This would ﬁermit an estimation of
the.competitive, complementary, and supplemgntary relationships between
enterprises. For instance, in a'six year rotation which is half-time
legume, what competitive effects, if any; would be creatéd in the yields of
other crops if one year of alfalfa were{replaced by (say) spring wheat or
sugar beets, or what complementary effects, if any, would a fourth year of
alfalfa have on the yields of other crops in the rotation? Or, in a given
rotation, how will the yields of other crops be effected if sugar beets
are grown in place of beans? Further, what yields might be expected from
a twé year rotation of (say) suga§ beets and beans when subjected to
various fertilization treatments. The;e are an alﬁost infinite number of
fertilization rates, ciop sequenées, and rotation lengths which could be
included in a soil productivity chart. To present all possible combinations
might prove to be an insurmountable task, but it would be useful to enumerate
the combinations most commonly found in the area.

Assuming beans to be the most profitable cash crop enterprise avail-
able to the farmer, resource alternatives weréanalyiedto determine the
effects of fertilizer upon the contribution of the cash croﬁ enterprise

to the total NFI. Again the soil productivity chart proved useful, for it
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demonstrated, through the budget, how NFI could be increased from $2,021
to $10,053 by the use of, fertilizers. But, the productivity chart does npt
tell the farmer if the use éf more fertilizers than utilized by fertiliza-
tion treatment C would be profitable. Conversely, the change in NFI betiween
the fertilization treatments seems to.indicate that the use of fertilizers
would increése NFI. ﬁg/ Further, the productivity chart does not separate
the effects of each fertilizer on crop yields or indicate to the farmer
which fertilizers couid be used most profitébly on a given 'soil when funds
available for purchasing fertilizers are limited. This situation would be
clarified had the productivity chart presented the production functioq for
each type of fertilizer (assuming other variable inﬁuts are held constant)
thus enabling thé farmer to (1) equate the marginal costs of fertilizer to
the value of the mérginal product of feftilizer or (2) maximize income
from the available resources by using -them on'soi;s which yield thé highest
VMP per unit of input. .While it would probably be impossible to formulate
“production functions for all crops, éoils, and combinations of fertilizers,
it would be useful to present the combinatiqns of the three most common to
the area,

Practice alternatives are the third type of.production alternatives

which may be analyzed by the budget method. While the soil survey data

40/ The change in NFI between fertilization treatments A and B was $4271
while the change in NFI betweén fertilization treatment B and C was
$3457. As mentioned previously, from the yield information given there
is no way of knowning whether the yields obtained from fertilization -
treatment C represent the maximum yields obtainable or some point on
either side of the maximum,
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did discuss pracfice élfernatives, the discussion was qualitative rather
thap'quantitative and so could not be analyéed by the budget method.
Comparisons, in terms of crop yields, of practicé alternatives would pro&e
useful to the farmer. Fo; instance, how will the differenf‘methods of
applying fertilizer (side-dresséd, drilled with the seed, etc.) effect the
yield of beans or sugar beets? Or, how‘muéh do alfalfa yields vary when
fall seeded ratﬁer than spring seeded and how does a nurse crop effect
alfalfa yields? Or, how many times during-a "typical" growing season should
a crop on a given 'soil be irrigated.  Again, a§ with the other alternatives
to eliminate the countlegs possibilities only‘the most important and

common practices should be evaluated.

In summary, due to variation in soil aﬁd soil management, comparison
of the alternatives presented to the farmer (enterprise, resource, and
practice alternativgs) in terms of crop yields,WOuld probably not be
exactly similar on ail farﬁs. ‘In most cases, however, the compafisons
would indicate the optimum enterprise combinations and resource allocation
which the farmer could utilize. And, when comparing alternatives, only
those alterﬁativeé-which are relevant to soil managemenf in the area should
be discussed.

Implications -~ The economic requirements of the soil survey data

seemingly indicate a complex array of yield estimates. Yet, most of the
relationships needed to satisfy these requirements need not be calculated
by soil scientists but may be derived from the yield estimates by the users

of the chart. Table XIX will be used to illustrate this. The sﬁgar beet
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yields in Table XIX represent the amount of response obtained by applying
various combinations of nitrogen and phosphate fertilizers to a Huntley

Project soil,

- Table XIX. Sugar Beet Yield Response to Fertilization?

H#(NH
#TS( 4)2N03 | o 40 80 120 160 200
0 14.4 16,0 | 1649 17.1 17.3 17.2 | T/a
40 1404 | 16,1 17.0 17.2 175 17.4 | of

80 14,5 | 1602 | 17:1 | 1744 | 17.7 | 17.6 | Suga:
120 146 | 1604 7| 17.2 17.5 | 17.8 17.7 | Beets

160 - 14,3 1642 17,0 |~ 17.4 | 17.7 17.5

200 14.1 15.9 - | 1649 17.2 | 17.4 17,3

T/A of Sugar Beets

4 The underlined yield figures are actual yields: obtained on a Fort Collins
silt loam on the Huntley Project as part of an eXperiment conducted bys

. Larson, We E., "Fertilizer .Studies with Sugar Beets in South Central
Montana", reprinted from 1952 Proceedings American Society of Sugar Beet
Technologists. The rest of the yield figures are hypothetical.

By holding the amount of one type of ferfilizer constant at any level,
the yields caused by varying am&unts of the other fertilizer represent a
partiai production function. These relationships permit the calculation of
the optimum amounts of fertilizer to be used, or the optimum allocation of
a given amount of fértilizers. For example, assuming the cqst of ammonium
nitrate to be $1,64/i40# and the cost of applying varying rates of fertili-
zer negligible, how much ammonium nitrate should be applied when sugar
beets sell for $14.44/T and no phosphate ferfilizer is used? The marginal

analysis presented in Table XX shows that to equate VMP, to MCp, the farmer




e Y SN — L A T N I I 1}

-112-

Table XX. A Demonstration of Marginal Analysis of Sugar Beet Yields

H#(NH )oNO3/A TPP (T/A) MPP, (T/A) VMP,, ($) MCp ($¥
0 1444 R —— ——
40 16.0 . | 1.6 - $23.10 . | - $1.64
80 | 1649 9 13,00 . 1.64
120 ' 17.1 Ce2 ©2.89 © 1.64
160 17.3 - o2 2489 1.64
200 17.2 -.1 - tled4 1.64 |

must use the pitfogen fertilizer at a rate somewhere between 160#/A and
200#/A when no:TSP is usede. fhis example also illustrates optimum alloca-
tion of a limited amount of resource, fbf the farmer would receive more
return‘from 200# of the nitrogen fertilizer by applying 40#/A to five
acres rather than applylng 200#/A to one acre. Notice, in Table XIX, thaf
since a response of more than .1 of a ton of sugar beets (value: $1.44)
is needed to pay the cost of 40 lbs. of TSP (value: $1.70), that TSP
should not be applied uhtil at least 160#/A of ammonium nitrate is used.
From the same yield figuies given in Table XIX; resource substitution
rates can bg calculated. Foi example, 17.2 T/A'of-sggar beets may be pro-
duced By several combinations of TSP.- (NHy), NOzs. 0-(80-120)#, 0-200#,
40#-120#; < 80#-(80- 120)#, 120#-80#, -160#~(80-120)#, and 200#-120#. These
,comblnatlons could be evaluated to determlne which of the economlcally

relevant combinations would minimize the fertilization costs of producing
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17.2 T/A of sugar beefs. ﬂl/

Finally, the type of yield data presented in Chart II1, when available
for different soils and crops, could be used to; (1) analyze enferprise
alternatives given the resource limitations of the farmer, and (2) calcu-
late, in addition to the resourcé analysi; on é éiven soil type iilustrated
above, the optimum allocation of a limited amount of fertilizer between
soil types. And it should be noted from Chart IV that at least four rates
of fertilization (resource) applications are needed for a satisfac£ory

marginal analysis.

Suggested. Areas For Future Research - The economic requirements of the

soil productivity chart suggest a definite need for improved sources of

primary yield data. The extensiveness and accuracy which would be desirable

41/ This evaluation would involve determining the marginal rates of sub-

~  stitution between the nitrogen and phosphorus fertilizers and equating
that MRS to the inverse price ratio of the two fertilizers (as explained
in Part II, pp. 9-11). Expressing sugar beet output (Q) as a function
of the quantities of phosphorus (P) and nitrogen (N), we have

Q = £(P1, N'|X15ee0sXn)s

from which the marginal products of phosphorus and nitrogen are given
by 29 and 9(3, respectively. The marginal rate at which nitrogen sub-

SN
stitutes for phosphorus, at a given value for Q1 is the ratio of the

two marginal -productss MRSK for P = 2Q|3Q .
SP|3N

Finally, the optimum (cost minimizing) combination of N and P is given
where the marginal rate of substitution of N for P equals their inverse
price ratio; i.e.: - 3Q| 5Q .

SP|ON ~ Pp
where PN and Pp refers to the price of nitrogen and the price of
phosphorus, respectively. For a more detailed discussion of this pro-
«cedure see R. Go D. Allen, Mathematical Analysis For Economlsts,
Macmillan and Co., lelted 1942, pp. 340-343.
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in a soil productivity chart cannot be formulated without extensive and
accurate yield data which is, for the most part, unavailable today. Thus,
many of the improvemehts suggested for the soil productivity chart in this
treatise must come after enough primary yield data is available to formulate
such yield estimates. Also, the extensiveness of the yield estimates re-
quirements for‘economic objectives magnifies the usefulness of soil
grouping if future research can formulate a satisfactory method of grouping.

This stﬁdy has indicated the potential usefulness of tﬁe present soil
productivity charts and has suggested ways by which the chart might be
made even more useful (to those who wish to help the farmer maximize NFI)..
It is important fo remember that if the soil productivity chart is to be
useful, the criteria for usefulness must be defined by those who use the
- chart rather than those who formulate the chart. In this sense, futﬁre
research should be carried on not only by those who wish to improve the’
soil productivity chart for economic uses but by all others who would find
the.productivity chart of value when the yield estimates are presented in

a manner useful to them.
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APPENDIX I2

Labor Requirements - Crop & Livestock

. ours {Total Yearly Distribution

Operation WNoe l/ycre | wrs JIETH A W |3 1T T AT ST 01N
Sugar Beets [25 | -

Land Prep. 5.5 (137.5 71,3 , 33.1133.1

Planting “1eB | 37.5 37.5

Cultivating 4.6 |115,0 17 (49 |49

Irrigation 8.6 |215.0 15 140 {40 |J40 40 -

Harvest 8.5 |212.,5 150 (62,5
Beans 8.6

Land Prep. 4.8 | 41.3 20.6 |20.7

Planting 1.6 | 13.8 13.8

Cultivatioen 3.6 | 31.0 | 11 20 :

Irrigation 7.5 | 64,5 21,9 12,9 |12.9 12.9 12.9 '}

Harvesting 30.4 [261.4 130, 7[L30,7]
Barley 5.6

Land Prep. 3.8 | 21.3 4o1 |17.2

Planting 1.7 9.5| - 9.5

Irrigation 4.8 | 26,9 8.9 9.0} 9.0

Harvesting 7.5 | 42.0 42 |
Spr. Wheat [11.6

Land Prep. { 3.6 | 41.8 30 |11.8

Planting 1.6 |.18.6 18.6

Irrigation 4,6 | 53.4 17.8 {17.8{17.8

Harvesting 7.1 1-82.4 : 82.4
Alfalfa 27 .6

Cultivation o7 19.4 19.4

Irrigation 5.7 J157.3 17,3135 |35 |35 |35

Harvest 6.3 [173.9 26,9160 |60 |27
Pasture 26 o6 ' 1

Cultivation 9 | 23,9 7 7 9.9

Irrigation 7.5 1202.2 22,2145 |45 | 45 | 45
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APPENDIX 1°
(cont.)_

Labor Requirements - Crop & Livestock

rati Hours/l‘otal Yearly Distribution
Operation Noe Inead |prs 7 [F M |A |M ]J 13 JA |8 |0 [N |D

Dairy Cows| 5 [140 700 [70-[70 {70 [70. p6 W42 42 ©2 42 jB6 [70 [70
Beef Cows | 12 |18 R16 [21.621.6R5,928.815.110.8L0:810,810.815,125.919,4

Calves 15115 [R25 [33.833.833.833.8 22.933.8033,.5
Yearlings | 15 | 10 [I50 27 R7 Pp7 : 15 R7 R7

Sow 1 130 30 | 1.8 1.8 3.0 5.1 3.6[ 1.8 1.8 1.8 1.8 1.8 3.9 1.9
Pigs 5 263 | 1205 o8 o8 1o3'2.1] 1B o8 o8 8 G o8 1.6 .8

Chickens 125P 2;3 P87.523 PR3 P8.840.3R3 PRO0.1R0.120.120.123 PR3 Pp3

?iigf 178 [L78 P24 418 B13 [338 [302 [533[366 {317 B8L 176

2 Labor requirements calculated from: Farm Budget.Standards for Irrigation
Farming, op. cit., pps 1-34, '

b Chickens:s bought 150; sold 100; average number: 125 @ 2.3 hours per
head,
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APPENDIX II

ECONOMIC APPLICATIONS OF SOIL SURVEY DATA
IN IRRIGATED AREAS

FARM NO.

MAP NO.

DATE OPERATOR

OWNER |

FORTY LOCATION F  ,Sce ,S ,T LR

YEARS ON FARM (Operator)

SIZE AND TENURE:

Total Acres Owned Rented Total

Dry

Irrigated’

Total

Crop Acres "Owned Rented

Total

Dry

FIELD LOCATION: |

SOIL TYPE

DATA SOURCE

DOES THIS FIELD HAVE (NEED)ARTIFI-

CIAL DRAINS?

IF SO, WHAT EFFECT DID THEY HAVE?

Irrigated

Total -

HAS THIS FIELD BEEN LEVELED (Heavy)?

WHEN WAS COMMERCIAL FERTILIZER FIRST USED ON THIS FIELD? (N)

WHEN?

(P)

Rate

~ CULTURAL PRACTICES . IRRIGATION PLANTING AND HARVESTING
. Times Length . Seeding
Operation(Implement|oyer Date of time ||[Operation| p,te =~ |Date




FIEID RECORD

JYEAR

CROPS

ACRES

YIELD

MANURE

Green  Barnyard

FERTILIZER

Kind|Time.

Rate

Time

Kind

Ra%e

Time
Applied

Increase
Attributed
to
Fertilizer

REMARKS
(Livestock=
Suitable
Crops)

n953

1952

n9s1

1950

L9L9

pLoL8

o7

§l9h6

- oks

“hohk

non3

oLz

:19h1

LI

11939

51938

1937

1936

119352

61T~

™

T1
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Farm No.

Operator
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APPENDIX I11

Address

Size and Tenure:

I

Economic Applications of Soil Survey

Data in Irrigated Areas
Owner »
Address
l. Total Acres | Owned | Rented | Total

Irrigated

Dxry

Total -

Crop Acres Owned | Rented | Total

Irrigated ' )

Dry

Total

2. For rented land

$ per acre

or " total

or % of

or % of
Machinery and Equipment:

Item - - Value

Tractor, size age
Tractor, size age
Tractor, size age
Truck, size age
Truck, size age
_age

Car, model




II . Cropss- Organization, Production, D%spdsiﬁiéﬁ

Produced Disposition - Tu" ' Inyentory
. _ : - |Landlord| Sold Bought Used ~1/1/53 1/1/5L
| Crop.. |Unit JAcres [Qty. [Val, j[QtydVal. |QtyVal. |Qty dVal.|Qty JVal. |Qty. [Value | Qty.|Value
1 3 L |5 6 |7 g 19 - - .
1falfa :
Hay
] Seed
i
{111 ‘Livestock Inventory )
i : 1/1/53 Inventory | Purchased Seld = |1/1/54 Invenﬁory Used in’
f. ; Klnd .| No. Value |No. Value |No. Value | No. Value Hggseﬁg d_ ﬁg?d%g{f
%Dairy cows ‘ | '
Z : ' |
FARM NO. - ECONOMIC APPLICATIONS OF SOIL SURVEY
FARMER DATA IN TRRIGATED ARFAS (PROJECT DATA)
YEAR| S. |BEANS |OATS |SPRING|WINTER |BARLEY [CORN JALFALFA [OTHER |PASTURR LIVESTOCK
| -|BEETS WHEAT |WHEAT ‘ HAY |~ CRERICERIE
| N T8 158 |8
Alvjalrjajrjaly (At Jafr |ajy[afr |afr| & @ g |5
| 1953
% 1952
= N
1935
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