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INTRODUCTION

Soil scientists in many states estimate crop

productivity values for soils found uithin their borders.

These values can be used to help farmers maximize their

production and profit. Extension personnel utilize

yield information to assess and recommend management

practices, and investors gain a clearer picture of costs

and returns by knouing the productivity of soils. Use-

value taxation, utilized in several states, is more valid

if it is based on soil productivity information.

This study uas designed to assess the productivity

and establish yield figures for the soils of Kansas.

This proved to be no easy task. The many factors affecting

yields and the rapid changes in production technology

make yield estimation difficult. Add to this the lack

of yield information on the many soils of the state, and

one gains an appreciation for the states which have

established productivity estimates.

The study begins by revieuing the various concepts

in rating soil productivity and components common to all

rating approaches. These components are applied to

estimate the productivity of Kansas soils. A study

to determine if real estate sale prices are affected

by the productivity of soils is also initiated.

The results of the study shou differences between

soil series yields and trends in crop yields across the

state. Factors affecting the sale price of real estate



in a four—county area are also discussed.

The potential uses of accurate soil productivity

figures in the state are many, The results and conclusions

of the study shcu the process of obtaining productivity

ratings for Kansas is not complete, but hopefully set

in motion.



CHAPTER I

REVIEU OF LITERATURE

Approaches To Soil Ratings

Many systems have been devised to rate soil

productivity. Host systems use selected soil and nonsoil

components such as rainfall and temperature. Rating

detail varies from a feu to a large number of classes

and complex indicas. Some systems apply to a limited

geographical area, others to entire nations.

In general, however, most systems follow one of

three approaches, One approach categorizes soils by

management limitations or difficulty of placing land into

production, A second rates productivity by soil profile

physical and/or morphological characteristics, A third

major approach uses actual yield information.

These approaches also may be used for special-purpose

rating systems. Common examples of special systems

are establishing real estate taxes, cattle carrying

capacities, or the economic productivity of certain

land areas.

Management Limitations

The first approach, classifying a soil by management

limitations, groups soils into different land-use purposes.

The most uidely used rating system of this type is the

Land Capability Class System of the United States Department



of Agriculture Soil Conservation Service (S.C.S.) (32).

Eight classes are used, with Class One having no

important limitations for sustained production while

Class Eight is considered useful only for recreation,

wildlife habitat, water supply, or esthetic purposes.

Subdivisions of classes two through eight recognize the

limiting factors of erosion, excess water, soil limit-

ations or climatic limitation.

The Land Capability System is the rating most often

used for farm planning. But, when considered a measure

of soil productivity, Smith and Atkinson (53) point out

several assumptions in the classification which must

be remembered:

1

,

Capability is assessed under good management

practices and not present management.

2, Each class may include different kinds of soils,

often requiring different management. This

indicates only the management limitations, not

the soil's ability to produce,

3, Soils considered suitable for improvement are

classified as if they were already improved.

Major land reclamation could therefore change

a soil class,

4, Physical limitations are considered more than

chemical limitations. This is based on the

assumption that chemical problems are easier to

correct, although either may be the limiting

factor on yields.



Physical Properties

The second approach to rating soils, that of

evaluating the profile physical and/or morphological

characteristics, has the advantage of attempting to

estimate productivity directly. In the 1930's Storie

developed the most well-known index of this type to

rate California soils (57). With slight modifications

the Storie Index has been applied to other areas.

The system consists of three factors: a) the character

of the soil profile such as texture, structure, and

fertility, b) topography, and c) other modifying

characteristics such as climate, erosion, stoniness,

and salinity problems. The three factors are given a

value betueen 1 and 100 uith 100 representing the most

favorable or ideal conditions for plant growth.

Progressively larger subtractions are made as conditions

become less favorable. These three values, when multiplied

together, form the final index.

The factors limiting production and the points

to be subtracted are at the discretion of the person

making the rating, and must vary from area to area.

Although this makes the Storie Index someuhat subjective,

it has the advantage of alerting managers or buyers

to potential problems uhen a low rating is observed.

Very little work has been done, however, to correlate

Storie Index values with actual historic yields.

At about the same time Storie was developing



his index, Clarke developed an index fcr rating English

soils easily in the field (12). Clarke's index is

defined as: Profile value = Texture rating x Depth x

Drainage factor. Since that time Clarke has shown that

his index correlates uell uith actual crop yields (13).

To rate soils in Ioua, Fenton collected corn yield

estimates for major soil series and interpolated yield

figures for less extensive soils (22). The yield figures,

modified by eleven yield-affecting factors such as

uetness and erosion, form a Corn Suitability Rating.

The Corn Suitability Rating ranks soils from 1 to 100,

uith th8 value 100 assigned to the most productive soil

in the state. Yields for crops other than corn are

found by multiplying the corn yield by a percentage

factor for each crop.

Ualker devised a similar corn yield model in Indiana

by assigning corn yields to index soils (Walker, C. F.

1976. A Hodel to Estimate Corn Yields For Indiana Soils.

M.S. Thesis, Purdue Univ. Uest Lafayette, Ind.). One

index soil was chosen for each family texture located in

the state. From these base yields, bushel figures were

either added to or subtracted for 14 different profile

characteristics,, This depends on whether the factor was

considered better or worse for corn production than the

same factor in the base yield soil*

Allgood and Gray (3) developed tuo models to estimate

uheat, grain sorghum and cotton productivity ratings for

soils in southwest Oklahoma. For the first model,



entitled the Soil-Properties Model, they collected

eight laboratory determinations for each soil. These

determinations served as independent variables to predict

yields collected over ten years on 16 soil series.

Their second model, named the Soil-Classification

Model, analyzed the same soils based on finding a

"normal soil" for the study area. The normal soil uas

given a dummy variable value of for 19 diagnostic

characteristics as defined in Soil Taxonomy (55). All

other soils were compared to the normal soil by a dummy

variable 1 representing a particular diagnostic character-

istic common to both soils. A value would represent

a characteristic of the normal soil not found in the

soil being evaluated. Linear regression procedures

regressed the dummy variables against the same yields

used as dependent variables in the Soil-Properties Model,

Allgood and Gray concluded that either model could

be used in predicting yields, but extensive laboratory

data must be available for each soil in the Soil-

Properties Model.

Yield Information

The third method of rating productivity involves

collecting actual yield information* This is perhaps

a more credible approach as results are based on actual

historic yields rather than estimation. These systems

evaluate actual and not potential yields as do the other



approaches.

Several studies of this type have occurred in Kansas.

Shortly after Uorld Uar II Pine collected yields from

farmers and personal plots in Geary and Riley Counties

to determine physical and economic productivity of the

soils (Pine, U. H. 1948. Methods of Classifying Kansas

Land According to Economic Productivity, Ph.D. Thesis,

Univ. of Minnesota, Minneapolis). Pine showed that

yields should be analyzed by management applied, and at

least the profile, slope, and erosion of the soil. Lack

of data to be analyzed, he further concluded, uas the

greatest obstacle to land classification in the state.

Ten years later Fritschen and Pine (24) collected

uheat and grain sorghum yields from farmers and experiment

stations in western Kansas Fields mapped as at least

75 percent one soil series were included as representative

of that series* Yield differences between the six soil

series were not significant. Yield variations due to

year to ysar changes in weather and a lack of analytical

data were cited for the inability to show series yield

differences,

Many Kansas soils have yield figures based on

historical yields collected for the 3.C.S. county soil

surveys (1). These values are based on actual yields

from farmers and state experiment stations and fields

as well as estimates from farmers, county and state

officials. Although beginning with actual yields, the

final yield figures for all soils in a county are not



solely based on historical yields. Yield estimates

are made for soil series for which there are known crop

yields and interpolations and extrapolations are made for

soils for which no information is av/ailable

Yield estimates are made for crops commonly grown

on all soils found within the county. In addition to the

soil, the estimates consider the effects of climate,

erosion and management on yields. In many reports yields

for two levels of management are estimated. The first,

or average level F assumes management practices in use

by the majority of farmers in the county. The second

management level requires improved practices applied by

only a few of the most efficient managers. Yield estimates

are expected averages for a five to ten year period.

Index A describes the two management levels (36).

Another example of Kansas yields partially based on

actual yield information are those compiled by the

North Central Regional Technical Committee 3 on Soil

Survey (37). For the years 1954-1963, personnel from

the agricultural experiment stations made estimates for

the more extensive soil series based on the knowledge of

cooperating individuals.

Special Rating Systems

In the search for equitable assessment of rural land,

an increasing number of states is considering use-value

taxation. Therefore, many studies have attempted to

establish soil-productivity ratings for tax purposes.



10

Th8 Taylor County, Ioua soil survey was completed

in 1946 and Scholtes and Riecken (49) used the soil

information for reassessment. The Corn Suitability

Ratings for the soils in each 40-acre tract were area-

weighted, uith a dollar value assigned to each rating.

From the tract value calculated by the Corn Suitability

Ratings, deductions were made for wetness, gullies, and

wasteland.

Since that time, Ioua has built adjustments into

the assessment for temperature and precipitation deviations,

artificial drainage, flooding, timbered areas, and problems

uith isolated spots (21). Fifty percent of the assessed

value is determined by soil productivity, the remainder

by fair market value.

Illinois has collected yield estimates, but applies

them differently for assessment (20,39). Each soil's

productivity in bushels per acre of corn, soybeans, uheat,

and oats is estimated. These estimates, when weighted

by the percentage of time each crop is grown on the soil,

results in a Soil-Productivity Index.

The Soil-Productivity Index and the percentage of

each soil series found in the soil survey are used to

calculate an area-weighted Tract-Productivity Index.

The Tract-Productivity Index, when compared uith the sale

price of other tracts with similar index value, form

the basis of the assessed value (40).

For Illinois counties lacking complete detailed soil

surveys, Eberle devised a method of preparing soil



11

landscape maps relying heavily on visual and stereo-

scopic interpretations of aerial photographs and a

minimum of actual in-the-field mapping (Eberlo, U . M.

1973. Soil-Landscape Maps for Farmland Valuation in

Uoodforri County, Illinois. Ph.D. Thesis. Univ. of

Illinois, Urbane,). The soil landscape map is less

detailed than soil surveys, uith up to tuo soils and

two slope classes combined into a single mapping unit.

This method required far less time and expense to complete

than the standard soil survey, and the values were shoun

to be highly correlated uith actual real estate sales

values in the study area.

Minnesota's variety of crops, soils, and soil

productivity led Rust and Hanson (47) to convert physical

productivity figures into an economic index. This index,

called the Crop Equivalent Rating, is based on physical

yield estimates for all major crops groun on each soil

series. Calculating the percent of time each crop

is groun on the series gives a percent land use for crops

on all soils.

The percent land use and the current market price

for each crop allow the calculation of gross income per

acre. Subtracting expenses incurred in producing the

crops from the gross income results in a net return per

acre for each soil series in the state. The soil uith

the highest net income per acre is assigned a Crop

Equivalent Rating of 100. All other series's net income

figures are weighted by this ratio.
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South Dakota utilizes an economic index to equate

land values where much of the land is in native grass.

The estimated yield of grass is multiplied by a per-

centage of crop production to give all soils a relative

economic value of crop production (Uestin, F. C. 1977.

Report to North Central Regional Technical Committee 3

on Soil Survey. St. Louis, Missouri.).

Timber is another native crop which poses special

problems in evaluation. In Uest Virginia 'Jeitzman and

Trimble (63) devised a Forest Land Capability Class System

with four classes. The most important soil factor in

determining productivity was depth to bedrock. But

allowances also had to be made for coarse textures,

impeded drainage, and special problems uith some soil

series

.

Soil productivity indices can be calculated for

almost any special purpose, limited only by the

researcher's imagination, Yahner and Srinivasan (65)

fed soil information, including maps and productivity

figures for the mapping units, into a computer. Given

the location of a farm, the computer retrieves the soil

information and calculates an average productivity index

for the farm or any field on the farm.

As additional research reveals the increasing

importance; of soils and knowledge of their productivity,

new refinements and approaches to soil productivity ratings

are undoubtedly forthcoming.
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Components of Productivity Models

All soil productivity models must allou for factors

uhich have a universal effect on yields, including manage-

ment, erosion, accuracy of soil mapping, time period,

crop varieties, ueather, and future yield trends.

Management

One of the most obvious factors affecting yields

is management,, Rehm and Sorensen (44) tested the

effects of fertilization, row spacing, and plant

populations of corn on the yields of soybeans grown

the following year. Even soybeans, uhich are considered

generally unresponsive to fertilizers (64), showed

yield influences from prior fertilization. Thus proper

management not only is important in obtaining optimum

short-run yialds, but also has a building effect over

time.

As discussed earlier, the S.C.S. considers management

important enough to make soil yield estimates for two

management levels (36). The S.C.S. further has stated

that management plays such an important role on soil

productivity that one can not define "natural soil

productivity" (54). Any measure of soil productivity

exists only in a cultural setting with an assumed level

of management. A "productive" soil is one uhich gives

good yields of a specific crop or crop sequence in

relation to inputs of materials and labor.



Erosion
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A factor closely tied to management, and equally as

important in the long run, is erosion. Suanson and

Maccallum (58) studied the effects of various soil

conservation measures on income received from three

Illinois soils. The soil loss was calculated for a

number of alternative conservation plans and converted

to yield reductions. The annual costs and returns for

each plan were estimated, and the annual net returns

were discounted and summed into a present value of the

plan.

Their results showed little economic incentive

to establish conservation measures on the three deep

loessial soils. Profit maximization uould require a

minimum of conservation measures but an increased use

of fertilizers as soil losses increased over a 50-year

period.

Not all soils, however, have permeable subsoils

capable of sustaining high yields with additional

fertilizer. Qdeil (38) found that shallow soils in

the same area of Illinois were more adversely affected

by soil losses than deeper soils,,

Ioua research revealed an increasing use of fertilizers

uould recoup soil losses in some years, but not in others,

depending on the weather (19). To maintain high yields,

however, heavy fertilization, especially of nitrogen,

had to be maintained (18).
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In general, the effect of erosion a 1 losses on yields

depends on the original soil, the weather, use of

fertilizers, and time period involved.

Purity of Soil Flapping

To associate crop yields uith soils the purity of

the soil mapping units must be defined. The areal

percentage of a soil mapping unit for uhich the estimate

is made may vary from 50 to 100 percent (16,45).

Not only does the percent of mapping units vary,

but some errors occur in mapping. The 5.C.S. claims

85% accuracy in soil survey mapping (54). Some have

said that the figure is too low, others, too high.

Stephens (56) considered describing an area containing

only 35% one soil series as too tolerant of inaccuracy.

On the other hand, the late Robert Sloan, superintendent

of the Cornbelt Experiment Field for 14 years, stated in

a personal interview with me that he could detect no

yield differences between the various mapping units of

the Grundy series located on the experiment field.

Soils form a continuum, yet a soil scientist is

forced to draw a distinct line to separate mapping

units (9). Also, soil properties vary within a series (11).

Feu fields contain a high percentage of any one soil

series. Most researchers therefore accept a low percentage

of any one soil series on the fields from which they

collect yield information,, As the required percentage



of one soil series decreases, however, so does the

researcher's ability to relate the yields to specific

soil propertiesr

16

Weather

The factor with perhaps the greatest effect on

yields and certainly the factor over which man has the

least control is weather. Rust and Odell (48) showed that

weather changes affect corn yields in Illinois more than

any other factor. Thompson (59) showed similar results

for wheat yields in Kansas, Nebraska, South Dakota, North

Dakota, and Oklahoma. Consequently, most crop-yield

estimates for soils assume "average" weather (6).

There is growing speculation as to what the term

"average" or "normal" weather means, Shapley (51) and

others believe that weather in recent years has been

abnormally good. Poorer years, they believe, will come

soon. Thompson's yield models (59) show recent weather

to be better than average, but getting worse, The

Central Intelligence Agency (10) noted the possibility

of a major climatic change which will decrease yields on

many soils.

Regardless of future forecasts, Thompson (60)

has shown that year to year variations in weather have

a larger effect on soil yield potential than climatic

change. Although gaining in popularity in recent years,

theories of worsening weather are not fully accepted.

Most rating systems ignore future weather theories and
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consider only past weather patterns to establish yield

estimates. One study uas completed in 1966 to project

yields for soils in nine Missouri River Basin states to

the year 2020. The report by almost 100 scientists from

nine states made no mention of weather (37).

Many people question that series yields can be used

in real estate tax assessment when unusual weather, such

as heavy rain or hail, seem to strike some fields more

often than others. Soils are formed by five factors, one

of which is climate (S). Longtime climate variation

produces a different soil which would therefore be mapped

differently.

Occurrences cf hailstorms in Kansas, for example,

can be directly correlated with elevation (23), Hail

insurance rates in the state are determined by allowing

a weight of 25% to township experience, 25% to county

experience, and 50% to elevation. Soil series also vary

with distance and elevation.

Future Yield Trends

The uncertainty of weather makes soil productivity

estimates for the future difficult. Illinois's original

soil rating system assigned values from 1 to 10 to the

state's soil series, with the value 1 representing the

most productive soil (52). It soon became apparent that

increasing yields on many of the soil series did not fit

into the rating system. The rating was revised to range

from 1 to 100, with 100 assigned to the most productive
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soil in the 3tate (62), The neu system was "open ended"

to include neu soil series or to allow for increases in

series estimates.

Researchers in Illinois nou believe that yields on

their soils will continue to increase, with no limiting

factors in sight (20), 3ensen (30) believes, however,

that even if the weather remains favorable for crop

growth, the favorable mix of genetics and technology

enjoyed in the past, soon will hit absolute yield ceilings.

The LUS.D.A, cites increased topsoil erosion and constraints

in the use of fertilizers, pesticides, energy, and water

as potentially decreasing soil productivity (33), These

opposing theories make future yield estimation highly

speculative 6

Time Period

For productivity rating systems based on actual yield

information, the length of the past time period must

be carefully chosen, The period must,reflect the crop

varieties, technology, and weather desired.

Rust and Odell (48) estimated yields based on a ten

year period, as did the North Central Regional Technical

Committee on Soil Survey (37), Host studies consider a

ten year period as adequate to obtain stable yield data,

although some studies make estimates from as little as

three years information (6).
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Crop l/ariaties

Genetic improvements in crop varieties have contributed

to increasing yields on all soil series. 3ensen (30)

has shown that 49% of wheat yield increases in Neu York

since 1925 have been due to genetic improvements, Buntley

and Bell (6) listed crop genetic potential as one of the

four major factors influencing yields.

Therefore, most yield models include adoption of neu

varieties in soil yield estimates, although varietal

improvements can be taken out (30,59).



CHAPTER II

METHODOLOGY

20

Collecting Yield Information

To obtain crop yields from specific soil series in

Kansas I asked fieldmen from the Kansas Farm Management

Association to find members who would provide yield and

soil information* Association members keep records and

tend to be the better producers in the state, It was felt

that they could therefore provide the best yield information.

The limited response from association fieldmen, however,

produced only three farms with useable soil and crop yield

information.

I then collected both crop yield and soil series

information from 16 Kansas Agricultural Experiment Stations

and Fields, The yields were taken from annual reports for

facilities located at Belleville, Colby, Garden City, Hays,

Hesston, Hutchinson, Mankato, Manhattan, Minneola, Newton,

Ottawa, Powhattan, Rossville, St. John, Topeka and Tribune.

The experiment station reports are on file with the

Kansas Agricultural Experiment Station and the Experiment

Field reports are kept by the Agronomy Department, both

located at Kansas State University. I collected information

for the years 1955 through 1977 en performance and variety

trials of all major crops.

To correlate the crop yields with soils, S.C.S,

Soil Surveys show soil series for 12 of the 16 locations

(2,4,14,17,25,27,28,29,34,45). Franklin, Stafford, and
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Thomas Counties, in uhich are found the East Central

Experiment Field, Sandy land Experiment Field, and the

Colby Branch Experiment Station, respectively, did not

have publishad soil surveys. Fortunately, the counties

are presently being mapped, and the S.C.5. Soil Scientists

in charge of mapping the counties graciously mapped the

fields and supplied the necessary soil series information.

In addition to the soil information supplied in the

Greeley County Soil Survey, a more detailed map of the

Tribune Branch Experiment Station can be found in Flaking

the Most of Soil, Uater, Climate in Uest-Central Kansas

Through Research at Tribune Branch Experiment Station (26).

The map in this publication uas used instead of the less

detailed county survey.

The Southeast Kansas Branch Experiment Station,

with fields located at Mound I/alley, Parsons, and Columbus,

has no published soil rr,aps e The only yields included in

the study from the Southeast fields are those published

in Kansas Sorghum Performance Tests (61) on soils knoun

to be Parsons silt loam on the Parsons field.

Likewise, the Mankato field in Deuell County is

unmapped, but the soil on the station has been determined

to be Crete silt loam.

Locating the other stations' experiment plots on

the soil survey maps showed soil series for individual

plots. Plots on a soil series border were carefully

checked with a grid overlay to determine percentages

of each soil series in the plot. Uhen the surface area
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of a plot did not cons:. s t of at least 90 percent of one

soil series, the plot uas omitted from the study, But

experiment plots are so small that only tuo stations had

plots requiring areal measurement. All other plots were

clearly either 100 percent one soil series or clearly

much less than 90 percent of any one soil series. Table

1 shows the soil series and locations for uhich information

uas collected,

I averaged yields for a particular plot and crop

using all variety data supplied by the annual report,

Since 1955, many tests have been moved and/or changed,

leaving gaps in the record. Appendix B contains the yield

figures for all crops and locations,

Separating Series Differences

The first step in analyzing the yields uas to determine

if differences existed betuaen soil series yields, The

location, soil series, year and yield figures uere

entered on computer cards. Using the General Linear

Models Procedure of the Statistical Analysis System (SAS),

the F value uas calculated for the variables year, soil

series, and the year and series together in an analysis

of variance procedure.

Crops included in the evaluation uere irrigated and

non-irrigated uheat, grain sorghum, soybeans, corn, uinter

barley, and forage sorghum, as uell as non-irrigated spring

oats and alfalfa and irrigated cornsilage. Crops dropped

from the analysis due to small sample size included
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SOILS AND THEIR LOCATIONS
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Soil

Butler silt loam

Caruile fine sandy loam

Cauker silt loam

Clark-Ost (complex)

Crete silty clay loam

Crate silt loam

Crete silt loam

Eudora silt loam

Eudora silt loam

Eudora silt loam

Eudora-Kimo (complex)

Farnum fine sandy loam

Goessel silty clay loam

Grundy silty clay loam

Harney silt loam

Harney silt loam

Ivan silt loam

Kahola silt loam

Keith silt loam

Keith loam

Kenoma silt loam

Ladysmith silty clay loam

Muir silt loam

Naron fine sandy loam

Parsons silt loam

Reading silt loam

Richfield silt loam

Smolan silt loam

Tabler fine sandy loam

Ulysses silt loam

Ulysses silt loam

Ulysses silt loam

Ulysses silt loam

^Station County Slope

North Central Republic 0-1

Sandy land Stafford 0-1

Fort Hays Ellis 0-1

South Central Reno 0-1

Fort Mays Ellis 0-1

Mankato Oeuell 0-1

Belleville Republic 0-1

Ashland Riley 0-1

Rossville Shaunee 0-1

Topeka Shaunee 0-1

Topeka Shaunee 0-1

Sandy land Stafford 0-1

Neuton Harvey 0-1

Cornbelt Broun 0-1

Fort Hays Ellis 0-1

Southwest Ford 0-1

Manhattan Riley 1-3

Manhattan Riley 0-1

Colby Thomas 0-1

Garden City Finney 0-1

East Central Franklin 1-3

Neuton Harvey 0-1

Ashland Riley 0-1

Sandy land Stafford 0-1

Parsons Labette 0-1

Manhattan Riley 1-3

Tribune Greeley 0-1

Manhattan Riley 1-4

Sandy land Stafford 0-1

Colby Thomas 0-1

Tribune Greeley 0-1

Garden City Finney 0-1

Garden City Finney 1-3
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Table 1 , Cent.

Soil Station

Ulysses-Colby (complex) Garden City

Ulysses-Richfield (complex)Garden City

Ulysses-Richfield (complex) Garden City

Uoodson silt loam East Central

Uymore silty clay loam Manhattan

Count y Sloped

Finney 1-3

Finney Leveled

Finney 0-1

Franklin 0-1

Riley 1-4

irrigated spring oats, yinter oats, spring barley, rye,

alfalfa, and sugarbeets as well as non-irrigated uinter

oats, spring o a t s
?
rye and cornsilage,

This analysis shoued differences betyeen series

yields for non—irrigated wheat, grain sorghum, winter

barley, and soybeans* Uinter barley was dropped from

further analysis because of small sample size and its

lack of popularity in the state.

Using the General Linear Models Procedure to calculate

the least squares means matrix of the series yields showed

which series yields differed for the three remaining

crops. Another method that illustrated series yield

differences consisted of subtracting the yields for each

year on one soil series from the same year's yields en all

other series. Running a one-way analysis of variance

test on the differences illustrated the diversity in

series yields.

In an attempt to separate the effect of soil on

yields from the effects of other factors, "problem"

yields of wheat and irrigated wheat ware removed. Annual

reports W9re consulted to determine if insect, disease or
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weather problems uere encountered during the production

of any uheat yields that appeared by visual examination

to be much louer than other yields in the series. These

problem yields uere compared with other non-affected

plots and if a difference occurred the observation was

dropped from the analysis. Appendix C lists the yields

which were removed.

To separate other yield-affecting factors from the

effect of soils, predicted uheat yields from a model

developed by Dr. Arlin Fl . Feyerherm uere used. Dr.

Feyerherm's model estimates uheat yields for the U. S.

using fertilization, varietal improvement, cropping

patterns, temperature, and rainfall as independent

variables.

I subtracted my observed yields from Dr. Feyerherm's

predicted yields for each year from 1956 through 1974,

Differences uere calculated for soil series located at

Mankato, Garden City, Colby, Hutchinson, and for two series

at Hays. A one-way analysis of variance test on the

differences showed series yield differences due primarily

to soils.

Yield Trends

The yield data I collected revealed that yields were

increasing over time. Both linear and curvilinear

regression equations were fitted against non—irrigated

wheat, grain sorghum, and soybean yields to evaluate the

trends. The Stepwise Regression Procedure of SAS was



used to determine the curvilinear model with the highest

2
R , These procedures also uere run on individual series

yields*

The Kansas Crop and Livestock Reporting Service

collects wheat and grain sorghum yields on a county and

statewide basis (31), I compared their statewide trends

in farmers' yields with the yields from the experiment

stations for 1955 through 1977„

Since crops other than non-irrigated wheat, grain

sorghum, soybeans and winter barley showed nc significant

differences between soil series yields, only statewide

trends ware evaluated. Both linear and curvilinear models

were fitted against their yieids e

Real Estate Sales Analysis

Many factors influence the price paid for agricultural

land. One factor may be the productivity of soils in

the sale tracts* To test this theory, rural real estate

sales were: analyzed for Riley, Geary, Morris end Chase

Counties for 1975 and 1976.

Host of the information on the sale tracts was

collected by local individuals (Kansas Society of Farm

Managers and Rural Appraisers Farmland Sales Project*

1975 and 1976. Department of Agricultural Economics,

Kansas State University, Manhattan-.). Information for

each tract included the legal description, date of sale,

total acres in the tract, sale price per acre, improvements,

miles to town, cropland acres, and type of road bordering
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the tract. Only verified sales were included in the

analysis, A verified sale i3 one for which there is

reasonable proof of sale and not reported from hearsay.

From the legal description of the sale, the tract

was located in a soil survey (5,15,29,36). In some cases

the soil survey provided information missing in the sales

project's records, making the sale useable for analysis.

In all cases the soil survey provided information on the

soil series found in the sale tract.

The area of each soil mapping unit was measured

on each sale tract with a planimeter. This enabled the

percent of each mapping unit to be calculated.

The county soil survey reports contain yield estimates

for crops commonly grown on soil mapping units found

within the county. The reports for the four counties

in the study area unfortunately were published at different

times. The Morris County report contains yield estimates

for 1969, Riley County for 1968, Chase County for 1967,

and Geary County for 1958. As yields have been increasing

since those years, the yields were projected to 1975 in

order to be relative to each other.

The yields I collected from the experiment station

trials have increased an average of 1.2 bushels per acre

per year for non-irrigated wheat and grain sorghum.

Yields from the county soil surveys were raised by 1.2

bushels per acre per year for each year from the date

of estimation to 1975.

Some soil mapping units occurred in more than one



county, so small differences arose in the 1975 yield

estimates for those units. The majority of differences

were one or two bushels, with the largest difference being

four bushels per acre, Uhen differences occurred, the

average of the 1975 projected yields from all counties

containing the mapping unit uas taken, resulting in one

yield figure being used for each mapping unit for all

counties,

A feu mapping units found on the sale tracts have

no yield estimates in the soil survey reports as estimates

are given for soil series on uhich crops are commonly

grown* Many of the sale tracts contained mapping units

in native grass uhich usually are not cultivated.

The mapping units without crop production figures

have values uhich must be accounted for in the analysis.

Data were taken from Cash Farm Rental Rates in Kansas (42)

to arrive at productivity figures for all mapping units.

This publication gives the average cash rant per acre for

cropland and for pasture or grazing land for each year

and crop reporting district.

Cash rent for grassland uas 58^ of cash rent for

cropland in the East Central Crop Reporting District in

1975. This percentage of the average crop yields for the

available mapping units gave values of 31 bushels per

acre for uheat and 47 bushels per acre for grain sorghum

an the remaining uncultivated mapping units. A list of

the mapping units and their estimated yields can be

found in Appendix D.



29

The Capability Class Units from the soil survey

also uero area-ueighted for each sals tract by the percent

of each mapping unit in the tract.

The multiple linear regression option of SA5

analyzed the follouing model:

Y = B
Q

+ P
1
X
1Q

+ P 2
X
2Q

+ P
3
X
21

+ 3 4
X
3Q

+ P 5
X
4Q

+

P 6
X
50

+ P
7
X
51

+ P 8
X
6Q

+ P 9
X
70

+ P 10
X
71

+

P-^X-o + B 19 X Qn + B 17 X Qn + P/i/Xq. + E11*72 i2"eo 13*90 14*91

Uhere

Y = Sale price per acre

X 1G
~ "J" *' 3 -'- acres in sale tract

X 2D
= ^" u ^^ improvements

X 21
= PaI"kial improvements

X^q = Miles to town

Xx
Q

= Bordering hardsurface road

Xr n
- Uheat yield estimate

X
(
-
1

= Grain sorghum yield estimate

X 6Q
= ^ ear s °ld

X 7Q
Geary County tract

X
71

= Morris County tract

X 72
~ Chase County tract

Xnn ~ Percent cropland

X
9Q

= Capability Cla3s Pour

X
g1

Capability Cias3 Five

B = The parameters of the model

E - Random error term
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The improvements uere described in the Society's

records as either unimproved, partly improved, or fully

improved, Multicollinearity was avoided by including

only two of the three variables in the model. Dummy

variables with values or 1 represented full and partial

improvements, respectively, while a zero for both full and

partial indicated an unimproved tract*

Three classifications of roads were used; dirt,

gravel, and hardsurface. Since too few tracts contained

dirt roads to make a valid comparison, all sale tracts

with dirt roads were not analyzed* Flulticollinearity

was avoided by including only one dummy variable

representing the relationship of hardsurface to gravel

roads.

The date of sale was represented by a dummy

variable indicating a 1975 or 1976 purchase. Dummy

variables also represented the counties with Riley

County excluded for comparison.

Few tracts contained soils averaging Capability

Class One, Tuo, Six, Seven, and Eight, so only Classes

Three, Four, and Five uere analyzed* Variables representing

Classes Four and Five uere included for a comparison uith

Class Three.

The percent cropland uas determined by dividing

the cultivated acres by the total acres in the tract,

and multiplying by 100 to obtain percentage.



CHAPTER III

RESULTS AND DISCUSSION
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Data Collection

State Experiment Stations and Fields proved to

be the best source of crop yield information* The

facilities have annual reports which provide accurate

yield information for each year's operation. Another

advantage of using experiment station yields as opposed

to farmers' yields is the consistently high level of

management applied at all experiment stations and fields.

All stations and fields are assumed to operate under the

top or B level of management as defined by the S.C,3. in

Appendix A c This proved a great advantage over farmers'

yields uhich would have required an assessment of the

management applied by each operator.

The 90% area figure was chosen to obtain yields

from fields consisting predominantly of one soil series.

Any plot uhich had less than 90% of any one soil series

was not included in the analysis. This percentage is

much higher than most studies require. I felt this

purity was needed, however, as most soil series were

located at only one experiment facility. The single

location therefore would represent the series for the

entire state.

Choosing the 90^ figure assured that at least

77^ of each plot was one soil series even if the S.C.S.

mapping was off the full 15% and the plot percentage
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off the full 10$. In actuality the plot3 were much

higher than 77$ one soil series, Host plots uere clearly

100$ one soil series or much less than 90$ any one series.

For plots that uere close to the 90$ proportion, a grid

overlay uas used to find the percentage of each soil

series. The plots which required the most areal measure-

ment uere located in the irrigated borders at Colby

and on the dryland field at Tribune. Determining the

proportion of soils in these p 1 o 1 3 uas aided by obtaining

soil maps for the stations uhich uere in greater detail

than the county survey maps for uhich the S.C.S. claims

85$ accuracy. The Tribune map is found in an experiment

station bulletin (26) and the map of the Colby Station

uas made by the S.C.S soil scientists mapping Thomas

County but uas more detailed uith a scale of 7.5 inches

to the mile.

I collected yields from only variety and performance

trials in order to be consistent uith farmers' fields

and yields from other stations. Stations grow registered

seed and have many other experiments, but only variety

and performance tests were consistent be tureen stations.

Also, variety and performance tests consisted of varieties

grown, or soon to be groun, by farmers in the area.

Test yields increased due to varietal improvement as

the varieties changed from year to year.

Ten years is considered the maximum time period

necessary to observe yield trends in most studies. Ted

Walter, agronomist in charge of variety testing at
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Kansas State University, staled in a personal interview

that feu varietal and technological improvements in

grain sorghum production have occurred nince 1955, Since

then there have been continua] but gradual improvements

in uheat production. A 23-year period beginning in 1955

uas selected for this analysis to utilize the longest time

period possible uithout major breakthroughs in plant

breeding or technology « The longer the time period the

greater the probaDility of averaging out (he effects of

adverse weather, poor management decisions, and other

factors on soil yield estimates.

Yield Differences by Crop

The first step in analyzing the data was to

determine uhich crops showed differences in soil series

yields, The General Linear Flodels Procedure computed

a two-way analysis of variance test on statewide yields

for each crop. Table 2 shows the crop, total number of

observations, and the probabilities of a greater F value

for the variables series, year, and series and year

together.

Table 2 reveals that the year in which the crop

was grown had a non-zero effect on the yield more often

than soil series for most crops. Ten crops showed yield

differences for the year grown at a
A

\Q% significance level.

Only four crops showed a difference in soil series, while

year and/or series combined to shou significant differences

for ten series.
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TABLE 2

THE EFFECTS QF SOIL SERIES AND YEAR ON CROP YIELDS

CROP

Alfalfa

Spring barley

Winter barley

Irr. winter barley

Corn

Irr. corn

Irr. corn silage

Forage sorghum

Irr, forage sorghum

Grain sorghum

Irr. grain sorghum

Spring oats

Soybeans

Irr. soybeans

Wheat

Irr. uheat

TOTAL PR0BA8I LITY OF GR EATER F

OBSERVATIONS S ERIE'S "Tear MODEL

34 0.20 0.61 0.46

34 0.25 0.12 0.14

73- 0.01* 0.00* 0.00*

27 0.85 0.59 0.53

40 0.41 0.16 0.13

76 0.24 0.02* 0.01*

31 0.70 0,74 0.67

56 0.16 0.01* 0.00*

28 0.16 0.02* 0.03*

160 0.00* 0.00* 0.00*

56 0.53 0.07* 0.13

71 0.22 0.05* 0.02*

68 0.00* 0.02* 0.00*

55 0.30 0.06* 0.04*

174 0.00* 0.00* 0.00*

42 0.11 0.72 0.10*

*Significant at the 10% level or higher.

The study's purpose uas to determine soil differences.

The four crops uhich showed a series difference were

therefore chosen for further analysis. These crops

uere non—irrigated uheat, grain sorghum, soybeans and

winter barley. These four crops also shoued highly-

significant differences for the variable year. Large

sample sizes for these crops may have contributed to

the model's ability to detect their series yield differ-*

ences. Other than spring oats and irrigated corn, the



four crops had the largest sample sizes in the study.

Perhaps a greater reason for the distinction of

these four crops would be their suitability to Kansas's

soils and climate. They are therefore the most popular

dryland crops in the state, hence more variety and

performance tests were made for these crop 3.

All four of the crops ucre non-irrigated. Irrigated

grain sorghum, soybeans, vheat and uinter barley failed

to shou scries differences. Uhen a crop is irrigated,

physical limitations to crop yields are less pronounced.

Some soil productivity indices rate soils primarily on

their ability to supply uater to a crop (7). Roy Guin,

3r», superintendent of the Tribune Branch Experiment

Station, stated in a personal intervieu that series

yield differences usrs observed on the dryland field,

but not on the irrigated field,,

Series Yield Differences

Series differences were sought for yields of

uheat, soybeans and grain sorghum. Uinter barley

uas dropped from further analysis because of declining

popularity among producers in the state (31). Of the

73 uinter barley yields, only 12 were grcun since 1968.

A least squares means matrix uas found by the

General Linear Models Procedure to distinguish differences

in series's yields of grain sorghum, uheat and soybeans.

Table 3 contains the least-squares means and their

standard errors for grain sorghum.



TABLE 3

GRAIN SORGHUM LEAST-SQUARES MEANS

SERIES

Woodson

Grundy

Parsons

Farnum

Crete (Hankato)

Crete (Belleville)

Ladysmith

Kenorna

Keith (Colby)

Clark-Ost

Ulysses (Garden City)

Harney (Minneola)

Harney (Hays)

Keith (Garden City)

Crete (Hays)

Richfield

Caruile

LEAST-SQUARES
MEAN

104,,2

93.,8

78,,8

66

,

,5

65, o
> ->

60,,2

59,,3

58,,8

57,,1

56,,3

56,,2

50,,9

50,,2

48,,1

47,,4

36,,4

STANDARD ERROR
Oi

29.9

THE MEAN

15,,9

5,,3

7,,0

13,
A

7,,0

6,,1

22, 3

22,,4

4, 5

4,,5

9,,2

4,,5

6,,1

9,,1

8,>5

15,,8

16,,1

Least-squares means are nearly equal to the arith-

metic means of the series yields. The least-squares

mean is affected more by exceptionally high or iou

yields because the differences are squared. Therefore,

least-squares means tend to be slightly lower than

arithmetic means because years uith exceptionally low

yields are encountered more often than are years with

exceptionally high yields.

Table 4 gives the probability of the least-squares

mean on one series grain sorghum yields equaling the
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least-squares mean of other series. This information

is arranged in order of highest yield in Graph 1. The

graph shows that the majority of grain sorghum yield

differences occurred between the series located in the

northern and eastern portions of the state and series

located elsewhere. The two most productive series were

located at Ottawa and Powhattan and differed from all

but three other series. The lowest yielding series w?s

found on the St, j"ohn field and failed to differ from

10 of the 15 other series.

One reason many of the series showed no yield

differences may be the snail sample sizes collected from

many of the series. All of the soils' least squares

mean standard errors greater than eight had sample

sizes equal to or less than ten. Only series with at

least six observations appear in Graph 1 .

A similar procedure was completed for soybeans.

Table 5 contains each soil series, its least-squares

mean and the standard error of the least-*squares mean.

All series met the J\U% significance level and were

included in Table 6 which shows the probability of the

least- squares mean of one series equaling the means of

the other series. Graph 2 contains this information for

series having at least six observations.

As with grain sorghum, the higher yielding series

were located in the northern and eastern sections of the

state and had larger sample sizes. Kenoma, Ladysmith

and Tabler contained the smallest sample sizes and
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Table 4, Cont.

Harney Crete
(Minneola) (Mankato)

Crete 0.075*
(Wankato)

Parsons 0.001* 0.204

Parsons Richfield

Richfield

Uo oda o n

0.378

0.002*

0.094*

0.029*

0.014*

0.139

*Significant at 10°S level.

TABLE 5

SOYBEAN LEAST-SQUARES MEANS

0.002*

40

Series

Tabler

Grundy

Uoodson

Ladysmith

Crete
(Belleville)

Kenoma

Clark-Ost

Crete

Keith

(Mankato)

(Colby)

Least-Squares
Mean

36.8

35.

1

32.8

28.2

22.6

22.1

16.8

14.9

13.8

Standard Error
of Wean

9.3

2.1

2.9

9.6

2.5

11.8

3.9

3.0

3.9
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GRAPH 1

SERIES YIELD DIFFERENCES

FOR GRAIN SORGHUM

Grundy
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Crete (Belleville)

Keith (Colby)
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Ulysses (Garden C.)

Harney (Winneola)
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A shaded square indicates

a significant differenca at

10$. For example, Clark-

Ost differs from Grundy

and from Parsons.
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GRAPH 2

SERIES YIELD DIFFERENCES

FOR SOYBEANS

A shaded square indicates a significant difference

at 10^. For example, the Crete series at Belleville

differs from the Grundy, Uoodson, Crete at Mankato

and Keith at Colby,
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therefore the largest standard errors. Most stations

growing non-irrigated soybeans are in the northern and

eastern portions of the state, so less variation occurred

araong soybean yields*

Table 7 contains the least squares means information

to differentiate series wheat yields. All series met

the 10% significance criteria*, and appear in Table 8

showing the probability of series yield differences,

A simplified form of Table 8 can be found in Graph 3.

I excluded the series Cawker, Farnura, Goessel, Kahola,

Ladysmith, Uymore and Ulysses because they contained

less than six observations. These series also had the

highest standard errors, as shown in Table 7*

The higher yielding series for wheat differed from

more series than did the lower yielding series* Highest

wheat yields also occurred on series located in the

northeast portion of the state although the tendency

was less noticeable than for grain sorghum*

A second method to determine soil series yield

differences is subtracting series yields from each other.

Table 9 contains grain sorghum yield differences from

the Harney series located at Flinneola, The Harney

yield was subtracted from yields of other series for the

same year, and a one-way analysis of variance was run

on the differences. Table 9 also shows the 10% LSD

value for each comparison. Only series with a minimum

of six observations were included.



table: 7

wheat least squares means
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Series Least-Squares Standard Error
Mean of Mean

Ulysses 45.5 7.2
(Garden Ci ty)

Grundy 44.

S

2.3

Crete 41 .6 2.3
(Bellevill b)

Kahola 39.5 10.0

Clark-Ost 38.3 2.1

Keith 35.0 4.1
(Garden Ci ty)

Uymore 34.9 10.0

Crete 34.7 2.4
(Mankato)

Farnura 33.5 5.8

Smolan 32.9 3.8

Woodson 32.8 3.3

Carwile 31 .6 3.2

Keith 31 .0 2.6
(Colby)

Cauker 30.7 10.0

Crete 27.6 3.6
(Hays)

Harney 27.0 2.6
(Hays)

Harney 26.8 2.1
(Minneola)

Goessel 26.1 10.2

Lady smith 23.1 10.2
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GRAPH 3

SERIES YIELD DIFFERENCES FOR WHEAT

A shaded square indicates a

difference at 10$. For example,
Caruile differs from Grundy,
Clark-Ost, and the Crete at
Belleville.
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Table 9, Cont.

Series Mean Crete Harney Ulysses
(Hays) (Minn.) (G. C.)

Harnay
(Hays)

3.1 Mean

LSO

di f fsrence 15. S

21.6

3.1

16.3

1.2

22.7

Ulysses
(Garden City)

1.8 Mean

LSD

difference 14.5

25.3

1.8

20.9

•

Harney
(Ninneola)

0.0 Mean

LSD

difference 12,7

19.7

e

Crete
(Hays)

-12.7

Significant at LSD = 10^

Includes the years 1955-1977.

This method differs little statistically from the

previous tests, but uas run on a sequence of years uhere

the series tested had feu missing observations. If, for

example, yields for one series uere obtained during a

period of favorable weather uhile those of another series

uere collected from years having abnormally bad ueather

or disease, a valid comparison of their yield potential

is unlikely. Grouping yields from the same years overcomes

this problem.

In actuality, feu differences arise in the results

of the two tests. Table 9 shous three series differences

not shown in Graph 1. In Table 10 the Keith soil at

Colby is used for base yields. Table 10 and Graph 1 both
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Series

Table 10, Cont.

Mean Crete
(Hays)

Harney
(Hays)

Harney
(ninneola)

-6.7 Mean difference

LSD

10.0

16.9

0.1

14.4

Harney
(Hays)

-6.8 Mean difference

LSD

9.9

18.7

•

Crate
(Hays)

-16.7

^Significant at LSD 10%

Includes the years 1955-1977 except 1965.

have 19 differences, although the differences are not all

on the same comparisons

.

Table 11 and Table 12 show the differences in

soybean yields using the Crete soil at Belleville and

the Uoodson series at Ottawa for base yields. Obtaining

series uith at least six observations for the period of

time considered reduces the data avialable for analysis.

Fewer differences appear in Tables 11 and 12 than in

Graph 2 as the Keith series was dropped from the two

tables .

Differences in wheat yields from the Grundy series

at Pouhattan and the Harney series located at Minneola

are found in Tables 13 and 14. Comparisons between the

one-way analysis of variance test and the least squares

means test described earlier can be found in Table 15.
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TABLE 15

NUMBER OF SERIES DIFFERENCES IN TESTS

Crop

Grain
Sorghum

Series

Keith
(Colby)

Harney
(Minneola)

One-Uay Analysis Least Squares
Of Variance Means Test

20

22

19

19

Uheat Grundy-

Harney
(Minneola)

28

22

28

28

Soybeans Uoodson

Crete
(Belleville)

10

10

In general, fewer differences are found in the one-way

test because smaller sample sizes were used, resulting

in larger standard errors and fewer differences between

series

,

In addition to small sample size, other factors

may have combined to minimize series yield differences.

Variety and performance plots are generally small in

size. Therefore disease or adverse weather such as hail

would affect the plot yields more than yields obtained

from the averaged size farm field.

As stated earlier, comparison of yields from

different years may have added variability not due
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to soils. Assumptions of correct mapping and class-

ification of the small plots and consistent management

of the stations also are necessary to differentiate

series yields .

Isolating the Effect of Soil on Yields

The estimated yields from a model developed by

Dr. Arlin PI. Feyerherm were subtracted from wheat

yields on six series to remove effects of varietal

improvement, rainfall, temperature, fertilization,

cropping patterns, disease, insect and weather problems

from the effect of the soil on yields. A one-way

analysis of variance was computed for the differences,

with the results appearing in Table 16. If Dr. Feyerherm's

model removes the effects of the above variables, then

the differences noted in Table 16 should be due primarily

to the soil.

Several theoretical and practical problems arose in

this approach, however. Predicted values were available

for the years 1956 through 197 'i at the five locations

listed in Table 16. Only 45 collected yields met the

criteria and were avialable for comparison with the

model's predicted yields. Also, under the present

concept of soil classification, a soil must be considered

in situ . Removing the variation in temperature and rain-

fall, for example, removes part of the differences in

the soils themselves (S).
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Ta avoid those problems, annual reports for all

stations Li ere consulted uhen any yield of uheat or

irrigated uheat uas observed to be bolou average for

the series. IP the reports noted insect, disease or

weather problems, the yields uere dropped from the analysis.

Thirty-three of the 174 observations for non-irrigated

uheat shoued problems. Deleting those observations

raised the mean yield from 35.3 bushels to 38.9 bushels

2
per acre, and the R from 0.62 to 0.69. The F value

also increased from 6,22 to 6.66.

Removing the problem yields from irrigated uheat

yields shoued more improvement over the original model.

Nine yields uere removed from the 42 original irrigated

2
yields. This increased the R from 0.65 to 0.80 and the

probability of a greater F value from 0.30 to 0.10,

The probability of a greater F value for the variable

series in the revised model uas 0.56, so series differences

were still not determined for irrigated uheat. Appendix C

lists the yields uhich uere removed from the analysis

for uhea!: and irrigated uheat.

Increasing Yield Trends

Data from the Kansas Crop and Livestock Reporting

Service (35) shou that yields have increased during

the study period for all major crops in the state. The

trends on experiment stations uere evaluated by regressing

uheat, grain sorghum and soybean yields against time.

Graph 4 plots the regression line for non-irrigated
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GRAPH 4

REGRESSION OF STATEWIDE

NON-IRRIGATED WHEAT YIELDS

Least-squares equation uhere Y^yield and X=last tuo
digits of year:

Y - -41.53 + 1 .16X
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wheat yields from all locations across the state.

The probability of a greater F value was only 1

2 2
in 13,000, but the R value uas quite low. A lou R

would be expected when obtaining yields from such a

wide variety of locations and soils. Yields from each

location of each series were regressed against tine to

measure the trends of individual series. Graph 5 shows

the least squares trend line for wheat on the Grundy

series.

Regression equations were calculated for all series

having a probability of a greater F value of less than

0.10 for the model. These equations and their standard

errors appear in Table 17. To test for curvilinear

trends in wheat yields the stepwise regression procedure

2
searched for higher R values using exponents on the

variable year in the model. No curvilinear trends were

2
found as the linear models had higher R values for

each series and for the state as a whole.

Statewide trends for grain sorghum are illustrated

in Graph 5. As the first equation in Table 18 illustrates,

a linear equation explains the variation very pocrly

for statewide grain sorghum yields. Other equations in

Table 18 show poor results for grain sorghum yields on

individual series as well. Only the two series listed

in Table 18 had significant regression equations, both

2
with very low R values.

To try to explain more of the variation the step-

wise regression technique pic<ed the best variables
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GRAPH 5

REGRESSION OF GRUNDY SERIES

NON-IRRIGATED UHEAT YIELDS

Least-squares equation where Y=yield and X-last tuo
digits of year:

Y = -66.76 + 1.71X
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TABLE 17

UHEAT REGRESSION EQUATIONS

Y = Yield in bushels per acre X = Last tuo digits of
year

Statewide

Y = -41 .53 + 1 .16X
9.88 0.15 (Standard Errors)

Probability of a greater F = 0.0001

2
R 0.26 Observations 174

Grundy

Y = -66.76 + 1 .71X
18.91 0.28

Probability of a greater F =

R^ = 0.69 Observations -

0.0001

18

Crete (flanka to)

Y = -77.50 + 1 .75X
30.39 0.47

Probability of a greater F

Observations

0.0021

17R = 0.48

Harney (flinneo IsQ^

Y = -71 .23 + 1 .50X
27.80 0.43

Probability of a greater F = 0.0023

2
R = 0.39 Observations = 21

Keith (Colby)

Y = -86.06 + 1 .72X
37.64 0.56

Probability of a greater F = 0.0092

2
R = 0.45 Observations = 14
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Carwile

Y = -111 .94 + 2.27X
44.17 0.73

Probability of a greater F

R = 0.55 Observations =

0.0141

10

Clark-Qst

Y = -26.82 + 0.99X
26.12 0.40

Probability of a greater F - 0.0248

2
R = 0.25 Observations = 20

Harney (Hays)

Y = -80.14 + 1 .60X
51,79 0.73

Probability of a greater F = 0.0500

2
R = 0.28 Observations = 14

Crete (Belleville)

Y = -15.82 + 0.87X
30.28 0.46

Probability of a greater F

2
R 0.18

0.0801

Observations - 18

Smolan

Y = -95.12 + 1 .91

X

62.22 0.92

Probability of a greater F - 0.0918

2
R = 0.46 Observations - 7
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GRAPH 6

REGRESSION OF STATEWIDE
NON-IRRIGATED GRAIN SORGHUM YIELDS

Least-squares equation uhere Y

digits, of year:
= Yield and X = last tuo

Y = -18.60 + 1 .19X
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TABLE 18

GRAIN SORGHUN LINEAR REGRESSION EQUATIONS

Y = Yield in bushels per acre X = Last tuo digits cf year

Stateuide

Y = -18.60 + 1 .19X
23.68 0.35

Probability of a greater F =

Observations =

0.0009

160R - 0.07

Keith (Colby)

Y = -38.74 + 1 .45X
40.83 0.61

Probability of a greater F - 0.0286

R
2

= 0.22 Observations = 22

Harney (Minneala

)

Y = -=29.47 + 1 .22X
44.97 0.68

Probability of a greater F -

R « 0.14 Observations

0.0901

22

for curvilinear prediction equations. Graph 7 and the

first equation in Table 19 show the fit for stateuide

grain sorghum yields. Although an improvement on the

linear model, the equation uas useless for prediction.

The shaded squares in Graph 7 are yields from the Parsons,

Pouhattan and Ottawa stations. These stations receive

more rainfall than other stations and have the highest

grain sorghum yield means, as illustrated in Table 3.
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GRAPH 7

CURVILINEAR TREND OF STATEWIDE

GRAIN SORGHUM YIELDS

Least-squares equation uhere Y = Yield and X ~ Last two
digits of year:

Y = -86319.64 + 5184. 24X - 116. 43X
2

+ 1.16X
3

- 4.32x10~
3
X*

Equation anplies to years 1955-1974.
For 1975-1977, Y 70.

Shaded squares indicate yields from the Parsons, Pouhattan
or Ottawa stations.
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TABLE 19

GRAIN SORGHUM CURVILINEAR REGRESSION EQUATIONS

Y = Yield in bushels per acre X = Last two digits of year

Stateuide

Y = -86319.64 + 5184. 24X ~ 116. 43X
2

+ 1.16X
3

2013.65 46.09 0.47
0.0043X'
0.0017

Equation applies to years 1955-1974
For 1975-1977, Y = 70.

Probability of a greater F = 0.0001

R = 0.22 Observations = 160

Crete (Sellevi 11 ej_

Y -2349.18 + 71 .96X
29.01

0.53X'
0.22

Probability of a greater F -~ 0.0517

2
R = 0.45

Kei th (Colby)-

Observations = 13

Y = -990,81 + 30.62X - 0.22X
12.84 0.10

Probability of a greater F = 0.0098

FT = 0.39 Observations = 22

Only four of the shaded yields fall belou the least-

squares line-, indicating much of the variation may be

due to yield differences among soil series. Curvilinear

trends in individual soil series, also listed in Table

19, shou a slight improvement on the Keith equation

2
and a sizeable increase in the R of the Crete. The

Harney series at flinneola was described best by a linear

trend.



77

The pooled soybean yields from across the state

failed to shou a significant linear or curvilinear

trend. The best fit obtained uas a linear relation-

ship uith 0,80 probability of a greater F value and

2
an extremely low R of 0.0009. The yields uere divided

into series to see if statewide yields uere hiding

trends in individual series yields. The tuo series

uith significant trends and their equations can be

found in Table 20.

Neither of the equations in Table 20 is useful,

however. The first shows soybean yields decreasing on

the uioodson series. The trend for the Keith series

2leveled off and had a high R , but uas based on only

six observations. All other series failed to shou any

trends in soybean yields. Small sample sizes may be

responsible for the failure to shou any trends in soybean

yields. Both grain sorghum and uheat had well over tuice

the sample size of soybeans.

Additionally, Or. Cecil D. Nickell, soybean breeder

at Kansas State University, stated in a personal inter-

view that soybean yields uere highly dependent on the

amount of water supplied to the plants. The large

year to year fluctuations in yields therefore mask

any small yield increases over time.

The leveling out of
:
grain sorghum yields may be

possible if, as stated earlier, feu improvements in

grain sorghum production have occurred since 1955.

Kansas Crop and Livestock Reporting Service (K.C.L.R.S.)
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TABLE 20

SOYBEAN REGRESSION EQUATIONS

Y = Yield in bushels per acre X = Last tuo digits of year

Uoodson

Y = 71.70 - 1.48x10~
6
X
4

6.7x10~
?

Probability of a greater F

R^ = 0.35 Observations ~

0.0548

11

Keith (Colby)

Y - 28706.02 - 919. 70X + 0.23X
269.50 0.07

3
0.002X'
0.0005

Probability of a greater F = 0.0341

R = 0.98 Observations ~ 6

data indicate a substantial increase in grain sorghum

yields during the period, however. Assuming linear

trends, its statewide grain sorghum farm yields has

increased 1.46 bushels per acre per year. This study

of experiment stations gave a 1.2 bushel increase.

The average farm yields approach experiment station

yields in the tuo equations, This may result from the

time lag in farmers applying technology used by experiment

station personnel. This time lag has shortened consider-

ably during the study period, as has the difference in

management applied. Table 21 compares the equations for

linear trends in wheat and grain sorghum in this study

and in yearly state averages of farm yields estimated
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TABLE 21

COMPARISON UITH K.C.L.R.5. TRENDS

Y = Yield in bushels per acre X = Last tuio digits of year

Wheat

My Equation

Y = -41 .53 + 1 .16X
9.88 0.15

Probability of a greater F = 0.0001

R
2

= 0.25

K.C.L.R.S. Equation

Y = -15.59 + 0.63X
8.90 0.13

Probability of a greater F = 0.0001

R
2 = 0.51

Grain Sor ahum

My Equation (Linear)

Y =-- -18.60 + 1 .19X
23.68 0.35

Probability of a greater F = 0.0009

R
2

= 0.07

*« c_»ir-»E «.
.Sj.....Eg."_g t .JLg_n.

Y - -54.87 + 1 .46X
17.83 0.27

Probability of a greater F - 0.0001

R
2

= 0.58
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by the K.C.L.R.S,

Uheat yields in the two trends are diverging,

Yields from experiment stations are rising nearly twice

as fast as farm yields, The estimated 1.2 bushel per

year increase in experiment station yields may be larger

than the actual increase, influenced by a small sample

size and increased yields in the north-eastern corner

of the state. Increased use of nitrogen fertilizer

during the study period produced dramatic yield increases

at Manhattan, Powhattan and Hankato, Elsewhere dramatic

yield increases from nitrogen fertilization were not

observed,. Since that is where the majority of uheat is

grown the K.C.L.R.S. yields would have been less affected

by the yield increases in the north-eastern section of

the state. Trends from individual stations also showed

that the average bushel per acre per year yield decreased

0.07 for every additional observation from the station.

Therefore larger sample sizes may have lowered the

1.2 bushel increase.

Yield Trends in Minor Crops

Many of the crops which failed to show series yield

differences revealed trends uhen yields were pooled

for all experiment stations and fields. Table 22

gives the equations for winter barley, irrigated uheat,

and other crops for uhich information uas collected.

Corn, irrigated grain sorghum, irrigated uinter barley,

and irrigated forage sorghum failed to show any
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TABLE 22

YIELD TRENDS IN MINOR CROPS

Y = Yield in bushels per acre X = Last two digits of year

U inte r Barl ey

+ 1 .04x1
-7

Y = 16.50 + 1 ,04x10~
6
X
4

3.7x10

Probability of a greater F 0.0069

2
R = 0.10 Observations = 73

Irrig ated Uheat

Y = -38.76 + 1 .33X
0.38

Probability of a greater F = 0.0012

2
R = 0.23 Observations = 42

Irriga ted Soybeans

Y - -573.64 + 17.76X - 0.13X
2

8.58 0.06

Probability of a greater F 0.0269

2
R 0.13 Observations = 55

Irrigated Corn

Y = -720.38 + 23.49X - 0.16X
2

12.43 0.09

Probability of a greater F = 0,0003

2
R - 0.20 Observations = 76

Soring Oats——TW—~1 < | > » l
-* | 1 I HI . II I ! I Ill

Y = -16.36 + 0.94X
0.42

Probability of a greater F = 0.0262

?
R~ a 0.07 Observations = 71
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Table 22, Cant

2j2£ii?iLJL!l£L§X

Y = -62.71 + 1 .45X
0.47

Probability of a greater F ~

R = 0.23

Forage Sorghum

Observations ~

0.0043

34

(Tons/Acre) -1797.23 + 70.41X - 0.77X
2

+ 2.64x10" 5
X
4

32.13 0.37 1 .42x10

Probability of a greater F = 0.0001

2
R 0.35 Observations = 56

Irrigated Corn Silage

Y
(Tons/Acre)

IsA=14.12+4,3x10 X

1.8x10~
7

Probability of a greater F - 0.0254

R == 0.16 Observations = 31

significant trends.

Real Estate Sales Analysis

The taxable value of Kansas agricultural land is

theoretically assessed by raarket value. Lie rnust assume

that the sale price of land used purely for agricultural

purposes reflects the potential productivity of the soil

if Kansas is to follow soma other states in adopting

use-value taxation.
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I regressed soil and non~3oil components of real

estabe sales data against sal e price per acre to te3t

this assumption. Multiple regression analysis uas chosen

because of its advantages over single factor analysis

in real estate studies (16).

The variables used to predict sale price per acr3

included: total acres in the tract, full improvements,

partial improvements, miles to toum, bordering hard-

surface road, wheat yield estimate, grain sorghum yield

estimate, year sold, Geary County tract, Morris County

tract, Chase County tract, percent cropland, Capability

Class 4 and Capability Class 5.

The final model is:

Y = -115.42 + 85.91X
4Q

+ 7.13X
51

+ 62.48X +

1.40X 8Q
- 54.41X

9Q

Variable
Prob. of a

Std. Error Greater F

40

51

'60

80

'90

Sale price per acre

Bordering hardsurface road 36,03 0.0209

Grain sorghum yield est. 2,25 0.0026

Year sold 26.47 0.0221

Percent cropland 0.44 0.0027

Capability Class 4 26.46 0.0449

Model 0.0001

R = 0.59
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As the above figures show, ell variables are

significant at the 10% level. The positive value of

hardsurface roads over gravel roads is understandable,

but the value of $85,91 per acre seems quite large.

Houever, in a similar multiple factor analysis of Morris,

Chase, Pottauatomie, Uabaunsee and Lyon Counties for

1957 and 1958 (16), the ratio of the value of hard-

surface over gravel roads per acre to sale price per

acre ranged from 0.26 to 0.37. The $85.91, uhen divided

by the average sale price per acre of $375,45, results

in a ratio of only 0,23 for this study. So, although

the buyers probably did not consider a bordering hard-

surface road uorth $85.91 an acre, this large value is

not relatively as high as those obtained in the past.

Hardsurface roads may be closely correlated with distance

to town and bottomlands, increasing the value of

hardsurface roads in the model beyond their actual value.

A $7.13 increase occurs for each additional bushel

of grain sorghum* Plotting the estimated grain sorghum

and wheat yields against price per acre results in a

probability of a greater F value of 0.0001 for both crops.

Therefore, as predictors of sale price uhen taken by

themselves, each crop has a definite correlation with

sale price. In the multiple regression equation, houever,

wheat fares much poorer as a predictor, and is dropped

from the model, probably because of correlation uith

grain sorghum yields, capability class ratings, and

percent cropland.
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The variable for date of sale showed a B62.48

increase per acre from 1975 to 1976. This increase does

not seem out of line uhen compared to past increases

in land values (41 )

.

The $1.40 increase for each additional percent of

cropland is uithin reason, assuming cropland is of higher

value than grassland. Having more management limitations,

Class 4 being worth 554.41 less than Class 3 also seems

plausible .



CHAPTER IV
CONCLUSIONS
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The results of the real estate sale analysis support

the theory that market price reflects soil productivity

for agricultural land. Several shortcomings of the model

must be considered when interpreting the results of

the analysis, however.

First of all, only 57 real estate sales uere

available for analysis in the four-county area. This

totaled 17,217 acres out of a total of over 1,594,000

acres, or slightly over \% of the study area.

Some of the variables supplied by the Society of

Farm Managers and Rural Appraisers can be considered

little more than estimates for the tracts. Improvements,

for example, were lumped together into three classes,

and uere evaluated independently by different society

members.

The estimated crop yields for the 71 soil mapping

units listed in Appendix D also contain many assumptions.

Tn8 original soil survey yields are only estimates made

by federal, state, and county officials. From these

estimates, the assumption that crop yields are directly

related to cash rent must be made. The study area includes

two large and growing cities as well as three large

reservoirs, which may have removed seme of the sales

from strictly agricultural use.

Time also limits the interpretation of the results.

The sale data were collected for 1975 and 1975. The
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trend of $61.84 increase per acre per year can not be

applied to other years or areas, as economic factors

controlling purchasing decisions change.

The study also failed to include many factors uhich

influence the price a purchaser is willing to pay.

Seldin (50) lists other factors influencing sale price

as: facilities (mail delivery, telephone, electricity,

etc.), schools, churches, community (makeup and growth),

zoning, recreation, health services, taxes, easements,

rental rates in the locality, topography, drainage,

and conservation measures taken and needed.

No attempt was made to assess the sale tract's

distance from a buyer's home or base of operation, or

whether the buyer uas even a farmer. Today macro-economic

factors such as income, foreign markets and inflation

cause lawyers, doctors, and Arabs to frequent land

auctions as well.

Each real estate sale is unique in itself with a

different set of assets and liabilities, known and

unknown, to each potential buyer. A myriad of the above

factors and others, such as the low price of a sale

to a son or son-in-law, make this study a general one.

Uhen two of the five factors determining sale price in

the model are directly related to soils, namely the

grain sorghum yield and Capability Class 4, one must

assume that soil productivity is considered by real

estate purchasers.

Use-value taxation is based on the above theory.
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Rural land is assessed by the use value and urban land

by market value. Then use value and market value must

be closely correlated for agricultural land to obtain

equitable assessment.

Analyzing the productivity of the state's soil

series shouad that series located on experiment stations

and fields had different yield potentials, Most of the

differences occurred between the series located in the

northern and eastern portions of the state when compared

with series, located elseuhere B The Grundy series, for

example, yielded so much more than most series located

elsewhere that significant differences occurred. Series

located in more uniform parent material and climate

in other portions of the state naturally showed fewer

yield differences among themselves.

The increasing trend for wheat may be slightly high

at 1.2 bushels per acre per year, but the linear trends

in both individual series and statewide yields adds

credibility to the equations. The leveling off of grain-

sorghum yields is harder to explain, but may be influenced

by the lack of advancements in its breeding and oroduction

during the study period. Soybeans probably failed to

show trends in yields because of small sample size. The

ability to show series differences was limited by the

smaller area of the state which grows non-irrigated

soybeans. In a smaller area there are fewer soil

differences. The three crops above and winter barley

were the only crops to show series yield differences
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because they are most adapted to Kansas' s soils and

climate and therefore also had larger sample sizes.

Many of the differences in series yields may be

reasoned auay by changes in rainfall and temperature

rather than soils. This study attempted to measure yields

grown on soil _i_n situ . Any soil removed from its climate

ceases to be the original soil. The two models uhich

tried to remove effects of variables other than soils

were hampered by small sample sizes and generalized data.

In short, I believe the greatest shortcoming of the

study uas the lack of yields from known soil series to

analyze. The missing observations collected in Appendix B

suggest that not enough information uas available, and that

perhaps requiring tracts of 9U% of one soil series and

only variety and performance data uas too limiting in

obtaining yields. Having only one yearly yield created

too much variability about the trend line to project

yield estimates for series with any degree o
e confidence.

The high ,

r values indicate that trends and differences

2
exist, but the low R values limit their quantification.

It seems odd that ue in agriculture in Kansas have

studied and quantified nearly every facet of the state's

agriculture except uhat its soil series will produce.

It is hoped that this study uill lay the groundwork

for additional research to estimate and quantify the

productivity of Kansas soils.
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APPENDIX A

CRITERIA FOR S.C.S. MANAGEMENT LEVELS (36)

The average system or A level of management consists of:

1) Use of recommended - crop varieties,

2) Proper seeding rates, date::, methods of planting and

harvesting,

3) Some use of weed-, disease-, and insect-control

practices.

4) Use of starter fertilizer.

The improved system or B level of management includes

the practices listed above for the average level plus:

1) A well planned fertility program that provides for

the optimum use of fertilizer and lime required to

obtain the best crop yields.

2) Use of such soil- and water-conserving practices

as terraces, contour farming, and grassed yaterways.

3) Maximum use of crop residue to aid in control of

soil blowing and water erosion, to increase water

intake, and to enhance seeding emergence.

4) Use of surface drainage where needed to remove excess

water,

5) Use of a well-planned cropping system that fits the

operator's needs and maintains the soil in good

physical condition.

6) Timely tillage operations.

7) Full and timely use of weed, disease, and insect

control practices.
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YIELD DATA FROM EXPERIMENT STATIONS AND FIELDS
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Alfalfa (Tons/Acre)

Series Crete Crete CI ark-Ost F arnum

Station

Year

1972

Belleville Mankato Hut chinson St . Oohn

• 2.6

1971 • 2.9

1970 • 3.1

1969 • 4.0

1968 • 2.0

1967 2,,4 4.8 •

1966 3.2 •

1965 4, » i 2.7 •

1964 2,,5 1.3 •

1963 5 (,0 • 2.4

1962 5,,5 3.5 2.9

1961 5,,3 3.3 3.4

1960 3.4 2.7 3,,8

1959 2.2 2.9 4,,0

1958 4.3 • 5,,7
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Alfalfa Irrigated Alfalfa Irrigated Spring

LL2Hp/A9 *Lf-l «^_-1X°D£ZA££5J _ _ _jajrley_

Series

Station

Year

1976

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

ladysrnith

Newton

3,5

4.4

4.3

5.4

2.1

3.3

Farnum

St. 3ohn

Keith

Colby

53

41

27

47

48

49

47

62

45

34

38

40
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Series

Station

Year

1977

1975

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1952

1961

1960

1959

1958

1957

1956

1955

Appendix B, Cont.

Spring Barlev

Crete Keith Ulysses Crete

Belleville Colby Garden City Mankato

50

•

39

37

48

•

50

•

28

9

66

25

39 . 23

15 . 23

42

43

40

60

31

32

49

•

39

36

4

7

4

43

23

•

33 9
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Series

Station

Year

1976

1975

1974

1973

1972.

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

1961

1960

1959

1958

1957

1956

1955

Appendix B, Cont.

Ujnt e r _E arlsjy

Crete Crete Ulysses-
Colby

telleville Hankato Garden City

66

6

46

70

18

36

•

36

27

7

21

76

13

44

66

•

6

21

49

Keith

Colby

42

24

43

•

73

46

35

29

4

6

30

•

31

50

•

40
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Appendix B, Cont.

Uinter Barlev

Series

Station

Year

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

1961

1960

1959

1958

1957

1956

1955

Keith Clark-Ost Harney

Garden City Hutchinson Minneola

30

44

27

48

51

68

46

44

14

52

52

31

42

61

49

64

41

51

24

29

5

60

15

•

30

56

23

15

37

Smolan

Manhattan

56

73
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Appendix B, C o n t

Winter Barley

Series

Station

Year

1975

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

1961

1960

1959

1958

1957

Ladysmith Caruile

Newton St. Oohn

50

37

27

32

71

44

45

20

35

62

63

44

Lily sses-
Richfield

Garden City

Irr._ Winter 3a rley

Keith

Colby

46

41

53

38

88

73

. 65

75

58

42

54

30

51

51

28
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Appendix B, Cont.

Series

Station

Year

1977

1975

1975

1974

1973

1972

1971

1970

1969

1963

1967

1966

1965

1964

1963

1962

1961

1960

1959

1958

1957

Uoodson

Ottawa

83

54

68

14

103

Corn

Parsons Grundy

Parsons Pouhattan

83

48

94

101

56

80

51

92

84

17

155

153

49

45

91

120

78

65

102

73

102

•

124

93

105

67

58

Richfield

Tribune

44

28
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Appendix B , Cont.

Corn

Series

Station

Year

1977

1976

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

1961

1960

1959

1958

Keith Kahola Crete Keith

Colby Manhattan Belleville Colby

76 132 76

60 145 178

• • 143

• 121 •

13 156 85

• 151 151

• 132 172

• 125 133

• 134 160

• • 151

* 165 171

• 146 157

• 149 135

• 131 102

• 121 125

• 149 150

• 110 91

• 149 115

100

112
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Series

Station

Year

1976

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

1961

1960

1959

1958

1957

1956

1955

Appendix B , C o n t

.

Irr igated Corn

Keith Ulysses Carwile Naron

Garden City Garden City St. John St. John

152

167

153

154

134

•

132

132

113

113

153

131

•

103

122

72

74

88

153

165

165

127
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Seria3

Station

Year

1977

1976

1975

1974

1973

1972

1971

1970

1969

196B

1967

1966

1965

1964

1963

1962

1961

1960

1959

Appendix B, Cont.

Irrigated Corn

Eudora Eudora Ulysses

Topeka Manhattan Tribune

Irrigated
Corn Silage^

137

154

149

153

120

115

110

192

161

128

•

160

124

151

159

156

158

128

126

130

148

141

Crete

Belleville

30

26

25

21

24

17

21

20
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Series

Station

Year

1976

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

1951

1960

1959

1958

1957

1956

Appendix B, Cont.

Irrigated Cor n Silage

Keith Keith Ulysses- Ulysses
Richfield

Colby Garden City Garden City Garden City

27.9

25.8

24.5

0.0

22.3

24.4

16.5

18.2

21.1

21 .2

28

27

23

22

22

15

26.5

30.9

25.8

26.0

26.7

22.7

24.2

24.2

.

15.1
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Series

Station

Year

1977

1976

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

1961

1960

1959

1958

1957

1956

1955

Appendix 8, Cont,

Forage Sorghum (Tons/Acre)

Keith Keith Ulysses- Ulysses
Colby-

Colby Garden City Garden City Garden City

18.5

10.9

12.0

9.0

15.5

19.9

14.2

11 .9

8.7

11 .3

7.3

.

5.2

16

11

26

13

11

14

14

7

14
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Series

Station

Year

1976

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

1961

1960

1959

1958

1957

1956

1955

Appendix B, Cont,

Fo rage Sor qhuoi (Tons/Acre)

Caruile Harney Clark-Ost Ivan

St. Oohn Hays Hutchinson Manhattan

13

8.5

16.8

17.6

15.2

11.6

16.0

12.6

17.0

19.5

15.5

21 .6

21 .9

18.2

5.8

7.4

8.0

13.5

2.7

1.8

23



112

Series

Station

Year

1976

1975

1965

1964

1963

1962

1961

1960

1959

1958

Appendix B , Cont.

Irrigated
Fo rage Sorq hum Foraoe So rqhum

Reading Parsons Crete

Manhattan Parsons Sellaville

15.7

21

Keith

Colby

25.5

22.1

28.3 .

34.1 23.2

29.6 27.4

30.2 .

22.5 22.2

19.4 23.7

24.2 22.0

23.3 6.1
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Series

Station

Year

1976

1975

1974

1973

1972

1971

1970

1969

1968

196 7

1966

1965

1964

1963

1962

1961

1960

1959

Appendix B, Cont.

Irrigat e d Fo r age Sorghum (Ton s/Acre^

Keith Ulysses Ulysses

Garden City Garden City Tribune

40.4

27.0

28.1

•

0.0

31.8

26.1

26.2

25.3

25.9

14.9

21

29

27

33

29

17



Appendix B, Cont,

Grain Sorghum

114

Series Crete Crs3te Crete Keith

Station

Year

1977

Belleville Ha}fS Mankato Colby

96 • 62

1976 27 48 • 54

1975 31 40 • 66

1974 64 • 65

1973 60 63 76

1972 71 • 76

1971 39 • 71

1970 29 • 60

1969 103 • 59

1968 112 102 25

1967 82 50 67

1966 • < • 99

1965 • < • •

1964 • < • 44

1963 • 1 9 59

1962 98 70 75

1961 • 70

1960 84 76 48

1959 • <
78 58

1958 64 102 69

1957 43 57 25

1956 5

1955 15 23



Appendix B, Cont.

Series

Station

Year

1977

1976

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

1961

1960

1959

1958

1957

1955

1955

Grain Sorghum

Keith Ulysses Harney

Garden City Garden City Hays

43

41

82

82

•

88

49

54

53

53

52

62

54

92

52

•

68

20

44

95

36

33

Harney

Plinneola

27

41

46

79

64

80

62

68

47

49

66

52

38

54

68

87

52

38

39

35

11

29



Appendix B, Cont.
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Grain Sorqhum

Series Clark-Ost Parsons Grundy Uoodson

S t a t i o n

Year

1976

Hutchinson Parsons Pouhattan Ottawa

33 123 97 •

1975 81 84 59 •

1974 73 57 51 73

1973 34 79 124 138

1972 50 84 117

1971 50 121 73

1970 23 47 93

1969 45 99 97

1968 49 93 115

1957 67 • 102

1966 100 51 116

1965 57 119

1964 31 94

1963 77 97

1962 71 113

1961 80 84

1960 66 •

1959 82 •

1958 82 •

1957 66 83

1956 8 •

1955 •
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Appendix B, Cont.

Series

Station

Year

1975

1974

1973

1972

Grain Sorghum

Butler Kenoma Richfield Ladysmith

Belleville Ottawa Tribune Neuton

34 49

17

69

79

Seri BS Caruile Farnum

Stat

Year

1967

ion St. John St. John

• 73

1966 • •

1965 • 57

1964 •

196Q 49

1956 27
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Series

Station

Year

1977

1976

1975

1974

1973

1972

1971

1970

1969

1963

1967

1966

1965

1964

1963

1962

1961

1960

1959

1958

1957

1956

Appendix B, Cont,

I r rig a t e d^_ G r a i n^^S o r ghum

Crete Keith Keith Caruile

lelleville Colby Garden City St, Oohn

63

127

108 •

126 •

137 131

143 133

126 •

141 131

71 124

87 •

133 128

100 123

• 126

117 107 120

123 83 122

89 127

131 • 125

116 100 114

1C37 102 •

102

94
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Appendix B, Cont.

Irriaated Grain Sorqhum

Series

Station

Year

1976

1975

1974

1973

1972

1971

1970

1959

1968

1967

1966

1965

1964

1963

1962

1961

Naron

St. John

101

Ulysses

Tribune

125

84

43

97

140

120

135

138

135

100

101

106

128

132

116

79

Irrigated
Spr ing Oa ts

Keith

Colby

72

71

42

54

35

72

55

62

136

57

62
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Series

Station

Year

1977

1976

1975

1974

1973

1972

1971

1970

1969

1968

1957

1966

1965

1964

1963

1962

1961

1960

1959

1958

1957

1956

1955

Appendix 3, Cent,

zLPSJLDS a^ 3

Crete Keith Ulysses Clark-Ost

Belleville Colby Garden City Hutchinson

54

•

57

42

59

•

63

39

9 . 27

96

32

47

*

30

•

18 34

58

•

57

• • •

41 15

61

41

64

6

15

42

30

20

16

39

•

15
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Series

Station

Year

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

1961

1960

1959

1958

1957

1956

1955

Apnenciix B, Cont,

J?il£j- n9 Oat 8

Kahola Smolan Crete

Manhattan Manhattan Mankato

41

52

73

»

51

67

•

49

•

58

54

55

48

50

47

•

38

32

6C

65

78

86

40

57

•

17

Grundy

Pouhattan

70

44

50

•

46

73

70

36

51

50

42

53

36

•

63

65

32

68

63
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Appendix 3 , Cont,

U inter Oats

Series Crete Ulysses Clark-Gst

Station Belleville Colby Hutchinson

1974 • e 63

1973 . . 80

1972 . , 97

1971 . . 30

1970 . • 49

1969 , . 42

1968 . .

1967 . * 34

1966 . . 26

1965 . .

1964 . . 60

1963 . . 18

1962 . 74

1961 12 . 71

1960 .

1959 . . 89

1958 . 60

1957 . • 39

1955 . . 31

1955 . .

Caruile

St. John

54
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Series

Station

Year

1972

1971

1970

1969

Aooondix 0, Cont.

Rye

Crete Keith

J--
T .^igg^ted Ry

o

Keith Ulysses-
Richfield

Belleville Garden City Garden City Garden City

24

34

•

30

21

66

56

40

34

1966 24

Series

Station

Year

1973

1972

1971

1970

1969

1968

1967

1966

1965

_ Soybeans

Clark-Ost Ladysmith

Hutchinson Meutan

29

18

9

20

22

•

30

21

Tablsr

St. 3ohn

48

Kenoma

Ottawa

43



Appendix S, Cont.
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Soy b e a rrs

Series Crete Crete Grundy Woodson

Station

Year

1977

Belleville flankato Pouhattan Ottaua

42 • 27

1976 13 • 7

1975 6 31 23

1974 27 28 30

1973 • 17 41 28

1972 • 57 •

1971 16 13 20 52

1970 10 9 39 22

1969 38 34 36 51

1968 29 12 48 50

1967 24 23 34 33

1966 • • 43 34

1965 26 10 43

1964 8 4 28

1963 30 29 38

1962 33 23 •

1961 • 31

1960 14 41

1959 • 31

1958 • 37

1957 • 25
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Appendix B , Cant.

Soybeans

Keith

Colby

: rriqjn . b 8 a n s

Series

Station

Year

1977

C

Bell

rete

evil] a

K

C

eith

olby

Illy

Ric
Gard

8883—
hfield
en City

43

1976 • 48

1975 • 52 41

1974 36 32

1973 45 46

1972 • 38

1971 • 49

197G • 38

1969 • 50

1968 10 30

1967 21 • 42

1966 20 38 44

1965 21 27 32

196 4 15 44 36

1963 52 42

1962 55 40 49

1961 25 34 53

1960 40 36 44

1959 44 33

1958 • 4
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Series

Station

Year

1977

1976

1975

1974

1973

1972

1971

1970

Series

Staticn

Year

1977

1976

1975

1974

1973

1972

1971

1970

1969

1966

1965

Appendix S, C ont

•

Piuir Naron Eudora

Manhattan St# 3ohn Tcpeka

Kenoma

Ottawa

44

41

44

54

44

35

79

43

Irrigated Soybeans Irrigated Sugarbaets (T/A )

Ulysses Eudora Keith

Garden City Manhattan Colby

44

45

40

40

52

49

•

52

54

56

66

60

33.6

23.1

19.8

27.8
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Series

Station

Year

1977

1976

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

1961

1960

1959

1958

1957

1956

1955

Appendix B , Corit.

Wheat

Caruile Clark-Ost Crete

St. John Hutchinson Belleville

43

21

56

41 54

46

44

54 65

46

36

45 75

47 29 32

16

37 43 38

38 43

21 32 39

17 36 32

41 48 38

24 39 24

19 44 42

24 38 45

33 21

12 27 34

17 3 26

Crete

Hays

46

34

40

22

43

33

45

•

42



Appendix 3, Cont»
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Wheat

Series Crete Farnum Grundy Harney

Station

Year

1977

[*! a n k a t o St. Oohn Powhatta

n

Hays

• • 53

1976 • • 53

1975 • 53 52

1974 • 61 37

1973 61 57 44

1972 40 62 28

1971 63 48 71 38

1970 40 53 45

1969 41 49 43 30

1968 47 57 30

1957 13 38 24

1966 • 38

1965 21 44 36

1964 30 45 23

1963 36 41

1962 27 •

1961 46 40

1960 33 40

1959 24 29

1958 33 33

1957 • 32

1956 13 12 •

19 55 18 • •



Appendix B, Cont
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Series Harney Keith

Station

Year

1977

Fiinneola Colby

• 43

1976 • 51

1975 48 38

1974 34 39

1973 35 •

1972 45 39

1971 43 •

1970 29 50

1969 37 •

1968 10

1967 29 36

1966 3 24

1965 48 •

1964 24 20

1963 16 •

1962 29 26

1961 37 •

1960 30 37

1959 6 r

1958 21 •

1957

1956 15 9

1955 11 •

iJheat

Keith Smolan

Colby Garden City Manhattan

49

45

43

•

31

47

41

29

•

30

30

41

22
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Series

Station

Year

1975

Appendix 8
S
Cent.

Uheat

Kahola Ladysmith Cauker

Manhattan Newton Hays

33

Uymore

Manhattan

1973 45

1971 54

1968 43

Series

Station

Year

1965

Ulysses

Colby

Ulysses

Garden City

28

1956

1955 32

24

31
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Appendix 3, Cont.

Series

Station

Year

1977

1975

1975

1974

1973

19 72

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

1961

1960

1959

1958

Wheat

Uoodson

Ottaua

39

44

•

44

46

41

52

29

42

41

Ir
;

jat

Keith Ulyssas- Ulysses
Richfield

Colby Garden City Tribune

54

60

47

50

66

38

52

66

63

36

54

60

61

41

45

49

14

42

37

47

79

55

57

58

34

58

57

24

52

34

33

61

59

57

53

67

40

82

54

46

57

53



APPENDIX C

UHEAT YIELDS HAVING INSECT, DISEASE

OR WEATHER PROBLEMS

Non-irrioated wheat

122

Clark-Os 1955, 1965, 1967

Crete
(Belleville)

Crete
(Hays)

Crete
(flankato)

Harney
(Hays)

Harney
(ninneola)

Keith
(Colby)

Keith
(Garden City)

Smolan

1957, 1960, 1976

1974

1956
v 1959, 1962, 1965

1964, 1965, 1974

1955, 1959, 1965, 1967, 1961

1957, 1962, 1968

1962, 1966

1966, 1959

Uoodson 1970, 1977

Ulysses
(Colby)

Ladysmith

1965

1975

Irrigated uheat

Keith
(Colby)

Ulysses-Richfield
(Garden City)

Ulysses
(Tribune)

1961, 1968, 1972

1962, 1963, 1965, 1968

1968, 1971
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APPENDIX D

HAPPING UNITS AN l YIELD ESTIMATES FOR
RILEY, GEARY, MORRIS, AND CHASE COUNTIES

"lapping Unit and Slope '

' h a a t
Grain Capabil

'

S o r g h tj m

Alluvial and Reading

Benfield— Florence complex
5-20#

Breaks-Alluvial land complex

Chase silty clay loam

Cline-Scgn complex
C _ O o c>

Crete silty clay loam
0-1%

Crete silty clay loam
4-8%

Crete soils, severely eroded

Duight silty clay loam

Duight silt loam
1-3%

Duight—Iruin complex
1-4%

Duight-Iruin complex
1-456, eroded

Farnum fine sandy loam
0-1*6

Florence cherty clay loam

Florence-Labette complex
2-12%

Florence-Hatfield cherty silt loams

Geary silt loam
1-4*

Hastings silty clay loam
0-1%

Hastings silty clay loam
1-4%

Haynie very fine sandy loam

Humbarger clay loam and loam

I ruin silty clay loam

31 47 5

31 47 6

31 47 6

52 94 2

31 47 6

55 83 2

52 78 3

45 68 4

45 68 4

31 43 4

33 62 3

36 43 3

31 47 4

31 47 6

31 47 6

s 31 47 6

42 63 3

52 78 1

52 78 2

47 57 1

55 67 1

45 63 3
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Appendix D, Cont.

Mapping Unit and Slope Wheat

I ruin silty clay loam
3-5%

Iruin silty clay loam
1-456, eroded

Iruin silty clay loam
4-8%

Iruin silty clay loam
4-8%, eroded

Iruin soils
1-356, eroded

Iruin soils
3—5%, eroded

Ivan silty clay loam

Ivan and Kennebec silt loams

Kahoia silt loam

Kipson—Sogn complex
3-15%

Labette-Duight complex
1-3 C^I .J/O

Labette—Sogn complex
2-8%

Ladysmith silty clay loam
0-1%

Ladysmith silty clay loam
1-4%

Ladysmith silty clay loam
1-3%

Ladysmith silty clay loam
0-2%

Ladysmith silty clay loam
1-2%, eroded

Mason and Reading silt loams
0-1%

Grain Capability
5 o r q h u m Class

Mayberry clay loam
2-6%

Muir silty clay loam

Olpe-Smolan complex

Osage silty clay

42 60 3

40 61 4

45 66 3

39 59 4

39 54 3

35 49 4

41 59 2

43 77 2

60 110 1

31 47 6

38 56 3

31 47 6

50 68 2

46 67 3

50 63 3

45 63 3

35 55 3

57 101 1

46 72 3

40 65 3

31 47 5

42 70 3
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Appendix Q, Cont.

tapping Unit and Slopa Uheat Grain Capability
Sor gh um C_lass_

Reading silt loam
0-1%

Reading silt loam
1-3%

Shellabarger sandy loam

Shellabarger sandy loam
8-20%

Smolan silty clay loam
4-8%, eroded

Sogn rocky clay loam

Sogn complex

Stony steep land

Sutphen silty clay

Tully silty clay loam

Tully silty clay loam
4-3%

Tully silty clay loam
8-20%

Tully soils
severely eroded

Tully silty ciav loam
3-7%

Tully silty clay loam
3-7%, eroded

Tully silty clay loam
4-8%, eroded

Tully soils
5-15%

'Jymore silty clay loam
0-1%

Uymore silty clay loam
1-4%

Uyrnore silty clay loam
1-4%, eroded

Uymore silty clay loam
4-8%

53 103 1

53 90 2

41 62 4

31 47 6

40 72 3

31 47 7

31 47 6

40 68 7

40 68 3

45 73 2

44 68 3

31 47 6

38 58 4

d4 72 2

37 63 3

40 66 3

31 47 5

50 84 2

43 73 2

42 70 3

44 72 3
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Appendix D, Cont,

Happing Unit and Slope Wheat

Uymore silty clay loam
4-8%, eroded

Zaar silty clay
3-7^

Zaar-Duight

38

44

44

Grain Capability

64 3

68

58
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Knowledge of the productivity of soils is necessary

for farmers, extension personnel, and land investors.

Some states, such as Ioua and Illinois, incorporate

soil productivity information into their property

assessment systems.

The purpose of this study uas to collect and

analyze yields from soil series across Kansas to estimate

physical productivity for major crops. Real estate sale

data from four counties in East-Central Kansas uere

analyzed to determine the effect of soil productivity

on sale price.

Both soil and non-soil components of the sale tracts

uere regressed against sale price per acre for 57 sales

uithin the study area. The study showed that hardsurface

roads, date of sale, percent cropland, capability class,

and adjusted grain sorghum yields from the Soil Conservation

Service soil surveys had the greatest influence on sale

price.

Yields uere collected from 16 Kansas Agricultural

Experiment Stations and Fields across the state to

estimate the productivity of the state's soil series.

Only yields from performance and variety tests were

collected for the period 1955 through 1977. Differences

in soil series yield potential uiere found by analyzing

the differences betueen the means and between individual

yearly yields on each series. Regression equations uere

fitted against the yields of each crop on each series to

check for increasing trends in yields. The effects on



yialds of weather, management practices and disease uere

removed From the model to observe the B f fe c t of soils.

The study showed the soil series to have different

yield potentials with the highest values occurring in

the northeast where the: yields uere significantly

different from all other soils.

Since 1955 yields slowly have increased in the variety

and performance tests. Non-irrigated wheat yields

increased linearly uith a statewide average increase of

almost 1.2 bushels per acre per year. Individual soil

series yields showed a similar trend.

Non-irrigated grain sorghum yields showed less

uniform change during the study period. Statewide,

grain sorghum yields changed curvilinearly , increasing

little over the last 15 years. Both linear and curvi-

linear trends can be observed in individual soil series

grain sorghum yields.

The trend in increasing yields on individual series

was not as noticeable for grain sorghum as for wheat, and

no trends could be found for soybeans. Having only one

yearly yield for each soil series greatly limited the

ability to predict yields with accuracy, as weather,

disease and other factors affecting the small test plots

increased the variability about the trend line.

Additional yield information must be collected in

order to assign specific potential yield figures to

individual soil series in the state.




