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CHAPTER I

INTRODUCTION

Juglans nigra , American black walnut, is the most valuable

tree species in Kansas. Kansas is one of the top states in the

nation for total walnut growing stock volume and growth potential.

It is the second ranking state in domestic walnut veneer log

production.

Black walnut is common in the eastern one-third of the

United States (Fig. 1). The range extends northward to southern

Minnesota, Wisconsin, and Michigan including the southern half

of New York to the Atlantic coast. It reaches southward to

northern Florida and westward to eastern Texas. The Mississippi

Valley and Delta regions are excluded, but it does well in the

Appalachians and the Midwest.

The natural growing range of black walnut extends over most

of the eastern one-third of Kansas. This area contains 851 of

the 1,564,000 acres of natural woodlands in the state, and receives

the most rainfall. In the western one-half, the black walnut is

generally restricted to the streams, river terraces, and drainage

areas where moisture is sufficient for growth (stricler 1973)

.



Figure 1. Natural Range of American black walnut Juglans nigra.

(Reprinted from U.S.D.A. Silvics of Forest Trees in

United States. Handbook No. 271.)



Principally the stands are elm-ash-cottonwood (bottomland

type), which accounts for about one-half of the acreage. The

upland forest type is oak-hickory and is usually younger than the

other major type.

Kansas is estimated to have about 60 million cubic feet of

black walnut. About 120 million board feet are sawtimber logs

and 62% of these are of grades 1 and 2. Black walnut has been

one of the heaviest cut species in Kansas, leaving about 40% as

poletimber. Poletimber stands provide an excellent opportunity

for stand improvement techniques.

Interest in planting black walnut is on the rise, since the

value of the crop is increasing and establishment of successful

plantations are feasible.

Site selection is an important criterion in growing black

walnut. The soil has to be of good quality to yield maximum growth

and quality logs. Characteristics such as drainage, sufficient

fertility, thick surface horizon of silt- loam or loam, and neutral

pH must be present to obtain a fast growing, high quality crop.

Best sites can be found on floodplains and terraces or protected

coves, but naturally, black walnut can be found on a wide variety

of conditions. The poorer sites usually do not yield a high

quality log. These would include upland sites with high clay

content in the B horizon, and tops of ridges and slopes with

shallow soils.

The average farm has many potential sites for growing black



walnut that are too small to be productive for crops. These

include edges of streams and small coves that could yield valuable

logs, and provide other benefits to the landowner. Knowledge of

the potential of these sites would be of great benefit to urge

the landowner to invest his time and money into the production of

black walnut.

•



CHAPTER II

LITERATURE REVIEW

With increasing demands for timber products, foresters are

searching for ways to increase productivity. To achieve this they

have a way to evaluate site quality. The direct estiamte of site

index is the most widely used methods. And because it is widely

used, more information has been developed for this method than

for any other.

With the appropriate site index curves for a particular

area, one can judge (somewhat accurately) the type of growth to

expect from a particular species of tree for that type of site.

An example of direct estimate site index curves is a graph showing

the height- age relationship as shown in Figure 2.

After a site index graph has been constructed for an area

and species, sites can be evaluated by knowing the height and

age of dominant trees. The two values are found on the graph

and the point of intersection lies on the value of the site

index curve. Site index curves are usually based on average

stand height at 50 years of age.

The main disadvantage of site index curves are that they do
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Figure 2. Site Index Curves for J. nigra by Kellogg (unpublished

manuscript covered by Brinkman 1966)
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not apply to all sites. Knowledge of the site index for one area

may not apply to another (Jones 1969) . Site index curves must be

worked out for each species and area to be evaluated.

Other factors that affect direct site index estimation are

these:

1) Stand density can influence tree height.

2) Most site index curves are based upon dominant-codominant

trees, while curves based on dominant trees alone yield

a better site index.

3) A very large sample is needed to avoid error.

4) Tree growth varies over the life span of a tree.

5) Genetically superior trees are utilized, thus not giving

a true representation of stand potential.

Making a site index curve is usually time consuming and

laborious. In the standard method of making site index curves,

trees are bored and a ring count made to determine age. Total

height of several dominant-codominant trees are plotted over average

age in several stands. Site index curves are calculated from the

regression of total height over age. Stem analysis, another method

of direct estimation, is accomplished by felling the tree, taking

a section out of the tree at fixed distances up the trunk, and graphing

a series of height over age coordinates, thus producing the tree

curves (the stand must be as old as the index age of 50 years) for

many different sites.

An alternative approach is indirect estimation of site index,

in which there are: vegetational , synecological coordinates, mensur-

ational, and environmental classifications.



Vegetational or Plant Indicator : This consists of classifying the

area by surveying the vegetation and usually recording climax vegeta-

tion. Much work has been done in this area but with little useful

knowledge obtained for the forester (Jones 1969).

The Scandinavian countries worked out forest habitat as compared

with climax-ground vegetation, soil profile, stand structure, and

secondary succession. From growth studies, yield predictions were

made (Jones 1969)

.

This method seemed to work well in boreal forests, but is hard

to apply in an area such as the United States. The main reasons

for difficulty are:

1) The geologic material, soil, and topography are sufficiently

different in the U.S. that they should be used as evaluation

criteria.

2) On similar type of soils, the tree growth alone can affect

the under story vegetation.

3) Trees have deeper root systems and are affected by deeper

soil characteristics.

4) Stand density influences the climax vegetation.

5) Key plants used in evaluation are not visible during dormant

seasons

.

Synecological Coordinates : Bakuzis (1959) developed a system in

Minnesota using vegetation. First, plants were rated according to

their needs for light, moisture, heat, and nutrients. Then the site

was rated by the presence of the plants . A graph was developed from

the data showing the relationship of light, moisture, heat, and

nutrients to the need of the species of tree.
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Mensurational Methods : Some limited success has been achieved

with the volume growth of diameter, and aerial photographs. But

this is used when other methods (Carmean 1975) can not be applied.

Environmental Aspect : This is subdivided into the holistic

approach, using the whole environment for evaluation, or the

factorial approach using one limiting factor as the key to a

successful apprasrial of the site.

Soil-site evaluation is usually considered to be a factorial

approach but this is true only to a certain point. The soil is

a medium through which outside properties can act to affect the

quality and quantity of growing space and conditions for roots.

The type, structure, and properties of the soil regulate the

growth, but many factors influence the soil.

Root growth is primarily determined by loil moisture and

aeration which is governed by the soil texture and percent organic

matter (Coile 1952) . Greater depths of uniform small root distri-

bution is achieved as the coarseness increases in the soil. In

some cases stoniness will yield better growth.

Some studies of the silt-plus-clay content of the A and B

horizons have shown that there is decreased growth when the silt-

plus-clay increases past a certain percent (Stoeckler 1948)

.

Plasticity has been used as an evaluation guide, with about the

same success (Auten 1945b) . This is not surprising since plasticity

is influenced by the clay content of the soil.
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Other characteristics that have shown good correlations have

been internal drainage, compactness when moist, color, depth to

mottles, permeability, and thickness of A horizon (Coile 1952).

The texture of the soil influences these characteristics, but

texture alone gives poor correlations to the site index since

soils of the same textural class can have different internal

drainage, aeration, consistency, and structural characteristics.

Topography has to be observed when evaluation a site because

in influences moisture availability and movement (Auten 1945a)

.

Lower sites will have greater potential for moisture than the ridge

tops and sides. Slope will also affect the depth of the soil to

bedrock. The sides of ridges usually contain shallow soils with

greater depths at the bottom of the slope due to accumulation by

erosion sediments. Depth to bedrock has a high correlation to

site index (Auten 1937) . Greater productivity has been found with

lesser slopes and greater depth to bedrock.

Soil fertility and acidity has been found to be the least

influential of the soil properties (Ralston 1964) . There has

been no one nutrient found to be a limiting factor. In some cases,

increased productivity has been observed with potassium, sodium,

and nitrogen. But usually there is little correlation between

fertility and site index.

Many biological factors that affect tree growth have to be

included with other errors in evaluation (Carmean 1975) . These

may be improper stand density, competing vegetation, genetic variations,
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insects, and diseases. Improper stand density is probably the

most limiting factor, with weeds and undesirable species robbing

nutrients and, less importantly, water.

Soil- site evaluation methods have yielded high correlations

with the site index. Soil characteristics that limit soil moisture

and aeration correlate the best. The amount of clay in a soil is

in every case a useful evaluation factor. Percent clay will influence

the plasticity, cohesion, porosity, infiltration, permeability, and

storage capacity of the soil.

In Kansas, most of the rain comes during the early part of the

growing season, with little stored soil water accumulated throughout

the winter. Even though water comes when the plant needs it the most,

there is not enough water for wasting to occur and, therefore, good

infiltration and storage of the water is critical for good growth.

Depth to a restricting layer such as a claypan or fragipan

or a dense heavy layer governs the effective thickness of the soil

(Ralston 1964). As the soil becomes shallower, the yield decreases.

Recording the depth and strength of this layer could easily be

done in the field and would provide useful information.

Baker and Broadfoot (1976) developed an extensive soil-site

method for cottonwood applicable throughout the lower Mississippi

River Valley. They evaluated physical condition, available moisture,

nutrient availability, and aeration of the soil. A percentage was

given to what each contributed to the maxumum growth at the age of

30. These four major factors were broken down into minor factors
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categorized by their level of contribution to the major factor.

To evaluate a site, the factors were measured and the percentage

of maximum growth was determined.

The study reported in this thesis is concerned with the soil-

site approach. Consideration will be given to the total environment

to classify the material that is collected for the soil characteristics,



CHAPTER III

OBJECTIVES OF THE STUDY

The objective of this study was to find the physical soil

characteristics and topographic variables that affect black walnut

tree growth in northeast Kansas. The usefulness of these variables

will be evaluated by devising an acceptable mathematical expression

to find a predicted site index for the study area. This predicted

site index will be compared to the observed site index obtained

from the conventional height-over-age site index curves from Kellogg.

Variables that are easy to measure and do not require

highly trained personal to interpret them will be given special

consideration. A method that could reasonably estimate the site

index of a site with no trees present, and be used in the field

by non- specialized personnel would be of great value to the field

forester and potential tree farmer.

13



CHAPTER IV

METHODS OF INVESTIGATION

Location and Description of Sites

All sites were in the northeastern corner of the state of

Kansas. Counties included were Pottawatomie, Riley, Geary,

Marshall, Nemaha, Shawnee, Jefferson, Douglas, and Wyandotte (Fig.

3).

Sites were selected and marked by W. A. Geyer (Personal

communication) in the computation of his direct estimate site

index curves for eastern Kansas. The sites were selected for their

presence of black walnut growing in a natural stand. At each site

dominant trees were bored with an increment bore at stump height

(about 1/2 ft) to determine their age. These trees were selected

to avoid open grown trees, trees with broken tops, or trees

that had been suppressed by other trees. They were then marked

with tree paint and numbered for later identification. Total

height of each tree was then recorded for determination of

site index of the site using Kellogg 's site index curves for

black walnut in the Midwest (Fig. 2).

14
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Of the sites that were marked, 48 were selected for the soil-

site study. A base age of 50 years is the ideal age for trees

because that is the base age for the Kellogg site index curves,

but we used trees from age 11 to 111 due to time and location of

plots. The sites were selected to cover a range of site index

values. Values from 41 to 82 were included (Table I).

Field Observations

Each site was visited and the soil profile was exposed. A

pit was dug, 12' or so from the walnut trees, to a depth of 3 to

5' depending on natural barriers such as rock. If a natural expo-

sure was present it was utilized.

The horizons were then identified to a depth of 5' by the

standards given in the Soil Survey Manual (1951 U.S.D.A. Handbook

No. 18). If horizons were not present, intervals of 1' were used.

Thickness of each horizon was measured to the nearest inch. Texture,

structure, boundary, thickness, and rock content for each horizon

or 1' interval was recorded (see Fig. 4 for form).

The texture was determined by the "Feel Method" and later by

laboratory techniques (Foth et al 1976) . The structure and boundary

were classed according to standards in the Soil Survey Manual.

Rock content was visually observed and given a percentage for each

horizon.

The depth of the restricting layer was then determined by

measuring how deeply the small roots of the trees penetrated, and
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Table I. Site Indexes and Tree Ages for 48 sites,

County Stop No. Site Index
(Kellogg)

Avg. Tree Age

Pottawatomie 2 67 21

ii
5 59 48

M 6 52 36

H
7 65 40

ti 8 51 34

it 9 61 32

tt 10 49 63

it 12 45 60

ii 13 61 90

it 15(1) 48 51

ti 15(2) 48 51

M 16 40 37

M 17 60 39

it 18 58 37

it 19 63 26

n 20 48 19

H 21 49 47

ti 22 70 60

Riley 1 49 48

n 3 61 29

ii 4 62 29
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Riley 5 70 26

it 6 67 ' 27

it
7 65 101

ii 8 70 46

Geary 1 43 53

H 3 41 62

ii 4 54 53

ii 5 63 110

n 7 48 11

Marshall 2 58 58

ii 3 75 49

n 4 50 42

ii 6 59 62

n 7 82 57

it 8 80 40

ii 9 62 98

Nemaha 1 62 46

Shawnee 1 75 59

Jefferson 1 79 20

ii 5,6 60 78

n 7 47 32

ii 8 60 27

Douglas 8 82 34

M 9 58 54

ii 11 67 86
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Wyandotte 3 67 86

» 4 65 HI
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Figure 4. Field observation sheet.
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testing the strength of each layer by the penetration of a knife

blade. The restricting layer was often indicated by resistance

to shovel penetration while digging the pit. If there was no

restricting layer or the small roots were throughout the profile,

the depth was recorded as 5
'

.

The source of the soil parent material was recorded and a

visual description of the topography was made.

Samples of every horizon or foot interval were collected and

labeled for laboratory analysis. A lqt. plastic freezer bag was

filled with soil for every sample. Naturally occurring clods were

then taken for bulk density analysis for the A horizon and the

restricting layer, if present. Clods of about 30 gr each were

stored in plastic bags for transportation and to prevent drying.

The pit was then closed and restored to as natural a condition

as possible.

Laboratory Procedures

Bulk density was determined by the paraffin-clod technique

(Blake 1965) . A naturally occurring clod of about 30 gr was brushed

to remove any loose material and examined for holes, roots, or stones,

If any were found the clod was discarded. A thread was tied around

the clod and the clod was weighed.

Paraffin in a beaker was heated in a water bath to about 59* C,

enough to just melt the paraffin. The clod was dipped momentarily

in the paraffin several times. The coating was checked for holes
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and air bubbles. Bubbles were broken and the clod redipped if

necewsary. The clod was then weighed with the paraffin coating

and then suspended from the balance and weighed in water. The

water content was determined by oven drying a separate sample from

the same horizon. The bulk density was then calculated as shown

in Appendix A.

The texture of each sample was determined by the Bouyoucos

Hydrometer procedure (Foth et al 1976) . In this procedure a 50 gr

sample of soil (100 gr for coarse textures) was placed in a Soil-Test

baffled stirring cup. The cup was half filled with distilled water,

5 ml of 1 N sodium hexametaphosphate was added, and placed on a mixer

for about 5 min or until all the aggregates were broken down.

The contents of the cup were quantitatively transferred into

a Soil-Test special hydrometer jar and was filled with distilled

water to the lower mark of 1130 ml (if 100 gr was used, it was

filled to the upper mark of 1205 ml) . The suspension was shaken

horizontally to avoid creating circular currents. It was left

undisturbed for 20 sec, the ASTM Soil Committee hydrometer was

inserted, and at 40 sec the first reading was made. The suspension

was then left for 2 hrs and the second reading made. The temperature

was recorded before the first reading and after the second. A

correction factor of 0.2 was added to the hydrometer reading for

every degree above or below 67° F. for each reading.

The amount of sand was determined by subtracting the first

corrected reading from the original 50 gr sample (the hydrometer
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reads grams of soil in suspension) . The % sand was obtained by

multiplying the amount by 2. The second corrected reading multi-

plied by 2 yielded the I clay. Percent silt is the percentage

remaining from 1001. Sample calculations are in Appendix B.

The pH of every sample was determined by using a Coleman Portable

pH meter. A 2 to 1 mixture of soil and distilled water was placed

in a paper cup, stirred every 5 min for a total of 30 min. The pH

was then immediately read after the last stirring. The value was

rounded to the nearest tenth of a pH unit.

Statistical Analysis

The correlation between the single variables and the site index

was made by graphing the variables against the site index. This

was done for the variables determined in the field.

Multiple regression using the SAS 76(5) program by Barr,

Goodnight, Sail, and Helwig (1976) was used for 3 approaches. First,

all the quantitive variables were entered into the computer and

several multiple regressions were run to obtain the best fit of the

variables to site index. Stepwise and backwards regressions were

used to find the best variables.

The qualitative variables, SSOIL, TOP, nad SURVEG, could not

be used in the regression model. They were later used as a means

for sorting the sites with the best fitting variables to obtain

a final prediction equation.

Second, the sites were separated by SSOIL and a regression
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was run to obtain the best variables for each (categories 3 (loess)

and 4 (glacial) were entered as 2 (colluvium-residuum) for this

procedure) . The best variables were used with the SSOIL to obtain

a prediction equation for each source.

Third, the easy to measure variables were picked and, through

trial and error testing, the best prediction equation was formed.

The following are the variable names generated for the SAS computer

runs.

Description of Variables Tested

DRL- Depth to restricting layer in inches was taken in the field;

the procedure was described under field observations.

BDRL- Bulk density of the restricting layer was determined in the

lab for 2 samples. The value tested was the average of the 2 samples.

TA- Thickness of the A horizon was determined in the field to the

nearest inch. This was the thickness of all A horizons excluding

and A3 horizons (these were considered to be zones of transition)

.

BDA- Bulk density of the Al horizon was determined by laboratory

procedures for 2 samples. Value used was an average of the 2 samples.

SSOIL- Source of soil was the classification of the soil at the

site as 1 of 4 types as listed in Table II.

TOP- Topography was placed in one of the categories listed in
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Table II. Categories used in qualitative variables,

SOURCE OF SOIL

1 alluvium

2 colluvium-residiuum

3 loess

4 glacial

TOPOGRAPHY

1 unproductive dry

2 gentle- rolling terrain (upland)

3 upper 1/3, top of slope, or ridge

4 intermittent stream and upland cove

5 flat lst terrace (alluvial bottoms)

6 unproductive wet

7 stripmine

8 middle 1/3 slope

9 lower 1/3 slope
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Table II using the description of the site in the field notes.

PCSLOPE- Percent slope was determined in the field by the Blume-

Leiss Altimeter.

SURVEG- Surface vegetation was one of two categories; l=Duff

composed of forest litter and grown vegetation, and 2=Grass with

grass predominantly covering the ground.

ESD- Effective soil depth (Steinbrenner 1965) was calculated for

each profile, effective depth being the depth of soil minus rock

content. First, the thickness of each horizon or 1 ft. increment

was multiplied by the percent rock of that horizon. Then the inches

of rock was subtracted from the thickness of that horizon or 1 ft.

increment. The effective soil depth was the total of new values

of thickness for each horizon or 1 ft. increment for the total 5'

profile

.

Ex. Al horizon with 60% rock content 8" thick

8 x .60 = 4.8 8 - 4.8 = 3.2 in. for ESD

ESDRL- Effective soil depth to restricting layer was computed to

the depth of the restricting layer if less than 5 '

.

WHCP- Available water-holding capacity (AWC) was given in inches

of water per inch of soil for every profile. This was accomplished

by building a chart (Fig. 5) to estimate the AWC for each textural

class. This chart is a combination of charts by O.W. Bidwell (1977),

Salter and Williams (1965), and Franzmeirer, Whiteside, and Erickson

(1960)

.
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Figure 5. Textural triangle with estimated available water holding

capacity in inches of water per inch of soil. Adapted

from Bidwell (1977) , Salter and Williams (1965) , and

Franzmeirer, Whiteside, and Erickson (1960).
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None of these charts had specific values for each textural class.

So a complete chart was made using Franzmeirer, Whiteside, and Erickson

values in Michigan (they seemed the most precise) filled in by values

contained in the other charts. Values not listed in the 3 charts

were estimated by studying the trends of all 3 charts.

The AWC value for each horizon or 1 ft increment was determined

by multiplying the new thickness value for each horizon or 1 ft

increment by the value given in the chart for the texture of that

horizon or 1 ft increment. The WHCP is the total of the AWC values

of all horizons or 1 ft increments in the profile.

WHCRL- The same procedure as in WHCP was followed but the total

was stopped at the depth of the restricting layer if less than 5'.

PHA1- This was the pH value to the nearest tenth pH unit for the

top A horizon in the profile.

PHB2- This was the pH value to the nearest tenth pH unit for the

B2 horizon. If the horizon was subdivided into a B21 and B22, the

value for the B22 was used.

PHC- This was the pH value to the nearest tenth pH unit for the

C horizon in the profile.

LOWPH- The lowest pH value in each profile.

HIGHPH- The highest pH value in each profile.



SCB2- The % silt and % clay were added together for the B2 or

B22 horizon in each profile.

SCA1- The % silt and % clay were added together for the top A

horizon in each profile.

PCCB2- Percent clay of the B2 or B22 horizon in each profile.

RATIO- This is the SCB2 value for 1 profile divided by the TA

value for that profile.

PCCA1- Percent clay of the top A horizon in each profile.

ASP- The aspect for each site was given as a 0-360° compass

reading. This is the angle in a clockwise direction that the slope

faced from north. For level ground the value was 0.

29



CHAPTER V

RESULTS AND DISCUSSION

The strongest correlation between a single variable and site

index was the thickness of the A horizon (Fig. 6). The correlation

between the other single variables and site index was low. This

was determined by graphing the variables against site index.

The backwards elimination procedure proved to be the most

useful. It started with all the variables entered and used them

to predict site index; it then proceeded to eliminate them one by-

one by removing the least significant variable with the highest

PROB>F (which stands for the lowest alpha level) and re-evaluating

the remaining variables. This procedure kept eliminating variables

until all that remained were significant at the 5% level. The best

fitting variables were determined by myself by selecting the group

with the highest R- square and the lowest mean square which is the

sum of the difference between the observed values and the predicted

values all squared.

The stepwise procedure started with no variables . It then added

the most significant variable with the lowest PROB>F and determined

the R- square for that one variable. It then looked for the next

variable that would be significant given the firstvariable . If a

30
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variable was entered and found not to be significant by 5% given

the previous variables, it was removed. The stepwise regression

proved to be ineffective because it worked with such a low R-square

(since one variable explained such a low percent of the model state-

ment) .

The variable, bulk density of the restricting layer (BDRL) , had

to be omitted since not all profiles contained a restricting layer

and because the PROB>F was high. The stepwise and backward regres-

sion were run with this variable entered, but 14 cards were thrown

out due to no value.

With the best variables obtained (Table III) the qualitative varia-

bles were entered in as classes to the model statement. The print

out contained the predicted values for every site and the 90% confi-

dence limits for each. Four data cards were eliminated from the

deck for they contained some error to make the residual deviate more

than twice the standard deviation.

Two were for trees at the extreme age limits for acceptability,

one at 111 years and the other at 11. At these ages the possibility

for the site index curves to be inaccurate are greater than if the

tree was close to the base age of 50. The other two cards were for

sites that had very high site index values. At the higher values

on the end of the curve, an error in sampling would influence the

prediction equation to deviate the curve more to compensate for the

error than if it was located along the middle of the curve.

With the removal of the four cards the stepwise and backward
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multiple regressions were rerun. The same set of variables in the

previous analysis plus 2 more (BDA nad PHB2) came out to be more

significant. The mean square for error dropped from 50.46 to 25.71

and the R-square increased from .64 to .80 (comparison of Table III

to Table IV) . Eleven variables out of the 20 tested were used in

this procedure.

With the 11 quantitative variables, the qualitative variables

were examined. This was done by trial and error. All possible

combinations of the three variables were run through using them

to sort the quantitative variables. If the PROB>F was large, this

indicated that the variable was not needed given the other variables,

The final regression is shown in Table V; topography was the

only qualitative variable needed, the other variables came from

the best backward regression. The R-square of .88 explains that

88% of the variation in site index is explained by the model.

The prediction equation can be obtained from Table VI. The topo-

graphy of each site must be rated into one of the categories. The

equation follows:

SI= Intercept (11.77916362) + TOP (times the value given

for particular catagory) + TA (1.47156889) + BDA

(12.26464736) + ESD (0.47027600) + WHCRL (4.19399357)

+ WHCP (-2.35752520) + PHA1 (10.52300802) + PHB2 (-3.

23247513) + PHC (6.82039023) + HIGHPH (-9.88148137) +

PCCB2 (-0.48367093) + ESDRL (-1.00747451)

This equation had a 90% confidence interval of about 17 units
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(Table VII). The highest residual was -7.2, with 20 of the 44

predictions having a residual of less than 2.0; the standard

deviation was 4.2.

To improve the equation, another approach was tried. All

the sites were sorted by SSOIL and a backwards and stepwise was

run on each soil source yielding a set of variables for each soil

type. Since the loess category had only one site and the glacial

had 2 sites, they were reclassified into the colluvium-residuum

category putting all the sites in 2 categories.

The best variables for each soil source were then used with

the source of soil as the only class to form a prediction equation

for each (Tables VIII, IX, X, XI, XII, XIII). The equations are

used in the same format as the first analysis; the predicted value

,is the total of the sum of the variables multiplied by the estimate

of each with the intercept added.

The regression of the soil variables of alluvial soils had an

R-square of .94 using 12 variables. It was the biggest value for

any procedure tried. The 90% confidence interval was about 14, and

the mean square for error was 11.44. The largest residual was

4.36 with 13 out of 21 predictions being less than 2.0 units in

deviation. The regression of the best variables of colluvium-

residuum soils were not as good, the R-square being .86 and the 90%

confidence interval of about 19 units.

An ideal method would involve variables that could easily be

measured by the field forester with no laboratory work required.
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With this in mind a third approach was tried, with the variables

picked according to their ease of measurement. They were: SSOIL,

TOP, SURVEG, ESDRL, TA, PCSLOPE, PHA1, and ASP. The variables were

entered in the model using the qualitative variables as classes.

After many runs with different combination of variables, it

was found that TOP was used as the class and TA and PCSLOPE as the

other variables (Tables XIV, XV, XVI) . The same 4 cards as in the

first procedure were dropped because of high residuals. This

approach had a R-square of .62 which seems low, but it must be

remembered that only 3 variables are used to explain 62% of the

model statement where in the best approach using soils as the class

and getting an R-square of .94, 11 variables had to be observed.

The 90% confidence interval of about 25 units would eliminate

this equation from being used in the field for this spread is too

great to be used on black walnut. There were 5 predictions that

had a residual greater than 10 units, and an error of this type

could cost the producer greatly. For reliable use of an equation

of this type, you should have a 901 confidence interval of no more

than about 10 units. This would yield estimated site indexes that

could be used for the management practices. So far no one has

developed such a method for estimation. This study using the

approach of classification by alluvial soils came close to this mark.

As found in this study, it would be best to use different

approaches for different types of sites. If the site was of alluvial

source, it would be best to rate it using the prediction equation



48

UJ m LA
or r- 4]
<x CNJ r-

r> CO m
a 00 tNJ

v» o O
—< <0

z t-t vO

< t •

UJ o m
n r- *

ro

• 0» z rvj

> m < CO
t m UJ •-i

o f\l £ CO
t r-l

r-l i»* 03
—

«

U)
00
t

CO
m

ar

f«» -< r»-

(N o ~<
o o -oOOM
• t •

o o o

UJ HOO
r> ifl-0»0
~i » • •

< «* »t r-l

> f\l

9 a

to «n o> in

UJ <\J N in
CC o> m «*

< N. r» in
r) -4 <\j •*

O Ji a» n
10 f- •o *

N> r- m
IL • • t

o O ** <M
0> i* O

X in in T*

D OJ -^ *
t*

u.

UJ <N
a: O
< •*
r> <N
C7 CNJ

to <0

1 t

QT O

U. r-l > H
O UJ C^

A o
o

Q O

«o rr, C£ 4 Q in

f^ <* Q. o
o
•

<0

u> nj o r»-

1/1 »o nj m
r» «r f>

> »-* ro in
«H CO <\J c>

o> m ao
UJ CO <\J f»
Q. m o r»
>• t • t

r- m o >o«Mf\
o* o

t/i
U.
Q

\f\ -4 »H

UJ

co
< _i UJ ce

— < rs -J-

< O <
>

i

CO

> H
K Q li-

Z UJ
UJ H
Q UJ o
Z o _J Qt UJ

UJ or UJ a or
a ^ o 0£ or
UJ o o or oo O r UJ a

UJ
UJ o.

o o
or _j
o a. to
o a < o
«/> r- - O.



u. m «t <M N O f» Os c
o O vO o o o o 4- m

L'J 0iON>0OO rr\ —

<

0C 1- o cr> f- rg '-' -4" <»• O
o < 41 o>o m win m co

oc s: 1ft O CO (*| ^ U> ~o co
ec — OO>0Offlin in in
UJ H in o in «$• —• rn r\j o

U) • » » t • • # * •

O LJ -4" «4" ^ Ifl fO * o o

49

O0

-(HHIflNst
o >o o» O O lO

o o f- o o -*
o o «*• o o o
• ..,«•
o o o o o o

o -<

o *o

• •

o o

o >* -t <\J lf\ n •* r*. >t
•• tl r- o* N eo i»* in c» <-<

O QC • • • t • t • • •

X UJ r- »N o #\ fP» CM >f —t
h>

« UJ
O £
u. <

QC
»- <

o.

CO CO CO CO CO CQ CD

UJ ^fO'ONtHfnO'OO
t~ vOiN-OMinoooN
< 0>0»?>freo<\lOO> ?Nj

s: H^M>OrfOO>tO
M rO-OCINfONOC^N
H- ONMflriHONO
</> «>0'00(aO, ONO
UJ com<M-*eooo<\io

• #«•••••'
<trnfnc,>-*»HO«~'0
ff) tH *H *^ •—i

r\j m >} ir> oo c^

oj

UJ
X.

<
<
B.

a
UJ

a:
UJ
h- a.
z o

LJ
a.
a
-i
»/>

< a
- o.



50

o
N
o
a*

<
a

at o
a. z
3

m o r-
h- o o
in co —>

o> oo in
r>- nj r-
f\i in ct>

.-< >r in

n -^ m

mMno
>o «-< r* co
oo o^ n co
O (DM-*

m <• <o cm

(\iO>oomoi\coo-rin
t-i-tN^ftONNlfiO
H-JflOO

N <T Ci (M?fl (<1

r- o o (M ^ f*- t-*

cro^oooom-*
O (M >0 O <M

-j co

o o n r—

m r—

o r»

-« 00
co co

r- m
r-oo>'Hin<\iOh-r-<-»^om^',n ,-,eo^o co,r3or,-<r)cor~'33'Hir»oofNj
r-oir> >o>0'0>o^o^^or~^*^~^~^r^,>ococc>oor»cor»r»h-co'0^-

<
o o
>

oi -«
oj a

«* OCsJ ^fv|COC0O^flr0^N0>t
f^oo(\jo^^o(\j<o^i/\rvjvoa^

of*-ino> -«, fMo<\jc>mc''">>^—«

tnffi<too-1 c* -JHm ono
WNNOM^'OONOifl'Ofl

H^N t? *t «$ r- *o t^ «* co
^ooojir»r-io>o^Nt«trn

O-jrOsO^CNICNj^mr-
•»« CO >0 CO m
in f— c\j co m

o co m
in -* •}

*nrofornfnrOfOur\«t»J, 4'mir>in^ir>m«j-m(r><oir>vomm
h» «-t m CT"

-I motf\»j"!j>oo»t>o«f\mr^m(7> MOin O H iH H fO 0* 10 c* in m -o -4 Nf

< ^M^SO'O'OOOWP'flOlJ' CO f"l CT> * ^ ^ 5> ..r m o> o -o -o -t cm

3 fnpaiof^sj-tTfnfnvff^^f^fO O t-i >o co V c\j f\i in m C<"! ro r<"l •$• M 0^ CM

a mfnooo«o>>rcr»>r'0»or»- r\i r- r- I*" >o r*> f*« co c\j <*> r- cm f- m o t\j

t-4 eO^OiAOrO^fOCOva-HvOO^oO 085-I in f*- f«- r- o M> in co co fl -4" h» cr>

1/1 iftOOW^fnONNONHm IflO^ ^ -o (? c in ? CM fO o -* 00 O P»

UJ ONinonmoNNJO'^'O -TOO m* oonp m ^o ro m v> ^r n
c< «0Ninc\irftc\ic<">c\jmmm'»oeo O ^ so -t o <f -t f\J o> a- oo —i in * o <N

inin<o-«, MO'o-t-''0-r'<^ H fOM «\j m in o O <M (nciuMnmH ^
II 1 11^ l 1 1 -* i 1 1 -

Q moinvOCT«nj*yOinmr-.ino> cm omocr««-«»-ir»a* m a» in f*» CT> -O

UJ U> N -^ <M o rn o to * O 41 C> CJ> 03 h-Gom-*-*©** .t o» o m m m r»»

h- OJ >OfNimnj>J'Ororntnc\|f\j'Ofo nQ eoro-40<Ni\<ffO "Oflffl incoor*
1 )

-1 •4, POOONOf<*lC^«**omr^(*>h- cm CM?M<Mm^N.«4CM sO N. <N rvj -0 'O h-
*-* -J H-oin^ninciooflcoMoo a -^co<*, (Mi*-r~am -T 30 CO •O in r\4 o
Q <r ^OO^NOONPgifN'CO.-O .n OvOOfl^O^^t* f» !*> vo oo -^ r^ rsl

at > (flMf\(M|100MMnO!0>0 vT oiKi^inooNa1 •j- so m -toins
c*i«\jmr»fn^fO'M-4, -^">*,

f,*ioo Q ^^lOT'-t^NO* OM-4 * m a^ f*

*eoN(?NOs*ina3-tflin N o^r-^^ocooo*-* -o m n- o re o o
<0«*«J, -*inmvt ,Oinminoo •c if\>O>0 t^ ,0'ONiO N-O^ u> N m «o

Q
Ul
> OJ
0C D
UJ _l
uo <
CO >a

o o o o
o o o o
o o o o
o o o o
o o o o
o o o o
o o o o
o o o o

o o o o
o o o o
o o o o
O O O 3
o o o o
o o o o
o o o a
o o o o o o

o o
o o
o o
o o
o o
o o
o a
o o

o o
o o
o o
o o
o o
o o
o o
o o

a
a
"3

oo
o
a
o

or«^^ >j-oof>-o^inav mi-i--nor^oncomo»o<M(\jino> cor^-
s+^inifAO't'OO'OiP'O'O'OiO^^ooinMneovO'O'-Mfio



51

_J -to^oO'Ort-j'iflmo-j'O^H
U _l 0«Nirotof>-ir\r>-^r-m^-trg ,.r>roo
< (0(7i oooH(oif\co>tinai'Oow

** !D co CO —i-jOJ^M^MMhO^O
o o (NIP-O^OP-O-OcoocOP-o^rsip-rM
^ *-« nON>t'''Ov '*^N f>IO<>l,>fi-| 8
> ^.^.—irM^rMco —i oo in o o> <D n O

ae »- cMoootn^otNa^-t^o-^r-Ovi-^
UJ o • •?•!•«••**•***
a z OrtlAOOO^lfliriOflON^MtO
a »-• 00 >o >o o >o <o <) O O f* 'O f"" f" 'O

3

-J <\jr<">if*co<\iof"\jp-«tor-ro>or-»<'
O -J lAirvf0^vJ-r0r^00O00F-«O(NI«M>J*
< (JiON<J, ^a(7, ^^ , 0>-* f,1lN't

w r> •J* ^0 >t >^ r*> o —i»t^-^ir\trifOoo-<
o a M»4i0S^'inOC0!D'f ,tOON(0
Q% M4 ir>C0rr>;\jr\J'«">moc0CD-^"-«<Sitf\O
> •>$'000> -Oo"><M-*Oirvroinr\jir\f^

cC " ^fvjt-<'Oootr>com(M^-^fM-^«o«A
at o
3: ~z j)00>'t''<J'^'J NsONO»N«a>t
O - ifi^f0t*l<*ro<,0.l--4, ^«J'<J, "fr»*'*

-I
<
OO
•-*

oo
UJ

CC

f.[«.HOmnOHN <j
i m(Ocoo>

rr»coinooom>o>o-H-tcov3r~
NTlA>rtAfMir>0»C0a3

<j>o> o<Hcoco-ffOMir\MNrr
i

iOin
ir>focro>coHir\^ii>o |MNOin<i
mcomop-in^i-if*- —i o -~* *? •?

co

co o co in ro m
<o r>* r- r- -x —

<

rsj >$ h- ~* —> r-

III I I

Y
O P- (N lA —I tn

I I -• I

I

a (DSNC?C*ls-(*1O0*h-<frn00M>x
UJ hrtal^OCOWfl O ^ >t CO m M
H- UJ coi?tis('i>r<J, iniriin'Nir>o*H»<
O 3 JJN^MrflJflrijTiKfCO^OH
"• J (M^J-N-CO—lf\|(\ir07''0O?-< P- O
a < ^a-OOOCO^'tMNlftMNC1l^>t
UJ > infna>otD!t)in-j-toiNMO>tfpt

oC rOOONOO<MiT\'s- rOP-"xO-'mm
co<\it\i',*"',<^^-'20 rrii>ncoi/>»x^'0< o

Q ooooooooooooooo
UJ ooooooooooooooo
> UJ ooooooooooooooo
esc r> ooooooooooooooo
UJ -1 ooooooooooooooo
oo < ooooooooooooooo
CO > ooooooooooooooo
a ooooooooooooooo(••••••••••••t*

MMi-ioxincrcaoocow^OHrg
sOtr>iA>t'<}"-^^"^"<ou^'^'«4'>*"-o^o



52

by SSOIL since the R-square for the best quantitative variables

classed by SSOIL was .94 for alluvial soils. If the site was

anything but alluvial, it would be best to use topography to class

the site since the R-square is .88.

Only 4 variables came out significant in all approaches tested

(easy to measure approach omitted due to variables being hand

picked) they were: ESD, WHCP, PHC, and HIGHPH. The thickness of

A horizon (TA) came out significant in all approaches but for

alluvial soils. This is not surprising since most of the alluvial

soils have a very thick A horizon (no limiting factor) . Four

variables that were tested were never significant, they were: DRL,

BDRL, SURVEG, AND SCA1. In all 3 approaches at least half of the

variables changed significance as a different approach was tried.

While this study uses sites having natural growing trees, most

studies are done on plantations and areas where one can obtain many

sites on the same soil series. This study, then, is influenced by

considered as errors. I tried to get a handle on this natural

variation by classifying the sites by topography or source of soil.

One of the problems of classification by topography is that it

was extremely difficult to decide between classifications on many

occasions. The topography did not always fit exactly out defi-

nition or in many cases the topography would be changed by man's

influence. This was one of the reasons why the source of soil was

tried, it was easier to class the site as alluvial or other. It

would be questionable if this study is suitable for use in the field.
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Post and Curtis (1970) who estimated site index by soils and

topography, stated that their method would not be useful if the

standard deviation was 8.4 or above. The highest standard deviation

in this study was 4.47, but even with this range, the difference

in crop value for black walnut would be great. In another study

Phillips (1966) , for yellow-poplar, used soil and topography to

estimate site index. The highest R-square achieved was .67 for

7 variables.

Many soil-site evaluations (this study included) are made

with correlation of the predicted values obtained to some standard

observed value. It is believed that this method is not a reliable

source of an indicator for accuracy of the prediction (McQuilikin

1976) . A better method would involve testing the acquired prediction

equation on independent sites. Cases that have been tested this

way, have found to be completely unreliable for a site index predictor.

There are many, usually interrelated, variables to be observed

when dealing with a natural situation creating many problems when

attempting an estimation of the results of these variables observing

only a few of them. It may be possible that in the case of the soil-

site approach, the soil is not a limiting enough factor for use in

obtaining an extremely highly significant prediction equation. If

this is gound to be so , a new direction must be followed to find

the answer.



CHAPTER VI

SUMMARY AND CONCLUDING REMARKS

The direct estimate of site index that this study used as a

standard for comparision might be one of the largest errors in the

experiment. These site index curves are based on the tree age 50.

Younger stands of 30 years of less deviate from the curves because

of the stand-age soil-site interactions (Hannah 1971) . Tree growth

on loam soils might be very rapid at first and taper off later,

or on sandy soils tree growth would start slow and accelerate

with age.

Stand density has a great influence on tree height. Northeast

Kansas does not have large amounts of natural black walnut occurring

together. Instead the walnut trees occur in small patches scattered

throughout the woods. Care was taken in selecting the sites, but

it was not always possible to avoid low stand densities.

Sampling bias is a major possibility with harmonized site index

curves. Sampling is often distorted because of how the land was

originally cut. On poor sites, old trees remain and the good sites

contain very young stands (Beck and Trousdell 1973) . This is

evident in northeast Kansas.

54
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The second error in harmonized curves is the assumption that

there is a constant curve shape. The variance to site index can

change with time (or age) for a stand (Lloyd and Hafley 1977)

.

Polymorphic curves developed from the stem analysis approach

could yield entirely different site index values for the same

site (Beck and Trousdell 1973) . The problem with using this method

on black walnut is that the trees are too valuable to cut down

and section to obtain a polymorphic curve for the site. A study

of this type could be carried out during the logging of the black

walnut if the proper cooperation could be obtained between the

loggers and the researchers.

Another problem encountered in this study was the procedure

to determine bulk density. This procedure was selected because

abundant rocks in many of the profiles prevented other methods

from being used. The clod method did not yield the same values

when compared to values obtained by other methods. The values

on the average were two to three -tenths higher than what was expected,

but in relation to each other the values seemed to be consistent.

The higher values could have been the result of the inter-

clod spaces not being taken into account. Another reason could

be drying of the soils. Soils with a high clay content shrink

when drying, causing the air-dry volume to be less than the field-

moist sample.

This study is a very positive start towards soil-site evaluation

for northeast Kansas. The approach of separating the site by SSOIL



and obtaining a prediction equation for each type shows that this

could be done for topography with the collection of more sites.

You would need the same number of sites as the number of variables

tested in each classification for backwards and stepwise regresseion.

With the re-evaluation of the Kellogg site index curves by

new computer techniques, a stronger correlation might be obtained.

The completion of Dr. W. A. Geyer's site index curves for northeast

Kansas could improve the prediction equation further. Both these

improvements would still use the soil information collected in this

study.

This study showed some of the soil characteristics that had

a strong influence on the site index value of the site. It also

eliminated several variables from being tested any farther. It

was a strong step in the improvement of a soil-site evaluation

technique for northeast Kansas and with further work a field-working

method could be formed.

56



57

LITERATURE CITED

1. Auten, J. T. 1937. as reviewed in Coile, T. S. 1952. Soil

and the growth of forests. Pages 329-398. in A. G.

Norman, ids. Advances is Agronomy Vol. IV. Academic

Press, N.Y., N.Y.

2. Auten, J. T. 1945a. Some soil factors associated with site

quality for planted black locust and black walnut. Journal

of Forestry 43:592-598.

3. Auten, J. T. 1945b. Prediction of site index for yellow

poplar from soil and topography. J. of Forestry 43:662-668.

4. Baker, J. B. and W. M. Broadfoot. 1976. Soil requrements

and site selection for Aigeios poplar plantations.

328-343 pp. Proc. Symposium on easter cottonwood and

related species. Lousiana State Univ. Baton Rouge,

Louisiana.

5. Bakuzis, R. K. 1959. as reviewed in Post, B. W. and R. 0. Curtis,

1970. Estimation of Northern hardwood site index from soils

and topography in the green mountains of Vermont. Univ.

Vermont, Agr. Exp. Station Bull. 664. 16 pp.

6. Barr, A. J., J. H. Goodnight, J. P. Sail, and J. T. Helwig.

1976. A user's guide to SAS 76. Spars Press, Raleight,

N.C.

7. Beck, D. E. and K. B. Trousdell. 1973. Site index: Accu-

racy of prediction. U.S. Dep. Agr. Forest Service.

Research Paper SE-108. 7 pp.

8. Bidwell, 0. W. 1977. Interpetations for Intercollegiate

Soil Contest. Kansas State Univ., Manhattan, Kansas

PP 8.

9. Blake, G. R. 1965. Clod method. Pages 381-383 in C. A.

Black, eds. Methods of soil analysis. Amer. So. of

Agr. Inc., Madison, Wisconsin.



58

10. Brinkman, K. A. 1966. Growth and yield on praire soils. Pages
50-52. in Black walnut culture. Walnut Workshop.

Carbodalle, 111.

11. Carmean, W. H. 1975. Forest site quality evaluation in the

United States. Adv. in Agronomy 27:34-56.

12. Coile, T. S. 1952. Soil and the growth of forests. Pages
329-398. in A. G. Norman, eds. Advances in Agronomy
Vol. IV. Academic Press, N.Y. , N.Y.

13. Foth, H. D., L. V. Withee, H. S. Jacobs, and S. J. Thien.

1976. Particle size distribution. Pages 12-15. in

Laboratiry Manual for Introductory Soil Science. Wm.

C. Brown Co. Pub., Dubuque, Iowa.

14. Franzmeirer, D. P., E. P. Whiteside, and A. E. Erickson. 1960.

Relationship of texture classes of fine earth to readily

available water. 7th Inter. Congress of Soil Sci. Madison,

Wise. 354-362.

15. Hannah, P. R. 1968. Topography and soil relations for white

and black Oak. U.S. Dep. Agr. Forest Service. Research

Paper NC-25. 7 pp.

16. Jones, J. R. 1969. Review and comparison of site evaluation

methods. U.S. Dep. Agr. Forest Service. Research Paper

RM-51. 27 pp.

17. Lloyd, F. T. and W. L. Hafley. 1977. Precision and the

probability of misclassification in site index esti-

mation. Forest Sci. 23:493-499.

18. Losche, C. K. , W. M. Clark, E. E. Voss, and B. S. Ashley.

1971. Guide to the selection of soil suitable for

growing black walnut in Illinois. U. S. Dep. Agr.

Forestry Research Note NC-154. 3 pp.

19. McQuilkin, P. A. 1976. The necessity of independent

testing of soil-site equations. Soil See. Soc. Am. J.

40:783-784.

20. Phillips, J. J. 1966. Site index of yellow poplar related

to soil and topography in southern New Jersey. U.S.

Dep. Agr. Research Paper NE-52. 10 pp.

21. Post, B. W. and R. 0. Curtis. 1970. Estimation of Northern
hardwood site index from soils and topography in the



59

green mountains of Vermont. Univ. Vermont, Agr. Exp.

Station Bull. 664. 16 pp.

22. Ralston, C. W. 1964. Evaluation of forest site productivity.

Pages 171-201 in J. A. Romberger and P. Mikola, eds.

International review of forestry research. Academic

Press, N.Y., N.Y.

23. Salter, P. J. and J. B. Williams. 1965. The influence of

texture on the moisture characteristics of soils. J. of

Soil Sci. 16(2) : 310-317.

24. Soil Survey Staff. 1952. Soil Survey Manual. U.S. Dep. of

Agr., U. S. Government Printing Office, Washington, D.C.

503 pp.

25. Steinbrenner, E. C. 1965. The influence of individual soil

and physiographic factors on the site index of Douglas

-

Fir in western Washington. Pages 261-270. in Youngberg,

C. T. eds. Forest Soils Relationships in North Amer.,

Oregon State Univ. Press, Corvallis, Oregon.

26. Stoeckler. 1948. as reviewed in Coiie, T. S. 1952. Soil and

the growth of forests. Pages 3290398. in A. G. Norman, eds,

Advances in Agronomy Vol. IV. Academic Press, N.Y., N.Y.

27. Stricler, J. K. 1973. Woodlands of Kansas. Coop. Extension

Service, K. S. U. C-429.



APPENDIXES

60



APPENDIX A

BULK DENSITY CALCULATIONS

61



1.

62

Moist weight - dry weight

= w
dry weight

2. Moist weight - ( w x moist weight ) = Adj. dry weight

W
3. B. D. =

Wa-Ww Wa-W

Pw • Pp

B.D.= bulk density of soil

W = Adj . dry weight of clod before paraffin coating

Wa = Adj . dry weight of clod with paraffin coating

Ww = Adj . dry weight of clod with paraffin coating in water

pw = Density of water (1 gm/cc)

p = Density of paraffin (0.9 gm/cc)
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SAND

40 sec. Corrected
reading Temp «f 40 sec

39.0 73.4 40.3

(Temp - 67)0.2 = correction factor

( 73.4 - 67) 0.2 = 1.3

( 50 - corrected 40 sec.) 2 = % sand

( 50 - 40.3) 2 = 19.41

CLAY

2 hr Corrected

reading Temp 2 hr

11.0 73.4 12.3

2 hr reading x 2 = % clay

12.3 x 2 = 24. 6*

SILT

100 - % clay - I sand = % silt

100 - 24.6 - 19.4 = 56.0 I
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COUNTY
S
J5

P OBS SI DRL BDRL TA BOA SSOIL TOP PCSLOPE SURVEC
NO.

POTT 2

5

6

7

8

9

10
12

13

15(1)

15(2)
16

17

18

19

20

21

22

RILEY 1

3

4

5

6

7

8

GEARY 1

3

4

5

7

MARSHALL 2

3

4

6

7

8

9

NEMAHA 1

SHAWNEE 1

JEFF 1

5,6
7

8

DOUGLASS 8

9

11

WYANDOTE 3

4

1 67 34 1.82 16 1.67 4 4 2

2 59 25 1.70 6 1.50 1 5 2

3 52 13 1.71 13 1.61 2 9 10 2

4 65 34 1.90 12 1.56 1 4 2 2

5 51 17 • 10 1.55 2 3 20 2

6 61 38 1.7L 15 1.57 1 5 1

7 49 16 1.71 7 1.51 2 3 9 2

8 45 29 1.83 4 1.61 2 4 15
9 61 60 • 12 1.61 1 5

10 48 18 1.79 5 1.34 2 9 100
11 48 29 1.74 6 1.40 2 9 100
12 40 11 1.49 11 1.50 2 9 80
13 60 27 1.78 13 1.54 2 9 40
14 58 34 1.96 18 1.39 2 9 15

15 63 32 1.60 10 1.52 1 5

16 48 12 1.67 5 1.42 2 2 5

17 49 23 1.96 10 1.47 2 4 5

18 70 60 * 16 1.42 1 5

19 49 24 1.71 15 1.41 2 9 2

20 61 15 1.67 8 1.58 2 2 15

21 62 20 1.66 6 1.63 2 4 15
22 70 19 1.78 12 1.52 2 2 10

23 67 29 1.54 13 1.43 1 4

24 65 34 1.80 7 1.53 2 9 100
25 60 32 1.77 8 1.42 1 5

26 43 17 1.71 10 1.47 2 9 10 2

27 41 17 1.67 9 1.46 2 9 20
28 54 18 1.83 11 1.45 2 9 15
29 63 60 • 17 1.47 1 5

30 48 15 1.70 10 1.41 I 5

31 58 60 • 17 1.47 1 5 2

32 75 60 • 21 1.56 1 4 2

33 50 60 « 4 1.80 4 8 21 2

34 59 60 • 11 1.63 1 4 2

35 82 60 • 12 1.39 1 5 1

36 80 60 • 23 1.79 1 5 2

37 62 60 « 15 1.63 1 5

38 62 60 * 16 1.77 1 5

39 75 33 • 9 1.64 1 4

40 79 37 2.01 21 1.62 1 5

41 60 24 1.92 12 1.51 2 9 10
42 47 22 1.75 6 1.49 2 3 25
43 60 14 1.78 14 1.49 2 8 7

44 82 60 • 13 1.40 1 5

45 58 51 1.66 8 1.64 I 5

46 67 60 • 11 1.66 1 5

47 67 42 1.90 14 1.44 3 9 45 2

48 65 22 1.96 6 1.40 2 8 80 1
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ES0 WHCRL WHCP PHA1 PH132 PHC LuWPH HIGHPH SCB2 SCA1

55.7 7.1 12.2 7.6 5.7 6.6 5.7 7.6 79.2 80.6
27.0 4.5 5.0 7.4 7.3 7.9 7.4 7.9 73.0 77.2
60.0 2.6 14.4 7.2 8.3 8.3 7.2 8.3 61.0 76.o
60.0 o.5 11.3 7.8 6.8 6.2 6.2 7.8 73.0 70.2

11.3 1.6 2.3 7.4 7.6 7.9 6.8 8.2 60.6 76.2

46.0 9.2 11.2 7.7 7.2 7.2 7.0 7.7 62.6 79.0
60.0 3.2 13.0 7.4 5.9 6.2 5.9 7.4 76.6 77.0
34.7 4.4 7.4 7.1 7.5 7.7 6.6 7.7 77.0 80.0
60.0 12.6 12.6 7.1 7.0 7.5 7.0 7.7 80.6 79.6

30.1 1.8 5.6 7.5 8.0 8.7 7.5 8.7 64.6 76.6
31.5 6.5 6.5 8.0 8.1 7.5 7.5 8.1 76.6 71.0
8.0 1.1 11.4 8.0 8.2 8.5 8.0 8.5 74.8 72.4

21.8 2.5 4.4 7.6 7.9 7.6 7.6 8.0 78.0 79.2
60.0 7.1 13.9 7.5 7.8 7.4 6.8 8.0 82.2 75.2

60.0 5.8 10.9 7.9 7.3 7.9 7.7 7.9 72.8 75.8

57.0 1.9 14.0 7.3 6.7 6.3 6.3 7.3 61.3 76.8

60.0 3.5 14.5 7.1 6.0 6.7 5.9 7.1 85.2 81.2
60.0 12.1 12.1 7.6 7.7 7.9 7.6 7.9 72.8 75.6

40.9 5.2 9. 1 7.6 8.4 8.2 7.6 8.6 76.8 79.2
60.0 3.0 14.3 6.6 o.O 5.9 5.9 6.6 79.8 76.8
40.0 4.1 9. 1 7.6 7.6 7.7 7.4 7.8 78.2 7o.6

60.0 3.8 14.1 7.4 6.2 6.4 6.1 7.4 85.2 79.6
55.8 5.8 12.1 6.6 6.6 7.7 6.6 7.7 79.4 78.2
35.6 5.5 8.4 7.3 7.8 7.9 7.3 7.9 74.8 73.8

60.0 7.3 13.7 7.5 5.8 7.4 5.6 7.5 86.8 83.2
60.0 4.0 14.0 7.1 5.9 6.5 5.9 7.5 33.8 79.8
40.2 3.2 9.2 6.9 7.2 7.6 6.9 7.6 80.6 80.6
43.9 3.3 8-3 7.1 5.8 5.9 5.8 7.1 78.4 72.6
60.0 13.2 13.2 7.3 7.7 7.4 7.3 7.7 81.4 80.4
45.7 3.3 10.2 7.2 6.7 7.6 o.5 7.6 82.8 81.8
60.0 12.0 12.0 6.7 5.8 5.4 5.4 6.9 31.8 81.8
60.0 9.2 9.2 7.3 7.6 7.6 6.8 7.6 h7.6 36.2
36.1 3.2 3.2 7.2 7.7 8.0 7.2 8.0 35.3 43.0
60.0 11.0 11.0 7.5 7.6 7.5 '7.3 7.6 78.6 73.6
60.0 12.5 12.5 7.1 6.1 7.4 6.1 7.5 83.6 81.8
60.0 11.4 11.4 7.0 7.5 7.5 6.8 7.5 57.6 74.0
60.0 12.5 12.5 7.3 7.2 8.2 7.2 8.2 81.2 73.2
60.0 10.9 10.9 7.3 7.0 7.0 6.8 7.4 72.8 45.8
60.0 5.1 5. 1 7.1 6.7 6.7 6.2 7.1 75.2 42.6
60.0 6.5 10.7 7.5 7.6 7.4 7.3 7.7 59.1 49.2
60.0 5.8 13.7 7.0 6.4 7.0 5.8 7.0 86.0 81.6
18.0 2.6 4.4 7.1 6.3 7.7 6.6 7.9 81.0 77.2
20.2 1.7 4.5 7.0 6.2 6.7 6.0 7.0 36.6 79.2
60.0 14.9 14.9 7.2 6.3 6.4 6.3 7.2 66.6 85.0
44.0 6.1 7.6 7.8 7.9 8.0 7.7 8.3 68.6 64 .o

60.0 14.9 14.9 7.8 7.1 7.0 6.8 7.3 34.6 80.6
60.0 13.6 13.6 7.1 5.3 4.7 4.7 7.1 32.6 81.0
22.3 4.4 6.6 7.6 6.3 7.6 0.3 7.6 83.0 76.0

66. 6 85,.0

63. 6 64 u
34. 6 80 .6

32. 6 81 .0

83. 76 .0
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30.0 5.0 32.9 25
28.6 12.2 23.8 21
27.6 6.2 13.0 270 23
28.6 6.1 34.0 17
41.6 8.1 7.4 10 26
33.6 5.5 Jd.O 25
31.6 10.9 16.0 55 18
34.6 19.3 25.7 320 34
19.6 6.7 60.0 31
27. 6 12.9 9.4 290 24
41.6 12.8 2J.5 290 31

2 7.2 6.8 6.1 230 26
40.0 6.0 I J. 6 280 29
36.2 4.6 34.0 310 25
21.2 7.3 32.0 20
32.2 16.4 9.0 90 18
38.6 a.

5

23.0 21
22.2 4.6 60.0 22
35.8 5.1 2L.6 35 16
2 5.2 10.0 15.0 290 22
32.6 13.0 20.0 30
29.8 7.1 18.1 330 17
25.2 6.1 29.0 20
37.8 10.7 29.6 70 29
34.2 10.9 32.0 19
41.2 8.4 17.0 75 26
34.6 9.0 14.6 2 70 32
33.2 7.1 17.0 360 17
2 3.2 4.d 60.0 21
31.2 8.3 15.0 14
21.2 4.8 60.0 20
16.6 2.3 60.0 15
15.3 8.3 36.1 5 15
29.6 7.2 60.0 24
18.8 7.0 60.0 38
15.0 2.5 60.0 22
32.6 5. V 58.5 26
22.2 4.6 60.0 12
18.6 8.4 33.0 12
28.3 2.

a

37.0 13
45.6 7.2 24.0 80 24
35.6 13.5 11.0 45 23
42.2 6.2 7.4 210 24
34.0 6.7 60.0 21
27.6 8.6 36.0 27
29.2 7.7 60.0 25
31.6 5.9 42.0 30 9
3 0.2 13.8 11.0 340 13
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A soil-site evaluation was made from forty-eight plots scattered

throughout northeast Kansas. These plots were selected for their

natural occurring black walnut growing in a wooded enviroment. The

trees were bored and measured to obtain a direct estimate of site

index. The site index curves used were base age fifty, from Kellogg'

s

data in the Midwest.

At every site the profile was exposed and the soil horizons

diagnosed. Samples were collected and the topography of the site

was described.

Physical soil properties were selected as quantitative variables

and the topography, soil source, and surface vegetation were used

as qualitative variables for sorting. Three approaches were tried:

l./all variables on all sites were used in stepwise and backwards

regression to obtain a prediction equation, 2. /the sites were sorted

by the source soil and a prediction equation obtained for each, and

3. /the easy to measure variables were used to obtain an equation.

The predicted values were compared with the observed values for

each site and a 90S confidence interval was given for each. The best

approach was sorting by alluvial soils with a R-square of .94. With

all the sites, using topography as the class, R-square was .88.

Using the easy to measure variables proved to be poorly related with

a R-square of .62; this approach used three variables.


