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CHAPTER T -
INTRODUCT ION

Three great patterns dominate the earth and are of treméndous
importance to man,.the.patterﬁ”of climate, the pattern ‘of vegetation,
and the pattern.of soils. When the three patterns are laid one ‘upon
andther,‘their boundaries cOincide td a remarkible degrée because
climate is the fundamental@dynhmic?forcé shaping the other two.

The most obvious differeénce in. appearance between one.region and
ahother-is found.in.sﬁrfaée,coﬁfiguration,'with’such"contfasts-as thiose -
between flat, bﬁen'plains—and,rugged mountains or low marsh land and
high rocky plateaus. Végetation also varies; forests for'example?
contrast sharply with open gfasé land or desert. Forest aieas'iﬁ turn ‘
4 can be distinguished from‘one another by the kind of treés‘thatacoﬁfose
the stands. The-influence of climéte on .the grthh,of plaﬁts is‘a
prédominant factor affecting their distribution;vand.the'reiationShip
betweéen soil fqrmation on thé one hand and vegetation and cliﬁate‘on the
other is so close.that the pattern displayed by soils maps likewise

. s . . 1
reflects climatic conditions.

1Blumen Stock, D.I., C. W. Thornthwaite, Climate and the World
Pattern, Climate' and Man, U.S.D.A. Year Book of Agriculture 98-127,
1071-1075, 1941.



Both vegetation aﬁd soils.are considered'to bé functi6ns (88) of
gradients in the environmental factors, climate, parémt material, relief,
organisms and time,

Soils affect thé trees principally through soil'air, soil moisture,
and plant nutrients. 'The relédtionship bétween the same set of general
soill properties and treebgrowth in widely Sepafated and-éiffefent
regions suggests that thé soil-tree relétibnships are basic énd
applicable to forest regions. |

Foresters as well as Agronomists and tﬁose_emgaged'in_soil
research are interested in appraising the productivity of different
classes of soil, siﬁce'thisiisviméortant in ﬁerms of land use planning,
land purchase prices, and management plans. The foreéfer'deals with a
long-range crop measured in terms of cords, cubic'fee#, or board feet.
He relates yields to slope, exposure, altitude;‘soil type, soil profile
characteristics, soilﬂtexturé, permeability or friability of soil,
general soil moisture relatiéns, or>com§arativé,abundanCe of organic
matter. Often as ﬁany és four to six site faczor§ may be meaningful
in terms of Qood production of a.given species of tree, and two or
three are likely to be of paramount importance.

scientific forestry, no less than scientific farﬁing (92); must be
based on a knowledge of the_productive potential of fhe‘land. Efficient
forest management innmahy parts of the bountry today requires site
classification of timbérfland and largéfexpenditures for forest

development are fully warranted on good sites. With intensification of



forest”managément.has come the need for aCre by acre classification of
site quaiity'(108)° ‘

Forest land in eastern,bklahoma was estimated to 5.5 million acres
in 1966. Approximatély,4u8‘million acres of thevtotal wasﬁclassified
as. commercial forest land:. Much of this commercial acreage is thought
to have considerable potential for the production of shortleaf pine

(Pinus echinata Mill) but ther is increasing need to delineate land

management classes. Much of eastern and southeastern Oklahoma's pine
land is subject to environmental terrain becaise it is on the fringe of
the southern pine range. The area has been subject to frequent drought
periods; Careful consideration of site-quality must be made before
expensiVe»types of conversion operations-.can be undettaken on.some.
sites (106).

Estimating land value from soil properties is not new, farmers
have been buying land on the basis of taste, feel, and color for many.
years. As forést land cost has increased, however, the need for better
methods of estimating its ﬁroduétive capacity has 'also increased. As.

- a result much progréss has been made in the past“éO years in classifying
the productive poténtial of forest land on the basis of measurable soil
propertiés-(72)o7

Thevpresent_investigationlhas.been.designed.to study the utiliza-
tion of soii ﬁroperties-for site evaluation, while pursuing the
following specific objectives:

1) To-detérmine»thevrelationsﬁip'between soil properties

and site index of shorléaf pine (Pinus echinata) in

order to estimate the growing capacity of the coastal

plain soils of southeastern Oklahoma.



2) To investigate,the caﬁses'for the distribution of fovrest
tree species - in the area studied.
The study aréa is located in the vicinity of Broken Bow, Oklahoma’

in McCurtain County, as shown in Figures 1 and 2.
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CHAPTER IT-
LITERAIURE REVIEW .
Measure of Forest Growth-

Measures of forést growth iﬁclﬁde annual and‘periodic volume
increase in cords, cuBic féet*and board feet ‘units per acre. Yield at’
a given age is also expressed in these units. However, in even aged
stands, thé total height of trees in the dominant crown canopy is the
best measure of soil productivity becausevit is least affected by stand
density of the numﬁer of trees per acre at any given age..  Stand density
is usually expressed as basal area (the sum of the cross sectional areas
of “the tree stems 4.5 ft.,fromithe ground. expressed in square feet/acre),
or stocking in milacres (16).

In forestty a site may be defined as an area of land with a
characteristic combination of edaphic, topographic, climatic, and biotic
factors. Site quélityvrefers,to the productive capacity of an area of
land for a tree spedies'ér a'mixture of specles. It may be expressed
in terms of total height of tréesriﬁ the &ominant crown canopy at an
index age'(SO yeérs‘of-many.spécies); When sife quality is expressed
in terms of height of tféés‘at a given age, it is called site index
20). |

There are different methods of classifying-forést‘siteé,v

| 1) Gr0undvvégetation (plant indicators)

2) Direct method



3) 1Indirect i.e., soil-site index method

4) Short cut methods.

Ground Vegetation and Plant Indicators.

The plant cover (95) if properly interpreted, can be used as ‘an
indicator of the climatic conditions. under which it is produced, of the
soils on which it is grown, and of the practices of grazing or other
uses to which it-has been subjected.

The plant indicator concept is based on'a cause and effect
relationship where the effect is taken as a sign of the cause (83). All
plants are admittedly a measure of their environment, because plant
produc¢tion and to some extend form of growth is determined by habitat.
Any plant species may indicate the nature of its-sufroundings, yet only
a few key species of a given locality are, as a rule, sufficiently"
restricted by growth conditions to be helpful. According to Sampson
(83) Clements stated that the problem of using plant indicator groups is
chiefly one of analyzing the factor complex, the habitat and relating.
thé,functipnal.and<structural response .of both plant and community to
it.  According to him indicators are the dominant species which
consitute a climax since théy bear the unmistakable impress 'of the
climate and other site factors in the corresponding life form: Accord-
ing to SampSon (83) Braun-Blanquet held that characteristic speciés are
those which are logically specialized and dependent for their existence
on specific organism and factors and have high value.as-indicatérsé In
the species are embodied certain definite adjustments and demands upon
the environment with the result the species must be regarded as’

conspicous indicators of certain conditions of life. -



Plant‘indicatcrswhaVe?direeﬁiy or indirectly received the attention
of many capable workers-in varioﬁs parts of the world. As early as
300 B.C. Theopﬁfastﬁsurecognized"thatltrees'on southern of "sun facing
slopes" were different in growth form and in character of their wood
from those which occupiedtthe cooler northward slope. According to
Kelly (59) the beginniég of the Christian"era?1Columellé'adds "rushes,
reeds, grass, clover, and other plants are known to search for water
and sweetness." - These plants demonstrate the case for correlation
between 'soil and flora. Similar ideas were held throughout the Middie
Ages and were transferred to the new world by thoSe3early settlers
who were classicists as well as farmers. The scientific aspect, however,
devéloped after plant physiology had its beginning, and noted early
workers were,King; 1685, Degner, 1729; Buffon, 1742; and Biberg, 1749,
The importance’of.plant indicators was suggested by Linne, 1751;
emphasized by Heldenberg, 1754;.while Schuow, 1832, classified them by
habitats (59). In Medieval times the .indicator idea (83) was enlarged
and somewhat refined. Accdrding.to'Sampson.(83) Hales and others noted
that various plant species exhibited different rates of growth on
divergent,sdilvtypes; During the nineteenth century strongly divergent-
schools of thought relating to soil and plant inter-relations arose.
Decandollé, for example refused to admit .that .the chemical composition
of the soil materially influenced plant growth or delimited the plant
community, yet he recognized the influence of outside factors on plant
distribution. Unger placed great emphasis on the dependence of plants.
on the chemical nature of the soil. '~ Thurmann supported primarily the
theory of the influence of physical properties of the soil and Humboldt

contended that growth was pfimarily related to soil, climate and to
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latitude.  Edmund Ruffin, according to Kelly (59) contrasted the pines
and Andropogon of shelly-lands,with:black locust, hackberry, and pawpaw
on' Rich River margins, and he noted .that trees which thrive on one class
of soil were seldom found on :the other, and even if they were found
they were stunted. Hilgard (51) in his work en plant indicators stress-
ed size, form and relative development of a plant association.  Shantz
(84) used certain plant types ‘as .indicators of seil condition for a
classification of government lands. Soil acidity -influences’flora to
such an extént that certain .plants may be .assigned .as indicators, a
number beiﬁg listed for each type. . Soil acidity perhaps induces
variations in plant species-(59)a

One of the most fascinating»facts,about’treéfgrowth-is?the-manner
in which thevefficiency of physiblogical'processeé-within a species
varies with changes in environment. . For example, white pine is much
more efficient than loblolly pine in absorbing water at low soil
temperaturééa These species differences may play a significant part in
restricting species ranges (62).:

According to Coile :(18) the problem of forest classification -
immediately brings forward the question of the use of a given classi-
fication scheme. Considerable attention has.been-giVen to classi-
fication of forest land on the basis of ground vegetation since the
theory of forest types (site-~types) was expounded by Cajander in
Finland. The fundamental hypotheses behind the use of forest (site)
types are that: 1) The ground;Vggetation reflects the inherent-quality
of'site’better-and with less variation ‘than do forest stands. 2)
Forest (site) types are to a high degree'indepeﬁdent.of the comparison,

age, and derisity of the forest 'stands .that may .occupy an- area at any
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given time. These bypotheses are valid except under exceptional
conditions of climate, topography and forests.

Early advocates of classigying forest land according to ground
vegetation tyées gave the following points in arguments against using
forest stands as a measure of site quality; 1) Differences in results
obtained from using different kinds of stand growth meaéurements, such
as height growth, diameter growth and volume growth. 2) Differerce in
measurements due to difference in initial and subsequent stand density.
3) Differences in past hiétory of stands that influence development
(18). |

Heimberger (49) made a study of forest (site) types in the
Adirondack Mountains of New York. The first breakdown in 22 types
recognized was on the basis of geology and climate of the region; and
the second breakdown was on'the basis of broad forest -cover types into
softwood, mixed wood types and hardwood types. When one compares the :
description of Heimberger's forest cover types with associated ground
vegetation types it is readily apparent that stand cemposition is
almost perfectly confounded with ground vegetation 'type. As an example,
when the number of species whose litter is high in base (sugar maple,
bass wood, and’whité\ash).increased‘in'the,stand, richness of the
herbaceous cover also increased.

Hesselman according :to Cdi;ef(18).expreSSed the point of view that
from the stand point of conditions in Sweden, forest (site) types might
better be called treatment .types rather than quality types. Spurr (91)
according to Hodgkins;(54),.and.Toumey.and Korstian emphasized the
damaging effects of past forest disturbances -on the utility of-

indicator typing aftér the method of Cajander.. In thevséuth,
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particularly in the southeastern states, past disturbances such as
cultivation and persistant fire have been widespread.

Hodgkins (54) pointed out that as one moved southward the
proportion of all forest species having narrow ecological tolerance or
amplitudes decreased markedly. This was considered to militate
effectively against any precise definition of site class by means of
one or two indiéator species even where forests had not been subjected
to intensive disturbances in the past. Nevertheless, it is widely
recognized that the plant community, as a whole, will reflect the total
effect of the habitat.. That it will also refléct past treatments and
disturbances is aside from the point. After any disturbance, the process
- of invasion, competition and reaction is normally produced within a
surprisingly short time, and .a plant community that is in strict
balance with its enviornmental communities can be grouped into societies
and'assoéiétions that in turn reflect the site. |

According to Linteau (64) it is the failure .of many to recognize
the ability of_vegetaﬁionito.grOW.inﬂorderly societies and associations
that causes them to reject the vegetative classification of site.
Concentrating on individual species instead of on the ﬁlant community,
they see only a looge.connnection between vegetation and the site,

According tovHodgkins'(Sé) Becking, the Russiaggang t@e-zﬁrich4
Montpellier Schools of‘phytosodiology.recognize‘the%inseparébility-of
the habitat and of the community. Any_chénge'invthg=habitaﬁ“will be
reflected floriétical1y-in“due'time~by‘the communitfa' When a regional
vegetation is well known all of the species can be grdupéd intd
diagnostic (iqdiéator) groups. In that case it is to find groups of

sPeéies'that"will reflect plant”communitiés or associations which in
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turn will reflect site classes. A given site class will be identified
by the presence and abundance of any of the members of its specific
group of indicators, and a given indicator may appear in more than one
group. The density and composition of the overstory and the stage in
plant succession of the entire plant community will make no difference
to the outcome if.the indicator group is large énough and diversa
enough to include all the possible combinations of fhese factors which
might oeccur on a given site class.

Spurr (91), approached the prcblem for northeastern spruce and fir
stands by setting up an indicator plant spectrum. Groups of indicators
were given for each of four site classes. Site classes were arranged,
in order, from the driest and most infertile site at the top of the list
to the moistest and most fertile site at the bottom. Indicators were
checkéd as present, common or abundant, and the weight of the checks
opposite the various indicater groups determined the site classification.

Hodgkins (54) developed a plant indicator site index system for
longleaf pine ‘in Alabama, using ground flora, forest floor brush, and
some overstory hardwoods, and he assigned a number rating system to
reflect their frequency. After making the species inventory, a mean
tree site index was calculated for each indicator species by finding
the average longleaf site index for all the plots containing the species.
In doing this, thé site index on any one plot on which the indicator
occurred was weighed according to the dominanﬁe rating of the species
on that plot. . For any one indicator species, then the mean longleaf

site index for the plots containing that species was as follows:

f;(Tree siteé index X dominance of the species})

S, I.= -

= (All of the dominance values for the species)

E—
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The indicator species were then ranked from the lowest to the highest:
on the basis of their mean longleaf site index values. The examination
of individual plot data indicated tha;-this‘apprOach would not be
productive, however, species ranking was.rearranged to represent
progréssion in the moisture regime, from the driest to the wettést
sites.

DryneSS~andVYbungbergJ(38}«appraised five brush assoeiations that .
can be used for site quality estimation of ponderosa pine (Pinus
Ponderosa) in thé pumice region of central Oregon. They found that each
plant association was indicative of a completely different effective
environment  and was accompanied by changes in the amounts of advanced
timber regenération? timber.sténd density, supplies of forage available
to livestock, and other factors important in forest and range management,
even though all five plant groups occurred on the same soil mgpping
unit. They reported that differences in the forest enVironmenﬁ'were’not
often reflected in readily discernible soil characteristics, and the
under storyhvegetation'SerVes as a much more sensitive indicator of
changes ‘in the many‘variablés regulating tree growth,

The rate of height-growth of ponderosa pine (Pinus ponderodsa)

was studied in .eastern Washington and northern Idaho by Daubenmire
(28). When the data was. grouped according to habitats based on plant’
associations that were climax for the sites, good correlations were
obtained. Thus, vegetatiOn whether .climax .or not, serves as a rapid
and useful means of predicting in advance the probably growth rate of

the pine. Susceptibility of the tree to infection by (Arcenthobium)

was. also correlated with these vegetative indicators. A key was

provided for the identification of the .seven habitat types supporting
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natural stands. of ponderosa pine in the region studied. Habitat types:
were divided into four unequal groups on the basis of rate of height-
growth of ponderosa pine:

I.. Best potentiality

1) Abies grandis/Pachistima myrsinitesrhoto

II. Good Potentiality

1) Pseudotsuga menziesii/Physocarpus malvaceus h.t.

2) Pinus ponderosa/Physocarpus malvaceus h.t.

3) Pinus ponderosa/Symphoricarpos albus h.t. .

III, Fair potentiality.

1) Pseudotsuga menziesii/calamagrostis rubescens h.t,

IV. Low potentiality

1) - Pinus ponderosa/Purshia tridentata h.t:
. . ‘ . —- |
2) Pinus ponderosa/Agropyron spicatum h.t.

In New- Zeland according to Pegg (76) Ure successfully used the

height and composition of the .ground vegetation .to predict the site .

index of exotic species (P. radiata D, Don and Pseuddtsuga.tgxifolia
Britt.)

Silker (86) developed an ecological ladder using under story and
ovérstoryvhardwoodsffor.pine site evaluation for East Texas and’
Southeastern Oklahoma. - He proposed the use of hardwoods ‘as a primary
indicator rather than ground flora for the :following réasoms:

1) Soil moisture is:usually the most important factor coéntrolling

plant adaftiOn.td.a.site, when other minimums are met.,

2) Theﬂmoét‘criticallperiOd for soil moisture demand appears to

be in the early seedling stage,

3) . Groups of hardwoods are practical, natural, statistical
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expressions of total site factors affecting physiological -
minimums or maximums; or, species frequency ahd commercial
bole length and form are mitror images of what the total
environment may.express.

4) . Hardwoods used to assay a‘site should be common specieés that .
will océur,throqghout broad geblogic9 physiographic, .and’
climatic provinces. .

5) HardWoodS'should-be reliableé indica;ors because; (a) most .
are climax plants, (b) they are less subject to rapid change
than ground flora that are readily affected by fire, cutting
and grazing, (c) they usually reflect an age or minimum
expression of 50 to 150+ years; and they are usually
conspicuous .and readily identified by foresters and othersé

He also developed a ''wedge-chart' for Coastal Plain soils to.
illustrate the order of plant group changes ‘with increasing or decreas-
ing water reservoir capacity. This was deveéloped .to sugges£ the
correlation between“soil’profilemconditions? soil moisture availability,
andrplant frequency expressidnsf' He also related the above potential "
silvicultural tool investments .and the implied cost return ratios for -
given land classes.

The use of ground vegetation indicators did not show any promise,
in East Queensland (82)-part1y\becaUSe.of'the‘difficulty in determining
the original composition with any accuracy. The'degréevof‘persistencer
under varying canopy densities was not constant for all species. The
use of ground vegetation in classification was restricted to Bavksia

robur Cav. and Hakea gibbosa Cav., which were indicators of wet sites.

Similarly heavy heath undergrowth or Banksia serratifolia-knight




17

indicates a ground water padzol.

The regression approach has been used much more than that involving
ground vegetation probably because the soil variables measured are
reasonably constant whereas the ground vegetation is likely to be
disturbed by management practices (76).

Use of indicator types in the classification of plantable open-
land, as an aid in ‘selection  of proper species of trees for planting,
requires a fundamentally different ‘method of approach than the ome.
ordinarily used in the application of forest (site) type classification.
Within a given climatic region dry sites will have a characteristically
different ground vegetation than wet sites. Howéver, such large
differences in site can as readily be identified with topography or-
with easily identified soil characteristics as with ground vegetation
type in most cases. Certain ground vegetation types are associated
with relatively fertile forest 'soil conditions, whereas other types '
of ground vegetation are associated with relatively unfertile conditions.
As such, the ground-vegetationftypes‘are treatment types and aré not’
directly related -to the inherent 'quality of a site or presence or
absence of certain species of plants. The ground vegetation under
stands of timber may afford an indication of the intemsity of composition
between members of the forest community for soil moisture, nutrients,
and light; in stch instances, ground vegetation types are indicators of
treatemnt -or conditions in the upper part of the soil mass and not
indicators of the basic and inherent growth capacity of .land (18),

In general, if a classification jof forest sites ig¢ desired, it
should be based upon fundamental and permanent features of site,

namely soil and relative topographic position of the soil mass.
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Characteristic of the soil mass, the sub-stratum, and topography, which
are related to the availability and total volume of water present for
use by forests, should be the primary criteria in any classification
of site. Markedly different chemical characteristics of soil may be a

secondary criteria of classification (18).

Site Index

Site index (S.I.) is the measure of all effective factors of site,
climatic, biotic, physiographic, as well as edaphic. By definition, it
is the average height of dominant and codominant trees at 50 years of
age from established curves. Site index may be estimated for trees of
any age.

Because any one of the above mentioned factors of site may be
limiting, soil-site index relationships are difficult to ascertain.
Other factors contributing to soil index errors include growth-
mathematical relationships which result in errors of unknown magnitude
regarding the form of the curve and distrance between curves. With
younger stands on better sites than those supporting old growth,
average site index curves will be warped upwards at younger ages and
downward at older ages. Conversely, on poorer sites, the opposite
may occur. Genetically-inherited characteristics of trees may also
influence the apparent site index and appear to confound the factors
of site.

Site index alone is, at best, a measure of site-potential for a
specific geographic or genetic strain of a species. Actual productivity
of land should couple site index with measurements of volume, basal

area or cubic feet of growth. Use of basal area and growth, likewise,
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is fallible since very little forest land has optimum stocking. It is
for ‘all of the reasons outlined that we turn to the soil for helpful

information in indicating site potential (100),

Direct Measurement

Tree site index method is probably the most common tool used to
evaluate site quality. It may be expressed in terms of total height
of trees of the dominant crown canopy at an in&ex age (50 years for
many species). When site quality is expressed in terms of height of
trees ag a given age, it is called site index. Some workers have
criticized the use of site index as a measure of productivity for a
number of reasons such as errors made in extra polation, and in the site
index curve themselves, effect of weather during the early years after
planting or natural regeneration, variation in growth patterns between
races and also between genotypes within races. In spite of these
objections site index remains in constant use as a ﬁeasure of site
produétivity because of its general .independence of stocking (76).

For this method plots containing 100 to 300 trees have to be
established. Diameter breast height of the average dominant tree is
determined using the basal . area method. .Furthermore, a curve of total
height over diameter»breastnheight,must be constructed.: Six or more
dominant trees must be bored to obtain an estimate of stand age. Data
in conjunction with standard site index curves-are-then:used'to arrive

at the site index value (58).

Indirect or Soil-=Site Method and Short Cut Methods

The soil-site method of evaluating the growth potential of forest
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land has gained in .use the past decade and replaces to a rather large
extent, the older tree-site index method. This shift in use of procedure
is to be expected when one considers the difference in the time and
effort needed to mske the two kinds of evaluations..

The principal use for the indifrect or soil method wasvoriginélly
proposed for land not supporting stands of suitable age, stocking or
species for direct site determination; examples of this are cut—~over or
abandoned fields, very young stands, uneven-aged ér partially-stocked
stands, or even land which presently supports other tree species,

In the case of soil-site evaluation all that is usually needed is
several soil borings around the sampling site and some evaluations of
soil texture, consistency, depths of horizons and subsoil properties -
that are employed in the original work. However, field tests with the
soil method of estimating site potential show that it is just as.
precise as the direct method .and requires ounly about 1/3rd of the time
needed to measure total height and ages.aecurately.and.then obtain site
index for curves or tables,

Mahy who use the direct method of site-determination .do not fully
recognize the sources and magnitude of errors or inaccuracies involved
therein, Goﬁm@n inaccuracies in measurement of total heights of trees
with any Abney level are due to : (21}

1) Base line not properly measured or not ad.long or longer

than the height of the tree,

2) Abney is not in adjustment.

3) Tip of tree and its base are difficult to see because of’

under story or demsity of the stand.

4) Total age of a tree cannot be cbtained accurately because
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a) Tree centre is not .encountered
b) Ring counts may be confused by false rings when a

core is taken with an increment borer or

©
S

when age is taken at 4,5 ft the time required for
the tree to reach that height may be.estimatedo

Tests of the relation between site index as estimated for the soil
and tree site index for stands 10-30 years of age have indicated that
site curves for loblolly and shortleaf pines give over estimates for
young stand (21).

All that soil-site measurements provide are estimates of what the
equivalent tree-site index should be. These estimates certainly are
subject to sampling errors, errors arising from the lack of perfect .
correlation bgtween”SQil and tree site indices, and to human errors.
The first two of these sources introduce at’ least some error into any
estimate but'aﬁe not as ciritical as the third. Before an effective job
of soil-site evaluation can be done the evaluator must be well trained
and experienced.

Short sut meth@& pr@@eduﬁes»ame.quite simple. One of these

requires the establishment of a 1/5th acre plot. at the sampling point.

Within this plet three to six of the latgest trees in terms of d.b.h.
located and ranked by size from largest to samilest, The evidence
obtained in the course of the statistical analysis of data shows that a
strict ranking is not necessary (19).

One method of providing information more quickly<an&:conveniently
is to relate the sit@~indeirof~severa1.specie9ﬂto one. another (species-
compairison). I1If the site index can be determined for one species,

'

either from tree or by soil-site methods, the site indices of the
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other species can alsoc be estimated (37).

According to Dooclittle (37) one of the preliminary results of soil-
site research in the western white pine type is reported by Copeland
(26} where the relationship of the site dndex (S.I.) of western white

pine (Pinus monticola Dougl) is compared with the side indices of

western larch .(Larix occidentalis Nutt.), Douglas fir (Pseudotsuga

menziesii {Mirb) Franco) and grand f£ir (Abies grandis .(Dougl.) Lindl.).
The Southesastern Forest experiment stations, annual report for

19534 included a chart relating to the site indices of several species

in the southern Appalachians. . Site indices of 10 species common in

the southern Appalachian Region were correlated by Doolittle (38). The

relationships were shown in the following regressicn equations:

L]

1) Scarlet, black, northern red, and chestrut oak

6,251+ 11,001 (shortleaf and pitch pine)

4

2) Secarlet, black, northern red, and chestnut oak
27.642 + 0.586 (yellow poplar)
3) White osk = 0,929 (Scarlet, black, northern red, and
chestnut oak) - 1.088
4) White pine = 34.968 + 0.630 .(yellow poplar)
5) Yelléw poplar = 1.540 (shortleaf and piteh pine)
-.24,629
6) - White pine = 13,900 + 1.029 (shortleaf and pitc¢h pine),
7) Virginia pine = 12,746 4+ 0,932 (shortiéaf andfpitCh pine).
It was suggested thHat those who wish to use the.séit-site method
for estimating land quality would btenefit by testing both methods of

tree vs soil measurements (22, 23).
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Principal Soil Properties Related to Forest Growth

The productivity of soil for forest growth is conditiomed by the

quantity and quality of growing space for tree roots. . Soil properties .

that may be classed under these two categories may have diréct effects

on growth, both direst and indirect effects (interaction), or only

indirect effects.

The soil factors arve (20):

(a)

(b)

(e)

Depth of surface soil (A horizon), depth to least
permeable layer, or dépth to mottling. These
measures of quantity of growing space imply effective
root depth for trees (small roots). The relationship
of growth to these measurements is generally curvilinear.
The net effects of increments of depth are great when
depth is low. The effects of increasing depth on
growth deCrease:beyond'a certain point,

Total depth of soil, and soil material functions as a
measure of quantify of growing space in the case of
immature or poorly differentiated soil profiles.
Physical nature of the sub scil, least permesble
layer or substratum as it influences water movement,
water availability to root aeration and mechanical
hindrance to root. This factor may be exhibited with
either "a" or "b" above with significant'effe@ts‘or~
interactions with tree growth. Physical pféferties
of the sub soil that may be directly correlated with

forest growth include texture, pore space distribution,



(d)

(e)

(£)
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imbibitional water values, water holding capacity,

and changes of volume with moistuxe content
(shrinkage and swelling).

Physical properties of the surface soil, notably pore
space distribution and texture may under certain
conditions influence water infiltration and storage
which is especially important to trée growth in semi-arid
regions or when precipitation is erratic.

Organic matter in the form of either incorporated or.
uninecrporated humus influences the moisture regime

of soils as well as their structure and porosity to

alr, 1t serves as-a direct source of energy for soil
organisms and as a reservoir of nitrogen and cther
essential plént nutrients. -In excessive amounts of
organic matter may reflect poor drainage and be
associated with low productivity.

Chemical characteristics involving nutrient supply may

be a limiting factor in forest growth on deep, excessive-
1y drained silicious sands in humid climates. In such
cases, the fertility factor is usually confounded with

adverse physical soil properties and low water table.

Factors other than soil may alsoc affect tree growth, such as: (20)

(a)

Climate and length of day: These two factors are
confounded for tree species that have a wide latitudinal
range, The relatively rapid growth of certain species

of trees‘infnorthern.latitudes.ean be attributed in.

part to long days during the frostfree period which
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offsets the short growing season., . Climate, expressed
as inches of rainfall, number of frost free days per
year, or defined indriectly by latitude and longitude,
has been found to be correlated with growth of forests
independent of soil factors.
(b) Aspect "and EXposureg In regions or areas of marked
relief, aspect of land (compass direction 'that a
slope faces), and exposure (susceptibility of land
surface to be drying winds) greatly affect the local’
climate, as it is characterized by precipitation and
temperature, wind movement (direction and rate), and
- evaporation. Northerly facing slopes (NW, N, and NE)
are cooler and more moist than southerly facing slopes.
(¢) Topography and water table. . The relating .of topographic
position of land to forest productivity is primarily
indirect. Relative topographic positien and distance
from the soil surface to the water table both influence
water supply to the soil and tree roots. This moisture
supply, modified by climate and soil properties may
range from excessive to insﬂfficienﬁ@. |
(d) Surface Geology:  The permeability to water of-fgcks9
rock formaﬁion; or unconsolidated geologic material
may influence land productivity independent of the
soil if the latter is shallow .(20).
In forestry, broadly speaking, soil moisture oécupies a position
of prime importance as a controllable factor in.grOWth; Soil moisture

is. often one of the most critical factors of the edaphic complex.
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Water is important as a constituent of living protoplasm, a reagent in
chemical reactions, a medium in which reaction occurs, and a solvent.
It is ‘also very important in the maintenance of leaf turgidity. Wilted
or partially wilted leavés are ineffective photosynthetic mechanisms.
Claims have been made for many years that all the soil moisture in the
range from field capacity to wilting percentage was:equally available
to trees., There are many observations, however which indicate that
physielogical processes ave profoundly influenced by drying of the soil
and that very real effects on metabolism and growth of plents are
manifested scme time before the soil reaches the wilting percentage
(62).

Ig coarse textared soils the moisture tension changes are
relatively small from field capacity almost down to the wilting
percentage., At the latter point the tension changes rather precipitous-
ly to permanent wilting percentage. Moisture tension, moisture conteént
curves for finer-textural grades of soils de not exhibit such a sharp
break and indicate that water is withheld from plants with appreciably
greater energy over the lower part of the available range than .the
upper part. In terms of energy relationships the water in such soils
becomes gradually less available as the moisture content decreases from
field capacity to wilting percentage (62).

When the effects of light intensity on photosynthetic efficiency
of pine and hardwood seedlings were studied it was found that photo-
synthesis of pine increased progressively with light intensity up to the
highest light intensities., Hardwoods however, reached a maximum at
one~third or less of full sunlight, In addition, it was shown that the

hardwood had an inherent capacity for greater quantititive production
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of photosynthate, Furthermore, with decreasing soil moisture content
the photosynthetic rate of pine detreaSed.at a higher moisture content
than did the rate of the hardwoods (62).

Wilting coefficient can be vobtained by dividing the "moiSture
equivalent! (M.E.} by the factor 1.84. This common factor may not be
applicable to all éoiiso ‘The moisture: equivalent 'is the best single
value determination for interpreting the moisture properties of soils
(99) .

The results reported by Peele and Beale (75) showed that the field
capacities of South Carolina soils can be predicted from the moisture

equivalent by the equation:

Y = 2,62 +.0.865 X
in which
Y = the field capacity

the moisture equivalent.
The regression.of wilting percentages by the plant method on .
percent of moisture, when soil is subjected to 15 atmosphere pressure

over a cellophane membrane was expressed by the equation:

I

0,99 + 0,97 X

wilting percentage

l

% of moisture at ‘15 atmosphere.

Retention '‘storage of water is affected by texture.  Lassen et al:
(63)-pointe& out that fine sand has a retention storage capacity of
0,5" in depth of water per foot of soil, For clay this capacity was
4,5",  Organic matter increased the storage by adding to theé surface
area in theé soil,

On the coastal plain soils it is often either a question of having

not. enough water or teo much. Lack of water may be. due -to light
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impervious clay or hardpan near the surface or excessive by .drained
sands (19},

Forest growth is better on grayling fine sand than on grayling
medium sand., Meisture release curves constructed for samples from
these two types of soils and for pure sand fractions separated from
samples showed that fine sand retained 10% water and the medium sand
soil retained 7% water by weight at field capacity; while both soils
retained equal amounts, 2.5% of water, at 15 atm temsion. Of the pure
sand fractions? very fine sand retained substantially more water at low
tensions . than did the larger fractions amounting to more than -five times
the -amount ‘of readily availsable water. The fine sand soil type
contained six-times the amount of very fine sand fragtion than did the
medium sand ‘soil type, 12% vs. 2% by weight. Thus; much of the
difference in water retentién between the two examples is attributed
to the very fine sand fraction, probably also accounting for much of the
difference in tree growth (109).

Soil meisture may also significantly affect the rate and suite of
cations exchanged from the scil to the plant roots;'sinCe:plant growth
is affe@te& by the availability of cations as well as by internal water
requirements, the amount of -cations exchanged'incréased'sharply”as.the
soil moisture increased. The increase in cation exchange at saturation,
when based upon that exchanged at the moisture equivalent, was seven
fold for Lakeland, five for Rustan, two for Richland, three for Crowley,
but only a 0.2 fold increase for Sharkey, Houston, and Gila series.

The: percentage decrease in.cation exchange at the wilting percentage,
when based upen the exchange at the moisture equivalent was 50, 65,

85 and 72 for Lakeland; Rustan, Richland, and Crowley, respectively,
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but enly 14, 19 and 257 for Sharkey, Houston, and Gila respectively.
The percentage of caleium and magnesium increased in the suite of
cations, while that of potassium and sodium decreased correspondingly
as the soil moisture increased. The Ca:K ratio increased from 60 to
266 over the moisture range, wilting percentage to saturation for the
Houston series, 10 to 60 for the Richland seriesé'but‘only«7 te 10 for
the Lakeland series. The ecation exchange-moisturegrelatidnships were
explained on the basis of the relative»abundance'and'contihuity of the
water films within the pore system of the soil that may effectively
serve as a medium for the diffusion of cations through the soil (11).

Total site evaluation is anrattempt to classify all the variables:
that affect site and plant species réquirements. Hodgkins (55) adds
"when one understands that a given site index for a given species may
occur on more than one site, he has taken a long step towards under-
standing the concept of total site classificatiocn. In total site
classification, site index is relegated to the status of one of many
attributes of the site, and is no lenger the basis .for classification?
This does not constitute a de=emphasis of the site index, but rather a
recognition that otheéer attributes of the site are also important. The
use of total site classification implies that research on forestland
and management of forestland, will be done ﬁith due.regard for all of
the significant attributes of the various site classes. Thus total
site classification becomes most. fundamental to an advanced and
intensive brand of forestry."

Studies of the characteristics of native vegetation and of 'soils
in relation to their environment have developed more or less

‘coﬁcurrently~in.this country. The\study of vegetation has: béen
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dominated to.a considerable degree by the philoéophy of Clements (88)
pﬁ the existance of discrete plant communities -and the convergence of
plant sUc@eSSioﬁ to a well defined climax type in response to climate,
Others modified this cdnceptvsomewhat-by.distinéuishing among climate,
edaphic, topographic, biotié and other factors resulting in the so
called "polyclimax concept as.opposed to the momoclimax of-Clements."
The difference between the two concepts is perhaps mostly a difference’
in,semanticsé since Clements esséntially accounted for these deviations
from climatic climax with his elaborate system of preclimax, post
climax, disclimax types, etc. (103).

The study of soil genesis and‘morpholdgy developed in.a manner
similar ‘to that of the study of structure?'successidn-and classification
in plant ecology.. Study of soil classification initially began in.
Russia in the late .19th century with- the work of DokuchoeV>(93)5 He -
emphasized climate as perhaps .the major -factor influencing séil
development although he:recognizéd the effécts of other factors such
as parent materialgvtopography and vegetation. The concept of zonal,
azonal and intrazonal seil had reference to .variation in soil
develepment with respect tb.géneral'climate much as Clements climax,
preclimax and post'climax for Vegatationv(Sl)é. It‘is'penhaps
significant that the work of both clements and Dokuchoev started in.the
chernozem prairie regions of the U.S.A; and Russia.

The basic idea and approach 'to the study of soil genesis and.
classification were ‘considerably clarified by the work of Jenny (1941),
He theorized that soil is functionally related”to five independent soil

forming factors by the following equation: .
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s'= f (cl, r, pr, o, t)

where o . .o
8 = soil properties:

¢l = the overall climate
p = initial staté of soil system i.e.
parent material at time zero .

o = organic matter or.the:-biotic factor
t = time

y = topographic effects.

The five factors may interact with ‘each other but ‘are independent
in the sense that one could .be varied without changing the others.
While the concept was. not entirely a new one (27), it did provide a
concise basis for quantitive study of soil development .by Jenny's. own
admission the equation will-probablyunevér'be conpletely solved.

Jenny's equation implies the“continuum concept with respect to
soils, although he does not use the term coﬁtinﬁum_ekpliéitlj (58).

He .and others have noted that .vegetation could be ‘expressed in .a similar
way. i.e, V - f (cl, r, ps 0, t) and here used the concept in studying
the relationship of vegetation and soils in space and timeé. The
arbitrary nature of soil classification seems to be accepted (90).

R The correlation procedure is .also represented by the functional
approach to the study of both soils and vegetation using the equation
SorVs=r¢f(cl, r, py 0, t) already defined, Jenny (57) Crocker .
(27), Major (70). These authors advocated the studying of the effect.
of -one independent variable on ‘the dependent (S or V) or holding all.
other independent variables constant and allowing the one of interest

to vary, thus defining a functional relationship or simplé regression
between .the dependent and. .independent variables. Klemedsen (61) carried
out a study of this sort by holding all factors constant except slope

and . aspect and thereby,defining a tépographic. The major difficulty
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in this approach is-the limited occurence of situations which allow
several factors to be held constant or nearly so (57).

Major (70) states that since sdilsrand»vegetation‘develop in
response to the same independent variables it may be concluded that
there are no universal correlations between their properties, that
one is not determined by tﬁe'othef, but that they develop consistently.
In response to this statement Crocker (27) maintains, quite logically
it seems that if they both develop in response to the same factors" these
obviously must be correlated correlations between.them, but no universal
correlation would be expected due to great possibilities for variation
in factor§ and time.

Regression methods are those used to determine the best functional
relation among the variables while correlation methods are used to
measure the degree to which the different variables are associated.

The resulting measure of correlation is usually called correlation
coefficient.

The conditions for validity of regreésion analysis are best
expressed in térms Sf‘thé models |

Y =X + Bx +€
Y
X

it

dependent variable
where -

[}

. = deviation X-x
-~ -
o, = are parameters

€ = the variable part of Y
In soil-site index regression studies -linearity, if not already
present, is achieved by means of mathematically transforming the
curvilinear regféséign to a linear form. The coﬁditién of random and
independent discrepancies is not mét, since this can be achieved

completely only through the replication and randomizatien procedures



33

of the careful experimentalv'desigl.nf(SS)vo The soil-site-index
regressions studies have not -employed experimental-destign-‘of course, but:
have'depeﬁded upon’ simple field surveys for their 'data. Published
soil-site index regressions studies revealed .that .the investigators-
involved have apparently been learning by experience,of~theée hazards
in the regression techniques. . Eérlierfstudie§~did cover large and:
ecologically complex areaéaﬁbut,later s;udieé havélbeeﬁ based upon.
samller and more ne_arly.uniformarea’.s°

The use of simple, partial .or multiple correlations coefficients
to express the rélatioﬁship between soils -and vegetation has been
advocated or used by many resedrchers as for .example, Cook (1960),
Stéward-and,Keller'(l936), Greig.SmitH-(1964)slMediana(1960); Geist -
(1966) and Box .(1961) (36).

The necessity .ef holding all independentlvariablesmconsfant‘except
one can be avoidéd -to seme extent by:the.uSexofimultiple‘regréssiona
In this method the effects -of several wvariables .and the covariance
between them can be taken into .account simultaneously’ (36). This
technique has been used to predict -the .growth .of plants from measure-
ment of -site characteristiecs (Coile, 1938, Median, 1960, Clalry, 1966,
and Geist, 1966).

Stepwise multiple regression analysis-is useful in determining.
the amount of variation that can be accounted for a’'set of independent
variableé and the relative importance of these variables. However,
caution must be exercised in interpreting the equation. Major (1966) -
pointed out that equations are only of predictive value. They- cannot -
be used with safety on data.of a different nature than the original

data from which they are derived; nor can biological conclusions be
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derived .from either magnitude or signs of individual coefficient$ in
the equation,

Foresters can profitably study experiénces in crop responses in .
agriculture to obtain leads on factors that might be meaningful in terms
of tree growth and their statistical and gfaphical,means of handling
the data.:

Bray (8) in discussing correlation of crop responses to fertilizer
additions, proposes a theoretical conceépt for a situation where two
different nutrient elements are inadequate. He suggests that yield,
expressed percentage-wise, will be the product of the sufficiency of
A times the sufficiency of B. He suggests.the concepflmay work for
available potassium, phosphorus, and magnesium, As ‘regards nitrogen,
he suggests plant-tissue téests ‘are probably the solution. He believes
the ‘"yield concept would not apply.to nitrate nitrogen and water;"
and he doubts whether general correlations can be found between :
exchangeable calcium and yield in a "normal, carbonate-free soil.
Bray's yield concept, as a product of -sufficiency of sevéral specific
nutrients, might apply to growth or .yield in-cerfain‘foreétvspecies, as .
long as the unit of yield was in terms of cords, board feet, or cubic
feet, but it is almost a foregone conclusion‘that'it-would.not-apply to
sité index, The first .three are volumetric expressions bagsed on thiree
dimensions. The last. (site index) is 'a one~dimensional expression -
based on height of the average dominant and codominant trees in feet,
and -a product of sufficiency approach to the nutrient problem would
no doubt produce excessive:penalitiesnagainsﬁ even moderate deficiencies

of phosphorus,. potassium, magnesium and calcium.
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Smith and Cook: (92) have cbtained high correlatien-of percentage of
full yield of wheat and available ph0sphorus'as-détermined~by.the Bray .
absorbed phosphorus method, using a 1:50 extractive ratie.  Correlation
coefficients "r'" ranged from 0.454 for Spurway .reserve phosphorus test,
to 0.534 for Spurway's -test for .active phosphorus, to 0.660 for Bray
absorbed phosphorus test. . Ulrich .(98) has-elaborated”Bray'g concept.
He refers to a critical zone as a\separatiﬂg.line,between zones of
luxury consumption and poverty adjustment. Foliar analysis is cited
as a means of detecting the relative nutritional status of .certain
plants, especially in orange, cherry, and apple.-

Close correlations of specific-soil tests with- each other are
apparently much easier to establish than is the cdse of crop yield.
and soil tests. At least the former appears to yield considerably
higher correlation coefficients. ..Chandler (14) shows a.very close
correlation between exchange capacity plotted over loss on ignition -
the former being about twice the latter when both are expressed as
percents. Lunt .(67) showed .good correlation of volume weight and
percent of organic matter. .

Coile (21) demonstrated the well-known correlation of.percent of
silt and clay and moisture equivalent. . According to Stoeckeler (92),
Kellogg found there is ‘a close correlation of base exchange capacity of
specific horizonS'(Az and BZ) with the percent "of -clay in a soil in the

Miami series.
Southern Pines

The rapid development .of forest management :in the southern United

States during the past.three decades has marked an important milestone



LIMIT OF NATURAL RANGE

REGION OF MAJOR IMPORTANCE

Figure 3. Range of Shortleaf Pine, Showing the Limit
of its Natural Range and its Regiocn of Major
Importance.

Source {46)
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in American forestry. Much of this progress has been directed towards.
the southern pines. A series of regression studies have been made
throughout the. southeast for the purpose of relating height growth and
sité indices to envircnmental factors for the .four major species of.

southern pines:-

1. Long leaf Pinus palustris Mill
2, Slash- ‘Pinus elliottii Engelm
3. Loblolly Pinus taeda L.

4,  Shortleaf : Pinus eChinata Mill

Shortleaf pine, is one of the four pine species commonly referred to as
southern yellow piné. It .comprises-about:1l/4 of the total volume of
pine timber in the south, which is shown'in..Figure 3. Its botanical
range extends from New Jersey to Texas .and Oklahoma, in some 22 states., .
Shortleaf pine is commeércially important in the-Piedmont.regiqn of .
Virginia, North Carolinay.South»Cérolina? and Georgia; in the northern’
portions of Alabama and Mississippi; along the western foothills of the
Appalachian Mountains in Tennessee, Kentucky and West Virginiaj and

in . eastern .Texas; southeastérn Oklahoma, and northwestérn Louisiana,

In recent years, shortleaf pine has-become an important planting species
in southern Indiana, Illinois and Missouri (46).

In the United States where most of the site index correlation -
studies have been made, -the .emphasis has been on"the physical properties
of the soil. profile, rather than the .chemical (76).  Soil properties
which mdy be significantly correlated with forest growth in one region -
may not be significant in another region because of differences, in
tree speciés, climate, length .of growing season, length of day or

action of other limiting factors (17).
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In a study of soils with highly differentiated profiles, derived.
from sedimentary rocks of triassic age, in the lower -Piedmont plateau
of Ndrth Carolina, Coile .(20) found that the site~index of shortleaf
pine was rélated to the texture and depth of the soil profile. Higher
sité indices were found where the texture vs. depth index of the soil
was on théiaverage between 4 and 6. On the average, this would
representéa soil with 13" of A'horizon and a B horizon containing 607%
silt and clay. Site index of shortleaf pine on these soils was 80
feet,

Turner (96) studies the growth of loblolly- and shortleaf pines as
influenced by soil properties on 222 plots in 22 soil types.of the
coastal plain region of Southern Arkansas. . However, soil measurements
were confined to-thickness of soil horizons in the profile, mechanical
composition and acidity. The various site ‘classes:were classified
qualitatively as follows::

i. Superior Sites: S, .I. 96 to 115 located in flood plains
of small streams: Fine sandy loam or silt loam soils

without marked profile development and with good intetnal
drainage.

ii. Intermediate Sites. S. I:. 76 to 95. Distinct profile
development surfaces soil shallower than for superior
sites. Some series are imperfectly drained.

iii, Inferior sites. S. I. 56 to 75. Shallow surface soil
associated with previous accelérated erdsion on slopes
from 5 to 20% and shallow surface soils on flat topography.
Both of the above conditions of shallow surface soil were.
ordinarily associated with sub-soil having a relatively
high clay content. Some soil profile with excessive
internal drainage belong to this group..

Frequent fires in loblolly .and shortleaf pine stands of the
Piedmont plateau reduce height growth of the trees (92).  On the basis
of soil and true measurements an unburned versus frequently burned

stands of. loblelly and shortleaf pines in the :Carolinas and Georgia,
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it was found that burning lowered the apparent site index. Statistical
results-showed that the effects of depth of the surface soil (xl) and
physical properties of the sub—soil‘(xg) were not influenced by
geographic location or burning, but the equation constant or level of:
the regression was significantly reduced by recurrent fires:

S.L. (burned) = 74,50 %+ 3,1 ~ 75 - 1939x9

L X
1

S»Ios (burned)

(57.12 + 3.1) = 45 = 1000x9

where

L = Loblolly pine

S =.Shortleaf pine
¥ = depth of strface soil
Xg = physical properties of sub soil "

An intensive study was made by Coile (20) with regard to the
relation between soil features .and the site index of loblolly and
sﬂortleaf—pines in the lower Piedmont plateau of North Carolina,

The study consisted of 53 plots in loblolly pine, 75 plots in shortleaf
pine and 23 plots in mixed stands 'of the two species. Nine soil "
varigbles were tested and theée data was first classified and analyzed

by three topographic position classes (1) ridges, (2) middle.slopes

and (3) lower slopes and bottoms. Four soil variables, all significant
at the lZ.level'ﬁére'foundpto be correlated with the site index and

the following regression equations were devéloped:

S Loy = 38.71 - 71 + 40.27 x, - 6.58x, = 1.17xg
X .
1 \
W oo I,D, .= -0 - - o ] o - N .
So.Tog = 80067 ~ 44 - 2.50x; - 1.08 - 1.19%

%



40

Although soil variables X, and x, were statistically significant

estimates of site index using the above equations did not differ

appreciably from the following equations:

S.I.. = 100.04 - 75 - 1,39 x

L X, 9
Se I.. = 77,32 - 45 - 1,00 x
» S =T 9

where -

S.I. site index of loblolly pine

L
8.1, = site index of shortleaf pine.
X, = Thickness of the A horizon
X, = Ratio of silt + clay to the M.E. of the B horizon.
| , 2
x, = Second power of X, (x2)
vx9‘= I:W. value of the B horizom.

On‘the‘basisvof‘stand and soil observations in.217 areas of even:
aged loblolly pine over 20 years of age in the Coastal Plain regions of
South Cérolina?'Georgia,"Florida and Alabama, Metz (20) found the
following s0il and topographic features to be signifiéantlyfcorrelated
with height growth of the loblolly pine:

1. Product of depth of A horizon and I. Ws
- value of the B horizon.

2, Product of depth of ‘A horizon and the silt content
of the B horizon.

3. Product ‘of ‘depth of A horizon and the clay content of
the B‘horiZon?

4, Degree of surface drainage that is well, imperfectly, or
- poorly drained.

The net-effect -of increasing the imbititional water value, silt -content

and depth to B horizon was positive with respect to height growth,
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Height growth was increased with decréasing surface drainage.
log (total height) = c - 6.97/age + (0.000420 (I.W. of B)+.
0.000021 (silt of B) - 0.000077 (clay of B) (depth of A)

where ¢ =2,0605 -for well drained soil”

c = 2,0729 for imperfectly drained soil

¢ = 2,0887 for poorly drained soil

According to Coilé (20) Gaiser reported the relationship between site.
index of loblolly pine and soil characteristics énd drainage of the
Coastal Plain region of Virginia, North Carolina and the N, E.‘part-of
South Carolina.  The following yariables were all significant at the

1% level and were found to affect the site index:.

1. Depth in inches of soil from the surface to the least
permeable sub layers.

2. I. W. water value .of ‘the sub soil.
The-equations were:

log (S.I.) - 1.692 + 0,110 (log depth + log I.W.) for good:
' ' ’ drained 'soil’

log (8.I.) = 1.715 + 0.110 .(log depth + log I.W.) for poorly
drained soil with plastic sub.soils.

log (S.I.) = 1,983 - 0,772 poorly drained soil with friable
depth sub soil.

According to Coile:(20) the effect ‘of soil properties and other factors:
on the growth of natural slash pine stands over 20 years of age was
studied by Knudsen, Soil and stand measurements were made on 231
plots in South Carolina, Georgia, Florida 'and Alabama. Twenty
independent variablés were tested as to their effects on height

growth, The soil variables were imbibition water values of the B
horizon, moisture equivalent of the B horizon, depth of A horizonm, -

mechanical composition of the A and B horizon, acidity (pH of the A,
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and ‘B horizons) and depth to mottlings. The only soil property found
to be correlated with site index of slash pine was the nature property
of the sub soil as reflected in its imbibition water value as follows:

log (S.I.) =-1.89153 + 0,0024423 (I.W. + 0.0071144 (T) )

where I.W. imbibitional water value of the B horizon

T. +1 for round trees -1 for turpentined: trees.

 The height growth of long leaf pine (P. palustri Mill) as
influenced by soil properties and other' factors was studied by Ralston
(77). Soil and mensurational data were .analyzed from 303 plots in’
well-stocked even aged stands .of this type in .the Carolinas, Géorgia.

and Florida. The equation for estimating height growth of 115 plots

on imperfectly and poorly drained soil was: -

log (total height) = 1.886 - 11020’xi + 136,0exi§+ 0;00244-x2.
+ 0.00191 x, + 0.000384 x, - 0.00072 x,
where“x1 = 1
age
XZ = . moisture equivalent'of -the sub soil in percent
Xy = depth in mottling in inches’
X, = stand dendity in number of stocked milacres
X = ' +1 for plots in the Carolina and -1 for Georgia and ..

Florida

Analysis of data from 188 plots on well-drained soils using the
same independent variablés that were tested for the imperfectly and
poorly drained soils with theé exception of depth to mottling resulted

in the folléwing growth equation:
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log (total height) = 1.915 - 11,11 % + 136.0- %2 +0.00118 x,

1 1

+ 0.000374 x, - 0.014 x, ~ 0,022 x + 0.008x,

where X1s X, and»x5 were the same as’mentioned previously

Xy = number of stocked milacres
x, = +1 for turpentine ttrees and ~1 for round-trees:
x6 = +1 for stand turpentined- in thefnorthxor’réund in.

and -1 for stand that is round in the north‘ or turpentined
in the south.

Well~drained soils supporting longleaf pine tend .to have-rather
uniformly deep surface soils. Here the only soil factor related to-
growth was . the physical nature of the sub soil, measured as the moisture
equivalent. Sub soils for 147 plots showed that their values were so
highly concentrated that either could be used for estimating, Y

(silt + clay of B horizon) = 2.34 (M.E. of B horizon).

A revision of the earlier work of Coile (20) on the growth of
pines in the Piédmont plateau region was made by Coile and Schumacher
(22) - Onenhuﬁdred and sixty additional plots were measured in this
physiégraphic:regiOn from North Carolina to Alabama.

The final regression equation for estimating site index of -

even-aged loblolly and shortleaf pines in the Piedmont region:

log (SoIo)L =v2¢01881~»00399.- 0w00843“x9‘—'0;0198
X, X

log (SQIO)S’

="1.8878 = 0.1580 - 0.00859.x ~.0,0408 +.0.0053 (L)

X ? X
1 9
where .
x. = depth of surface soil x, = imbititional water
1 9
value of the B
horizon

L. = +1 if the North and L is
-1 if the South
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The field tests of tree-site index .compared with seil-siter index -
methods indicatéd thete was no difference between these two methOds,
An interesting application of the relation between-soil profile
features and site index'of loblolly and shortleaf pines was made . for
correcting existing site curves. In-the lower age classes, that is,
stands ‘under fiftyayeérs.of‘age, using total height and ages of tfees
in the‘dominantannopyfiniconjﬁnction with conventional site class
curves for the'speciesf The site .index .estimates for young stands (10
to 30 years old).weresfoundvt0~be much higher than site estimates for
older stands on the same type .of soil.: Thié.led to .a conclusion that
existing site curves for :southern pines over estimate;site iﬂdex»
quality in young age classes. A correlation factor for existing site

curves of the two speéiesiwas developed having .the equation:

log = b, (1 -=1)
:j;' - oY@ o

where EL-é correction factor to be applied to existing .curves’
% = 8. I. estimated from curves
y.= S.I. estimated from soil’
1l = reciprocal of age.
A

An intensive study of the growth of shortleaf pine plantations in
relation to difference in soil properties was made in a small area of
Missouri by Dipgle=anijurnsj(35)4-TThenyound'that”site?quality for
shortleaf pine'was-strongly,related.t0~the;thickneSs pf the surface
horizon, and the percentage of clay of this layer. site quality as
measured by height growth was much better on soils with deep A
horizen rich in clay than on those with shallow A horizon containing

little clay or organic matter, The pH of the A horizon was inversely



related to site:quality. Sites with high organic matter and high pH
were poorest., Available moisture in the upper 3" was. not correlated
significantly with site quality. No constant relationship- of soil’
colour.fé'site'quality:cbuldfbe,establishedqv

Methods were developed .for estimating siteequalityaof land for
loblolly and shortleaf pines in.the Piedmont region based on-soil
characteristics alone by Coile .and Schumacher (21). Soil properties

that were significantly correlated with height growth were:

X depth of the .surface soil in inches

1
Xy = imbibitional water value of the sub soil "
for 16blolly pine = (S,Ia)L =100.04 - 75 - 1.39 Xg
1

for shortleaf pine = (S.Ia)s.= 77.32 - 45°= 1,00 x
, "
1

9

=
Il

loblolly pine

shortleaf pine
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Coile and Schumacher (21) obtained data on stands of both species,

i.e, loblolly and ‘shortleaf pine, and the soils that produced them in

other parts of tlie Piedmont region of North Carolina, South Carolina,

Georgia and Alabama.:. Soil factors tested were: .

1 where'xl =.depth of A horizon in inches.
- .
1
Xy = imbibitional water value.of the B horizon

Main factors tested were burning (B) and geographic: location (L)
Analysis showed for loblolly pine, depth of surface soil'(xl) and
imbibitional water value of the sub.soil”(xg) both to be highly-

significant but neither geographic location (L) nor the effects of

o
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burning . (B) were of any significance.

Final regression equation for estimating site index

log (SOIQ)ZL = 2,0188 - 00399 - 0.00843 (x9) - 0.0198
X Xy

For shortleaf pine the depth of surface soil (xl) and physical
properties of the subsoil, expressed as imbibitional water value (xg),
were high but significant.

log (SoIo)S =-1,8878 - 0;1580 - 0.00859 (x9) +°0.0053 (L)
X

The correlation between the growth of planted slashpine and soil
productivity throughout Florida was-studied by Barnes and Ralston (6).

Depth to a fine-textured horizon and depth to a mottled horizon
were highly significart. Additional relationships were developed
which showed how estimates of site quality can be used to prgdict
future yiélds of .cordwood for various'ages'and,spacing55  

Hodgkins (53) studied and tested the application'of‘sgii;sité
index tables of longleaf, slash and loblolly pine stands infﬁaldwingfa
Eécambiavand Monroe counties in southwestern Alabama. The soil—sité4
index tables of long leaf, slash and loblolly pine stands of'higheéf
utility were designed for relatively small geographic.areas with uniform.
climates and distinctive soil conditions. Such tables can be of
considerable value on many areas where it is not possible to obtain’
reliable site indices.

Zahner -(108) atteméﬁéd to obtain'bgsic‘daté-frpm which a method
for evaluating site quaiity for loblélly and shortleaf pine could be
estimated on upland and terrace sdils in Southern Arkansas and'nofthern'

Louisiana. Through regression analysis site index was related to sbil.
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and topographic variables. Soil factors that help to regulate soil
moisture and soil aeration were highly correlated with site index, On
mature upland soil with well-differentiated horizons, both loblolly-
and shortleaf pines were influenced similarly. As the thickness of the.
surface soil was increased up to a depth of 18" site quality also
increased. /Sitégquality decreased somewhat for deeper surface soil. -
Another soil variable significantly correlated was clay content of ‘the
subsoil. On immature soil with poor horizon development loblolly pine
site indQX'was associated with three fagctérs: 1. silt content of the
surface soil, 2. silt + clay content of the sub soil, and 3. surface
drainage. |

Row‘(82),predicted the height growth of slash pine planations on
0ld field sites in the sand hills of North and South Carolina.
Statistical analysis demonstrated -that height of 'slash pine céan be-
estimated for ‘their age and two soil variables: (1) depth to.a fine
textured horizon, (2) -thicknéss of the A horizon.

log height , = 1.987 - 5,941 1 + 0,008963 (thickness of A)
age

- 0.000004245 (depth to fine texture).
McGee (72) studied the relationship between soil properties and
site index of slash pine in the middle Coastal Plain of Georgia. The
soll properties found to be highly correlated with height'growfh were .

(1) the thickness of the A, .horizon and (2) depth to a fine textured

1

horizon, Site quality was increésed'asrthéﬁthickneés;of the Al horizon ™
increased. Optimum growth was.found on sites having a 28-30" dépth to

a fine textured horizon.
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Log height = .2.0058.-. 5.5907 (1 ) + .0.005968 (thickness of
age ° . the: A ‘horizon)

- 0,1445 ( 1) + 0.001837 (depth to fine
A " texture horizon)

1
~ 0.000032 (depth to finewtexture)2
Pegg (76) studied the relationship between site index of slash pine
and soil variables”in'East'Quéenland? . The soll groups studied were:
I, Well drained areas..
a. red earth residuals
b, lateritic podzolics
c. regosols-
d. miscellaneous soil seriés
II, Poorly drained areéas.
a, ground water podzols
b.  podzolic gléys
c. gleys
d. humic and humic gleys

Variables which were tested included the following:-

X .= height in feet of the original tree vegetation

X, = depth in inches to.the horizon of finest texture

'x, = depth in inches to thie horizon of finest to Hard pan.
xa = topographic position.

XS = thickness in inches of the Al horizon-

x6 = clay colors

X, = average annual rainfall.

Other independent variables which were tried without success were depth
to a layer of dense concretions, percentage conc¢retion in the layer,
species composition of the tree vegetation, colors.of horizon other than

clayandtot,al"PZO5° He developed a regressilon equation for each one



49

of the soil groups mentioned above.

Similar types of work have been doné with other forest tree

species. by many research workers. In brief this work is as follows:

1.

75

10.

11.

12,

- Red pine (Pinus resinosa Ait). Haig, (1929: Hicock et al,

(1931): Heiberg, (1941), White and Wood, (1958); Mader and"
Owen.’

Jack Pine . (Pinus banksiana), Arnéman, H. F,

Quacking Aspen.(Pinus tremuloides), Stoeckeler (1948),

Kittredge (1938),

" Black locust. (Robinia pseudoacacia)

Black walnutm(Jﬁg;ans,nigra L) Roberts, (1939) & Auten (1945).

~ Oak (Quercus Spp) Lunt, (1939), Einspahrand McCoémb (1951)

Youngberg and Scholz (1949) Locke (1941)
Cryseland Arend (1953); Doolittle (1957)
Trimble and Weitzman (1958): Carmean (1961)
Della - Bianca & Olson (1961),

,  Yellow poplar (Llrlodendron tullplfera L). Auten (1937 & 1945)

Della-Bianca & Olson
(1961)

Tryon, Beers &

Meritt (1960)

Douglas Fir (Pseudotsuga téxifolig) Gessel (1949) Hill et al,
‘ (1948):. Tarrant (1949);
Sehlots; Lyod and
Dg¢ardorff (1956): Carmean

(1954) .
Ponderosa Pine (Pinus ponderosa) Holtby (1960); Zinke, Cox .
McConpel &
Matthew (1960)
Livingston
(1949).

White Pine (Pinus strobus)Harold Young, (1954); Copeland (1958).

Redcedar -(Juniperus virginiana) Ledford (1951).

Pond Pine (Pinus scrotina) Hofmann (1949), Zahnex (1951).

Sand pine (Pinus clausa chapm) Barnes (1951),



CHAPTER IIIL
MATERIALS AND METHODS

Oklahoma ié’specially favorable for the study of vegetation since
it is a border state between the temperate north and the warm temper-’
ature south and between the arid west and the humid-east (28). It:
comprisés.an'area‘of‘approximately%70,000 square miles.  The highest
point in the state, about 4,500 feet above sea level, .is-in thé Black
Mesa area, in the nofthwestern.corner.of Cimarron. County. From this °
point the altitude decreases eastward and soutliward to a minimum level
of somewhat less than -350 .feet in -the extreme .southeastern corner of
the state (7). The climate of Oklahoma is .of the continental type,
with pronounced seasonal and .geographic ranges in both. temperature. and
percipitation. Western sections .of .the state are cooler and drier;
in ‘the east showers are more frequent because of the higher frequency
of moisture in the atmosphere. - The annual precipitation varies from
more than 50" in the northeastern part of McCurtain County, in the
extreme southeastern part ‘of the state to only slightly more than
17" in Texas and Cimarron counties, both in the Panhandle. Snowfall
also varies g?eatly; with averages ranging from less than 3" in the
extreme southeastern section to more than 20" in the extreme western
part of Cimarron County. . The mean .annual teémperature:ranges from 63.9°F
at Idabel, in the extreme southeastérn .corner of the state, to

o : . : . .
53 F at Boise City, in the western part .of the Panhandle,

50
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"Température of'lOOpF'or higher may be expected in Oklahoma
from June to September,while;maxima of‘gboF or higher are of record in
January, February and November. While killing frosts or freezing
temperatures‘have‘occurred as. late as May lst in all ‘parts of the state,
they are not to be expected .in the southern section later than the
first week in April, and net :later than April 15~20- in ‘the northg The
average length of the growing season varies from 180 days in: the western
part of Cimarron County to 240 days in the extreme southeast. Oklahoma
has wide variation :in precipitation and heavy to almost torrential rains
occasionally occur.. Falls of more than 10" over 24 hours are recordéd
at a number of stations in scattered localities. On an: average 75% of
the anﬁual'parcipitation occurs during the growing season, March to
October, inclusive. Rains ‘are most general and abundant during the
spring and early summer. In late summer .and early fall there ‘are more
local and often uncertain rains in the western part of the state.
However, general rains frequently began again during September and
October, thus conditioning the soil for the seedling and germination of
winter grains- (7). - Climatic conditions in Oklahoma in brief is -
presented in Table L

The three sections of the state listed have unique topographic
features which influence the development of natural vegetation:

1. Panhandle. |
2... Western Oklahoma.
3. Eastern Oklshoma. (Part of S.E. Oklahoma contains the Gulf
Coastal Plain)..
Residual native vegetation is grasslands in'th;‘westefnwpaft and

forest in the eastérn portion (28), Figure 4.
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TABLE I

CLIMATIC CONDITIONS IN OKLAHOMA

Oklahoma: average precipitation at selected stations
Least rainfall Most rainfall

Station Month  Inches Month Inches

Altus Jan. 0.7 May 3.5

Boise City Jan. 0.3 June 2.6

Idabel Sept. 2.5 May 5.4

Miami Feb. 1.5 June 5.7

Okla. City Feb. 1.1 May 4.8
Woodward Jan, 0.7 May 3.5

From Morris (1953)

From Morris (1953)

- Oklahoma: average temperatures at selected stations

Average Low Average High

Station Month  Temp. Month Temp.

Altus Jan. 40.7 July 8u4.1

Boise City Jan. 33.5 July 77.2

Idabel Jan., 44.0 July 82.4

Miami Jan. 36.0 July  81.4

Okla. City Jan., 37.86 July 80.6

Woodward Jan 36.1 July 82.4

Precipitation (Inches)

At 0.C, 0.Cm%
A. Eastern, i1 Spring, 10.31 13
B. Central, 35 Summer, 9.20 33
C. Western, 26 Autumn, 8.06 29
D. Panhandle, 19 Winter, 4.10 25

Tempreature (Frost-free season)

A. Southeast, 250 days
B. Central, 223 days
C. Northwest, 180 days

Killing Frost, 0. C.

A. Last in spring, March 30 (as of 1956)

B. First

Wind

in fall, November 6 (as of 1956)

A. January, February - North
B. Other months - South
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Total annual

rainfall

25.
16.
Wy,
43,
31.
25.

Average
Annual

62.
Sk,
63.
59.
59.
59,

P-E ratios

90
80
60
40
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The area studied is.locaﬁedain'the extreme southeagtern corner of
Oklahoma,in the civinity of Brokeanow in McCurtain County, shown in
Figure 2. It is bordered on the east by Arkansas, on the south by
Texas, on the west by Choctaw and Pushmataha .Counties, and on ‘the north
by Pushmataha Leflore Counties.

Mchrtain County'has‘a warm humid climate., In winter the temper-
atures are generally mild, there being only occasional short periods
of severe cold and almost no -snow. In summer some days are uncomfort-
ably hot and there are many. warmwnightsiu-Precipitation:genérally
exceeds the'losses by evaporation and plant use, résulting in a moist
subsoil and_additidns to the ‘ground water, . Severaluyearsfof~average or
above average rainfall may. be followed by several dry years during which
soil moisture is deficient. - The annual precipitation has ranged from
28,72 to 73.37". Average annual-precipitation ié‘46“"and.about‘60% of
the total annual precipitation occurs in the months of: December through
May. . January'has"the lowest average temperatire and July and August
have the highest. The average annual temperature at Idabel is about’
64040F, which is about 3.8°F above the average for -the: state. The
average number of days betWéen.the~lastAkilling.frostﬁin the spring and
the first killing frosﬁ~innthe,£all;-for:theuperiodaof.record is about:
229 days. The last killing frost generally occurs late in March, but
has ranged from March 7 to April 19. The first frost in the fall -
usually occurs in the lattér -part of November, but has: ranged from
Octéber 8 to November 23. . This data is shown in Tables III and IV.

The Red River is a perennial stream Qith.a'wide;'relatively
shallow channel having a low gradiént and a large sediment ‘load. The

. low gradient and a large sediment load have resulted in - intricate



TABLE 1II

GENERALIZED SECTION OF ROCKS EXPOSED IN
SOUTHERN MC CURTAIN COUNTY, OKLAHOMA

System

Series Group Formation  Thickness
(feet) Lithology and water-bearing properties

o Gravel, sand, silt, and clay on the present and old flood

g plains of the Red and Little Rivers and their

o Alluvium - 80 tributaries. Yields hard water to domestic and stock
ol ~ : wells; probably capable of yielding several hundred
% g ~gallons of water per minute in some localities.

© -
g Q Unconsolidated gravel, sand, silt, and clay occurring in
3, e large and small deposits over southern McCurtain

S Terrace County; probably remnants of formerly more extensive

o deposits - 40 deposits; found mostly on higher ground. Generally

Q too highly dissected and drained of ground water to

a yield more than enough for domestic or stock use.

UNCONFORMITY
Ozan and

" Brownstown

g formations, - - Soft chalky marls and limestones with interbedded

© undifferen- calcareous clays. Yield only enough ground water for
@ iated domestic use.
3 .
3
‘% UNCONFORMITY
E ‘ .
= Gray cross-bedded sand, interbedded with gray and dark-
O H Tokio ~gray shale. Transmissibility generally low, owing to

3 formation - 595 clay and silt in formation. Probably yields less than

20 gpm.

1]



TABLE II — Continued

System Series Group Formation Thickness ]
‘ (feet) Lithology and waterbearing properties
Upper member mostly gray to brown cross-bedded quartz .
sand and sandy gravel. Lower member principally cross-
« H Woodbine bedded dark tuffaceous sand, red clay, and gravel
Q o formation 0 - 355 lentils. The formation is not a productive aquifer;
S most wells yield only sufficient water for domestic or -
E stock use. Quality is poor. :
° UNCONFORMITY .
(Includes Gray fossiliferous limestones and caleareous dark-blue
3 Kiamichi shale: thins eastward. Contains relatively small
a formation of amounts of water of poor quality in solution openings
s Fredericksburg and cracks in the limestones.
= group) 0 - 235
wn
D o
Q S ) Thin-bedded dense limestone at the top; soft chalky and
< E 5 massive limestone in lower part. Entire formation
0 o @ Goodland 25 - 130 fossiliferous. Does not yield much water to wells.
e © S limestone Water is of poor quality
S
D
&
UNCONFORMITY
) Mostly quartz sand with some interbedded clay and a few
3 2 iy shaly limestone lentils. Contalins large amounts of
3} o 2 - Paluxy ground water. Maximum reported yield about 260 gpm
= ! b sand 0 - 900 from a municipal well at Valliant. Probably could
o 3 £ supply sufficient water for irrigation in some areas.
O

© 94



TABLE II — Continued

Thickness

System  Series Group Formation
: (feet) Lithology and water-bearing properties

Water is saline southwest of Idabel and east of Idabel
south of thtle River.

n

3 2 > Glayey llmestone, blue-gray;graysthins westward. Contains

& o ‘3 De Queen 0 - 190 a small amount of water along beddlng planes; wells

= o 0 limestone in it have small yields, which are quickly exhausted.

Gravel, mostly interbedded with silt and clay; thins
Holly Creek 0 - 1,070 westward. Yields little ground water to wells,
formation ~generally only enough for home and stock use.

UNCONFORMITY

(Source 29)

LS



TABLE III

AVERAGE MONTHLY TOTAL PRECIPITATION AND DEPARTURE FROM
LONG TERM MEANS AT IDABEL,MCCURTAIN COQUNTY, OXLAHOMA

YEAR | JANUARY FEBRUARY MARCH APRIL MAY JUNE

=

3 g 8 g 3 g

e e — paar M [

- z s | s | : :

= jan) = o) — jan) — [as) — o) - )

o, = o, j o, & o, B I j o, .

— 3.4 ] [a'4 — a4 ] ; — o, R = v,

Q <G Q < Q <G Q < Q <q &} <G

B £ ~ & . % & & & 3 o £

eV _ A o¥ [&] o™ A [s9 [&] (=4 [} = (o]

“1.956 1.63 -2.66 "] 6.71 2.95 2.08 -2.06 3.55 -1.71 2.62 -3.79 1.37 —2;05
1357 4.91 0.62 L.68 0.92 8.32 4.18 14,34 9.28 12.41 6.00 4,77 1.35
1.958 2093 -1.36 l.QH -2.72 6.26 2.12 7.03 1.97 6.80 0.39 2,63 -0.79
1959 0.63 -3.66 4.67 0.91 2.99 -1.15 2.79 -2.27 4,78 { -1.63 5,43 2.01
1960 4.13 - .16 2.96 -0.80 2.49 -1.65 2.82 -2.24 3.75 -2.66 5.30 1.88
1961 0.86 -3.43 3.44 -3.2 7.17 3.03 2.60 -2.46 3.11 -3.30 3.81 0.39
1962 3.56 - .49 5.32 1.52 3.85 - .34 5.13 - .10 1.63 =4.72 7.17 3.67
1963 1.47 -2.58 43 -3.37 6.03 1.84 3.88 -1.35 1.60 7 -4.75 4,11 0.61
{1964 1.05 1 -3.00 3.97 A7 8.30 4,11 10.68 | 5.45 3.36 -2.99 1.63 ,.—1.87
1965 6.01 1.96 b.7 0.9 2.86 -1.33 7 2.03 -3.2 5.11 -1.2 1.3 ~2.2
1966 2.44 -1.61 L.7 0.9 0.65 -3.54 10.30 5.07 3.21 -3.14 .59 -2.91
1967 .39 -3.66 2.73 -1.07 2.30 -1.89 8.12 2.89 11.49 5.14 4,85 1.35
- 4
]

8¢



TABLE III — Continued

YEAR JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER ANNUAL

zZ = = = = =1 =

(@ (@] (@ (@ (@] (@ (@

= H H H H H =

e 2 & = - = £ = g &= £

E E E EJQ ?j E‘é ﬁ 24 [ 24 [ a4 [ a4

H ) H D H D e ] = D H ) H jo

oW [ [ [ o = [ £~ [a ] = oW = ol =

i [a4 H a4 H a4 H a4 H a4 H a4 H [a

] <q O E < O < (@) <q Q < O < Q <

jeu] s} [ 1 "~ [N s, [ s | E ~ ] ~ ] s |

a4 jm} a4 9] a4 i a4 ok} ok} a4 o [+ 4 o]

~ [an] ~ o ~ ] ~ ] [a W) [an] fa® A ~ [an]
1956 1.36 1-2.03 2,221 -0.11 0.291 -2.92 1.67 1 -1.37 4,56 0.83 2.671-1.08] 30.53}{-16.0
1957 0.66 1-2.73 1.821 - .51 7.11} 3.90 3.93 0.89 7.99 4,26 2.65] -1.30] 73.79} 26.86
1858" 6.62 3.23 5.41 3.08 4,87 1.66 3.21 | .17 7.28 3.55 0.92{ -2.83] 55.0 8.47
11959 13.14 9.75 1.55| - .78 2.16 1 -1.07 5.82 2.78 2.98 { -0.75 5.42 1.67 | 52.34% 5.81
1960 7.17 3.78 3.52 1.19 3.00)1 - .21 L.,52 1.48 2.84 | -0.89 8.33 4,581 50.83 4,33
i1961 7.33 3.9y 2.92 0.59 3.72 0.51 2.821 - .22 7.02 3.29 2.94% 1 - .81 | 47.74 1.21
11962 0.97 }|-2.82 2.98 0.56 7.82 1 u4.57 L.old 1.47 3.13 | - .83 1.27 1 -2.51 | 47.47{- 0.2
11963 5.73 1 1.94% 3.32 0.90 A1) -3.1y 1.94 1 -1.23 2.41 1 -1.55 2.331-1.451} 33.36{-14.13
1964 .67 1-3.12 5.55— 3.13 7.21 3.96 .197 -2.98 2.63 ] -1.33 1.11} -2.67 | 46.35}- 1.14
1965 1.63 }-2.16 2.18 | - .24 6.5 3.25 1.76 § -1.41 744 -3.22 1.17 { -2.61 1 35.99]-11.50
11966 2.81 }|-0.98 J- 5.17}1 2.75 3.31 .06 2.72: - U5 .61 ] -3.35 3.80 .02140.31}- 7.18
1967 3.84 .05 .571 -1.85 4,42 1.17 6.0.. 2.83 1.46 —2.50 5.31 1.53 1 51.48 3.99
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TABLE IV

AVERAGE MONTHLY TEMPERATURES IN DEGREES F AND DEPARTURE FROM

LONG TERM MEANS AT IDABEL, MC CURTAIN COUNTY, OKLAHOMA

YEAR JANUARY FEBRUARY MARCH APRIL MAY JUNE

| g | i ' 1

I - . 2 " 2 . & " 2 .

[ [ o B o = £ o I

<g = <q D < =) < = § D <t 2

%4 £ o B 7, B 7, B B P/ [

LI - LJ a4 L o L3 , L3 , . [

o <t o < o <G 0, < o < ol <

= | & | B z a | & 2 E 2 z 2 &

ﬁi E 'E. [ B a [ a [ a B a
1956 41.5 -2.9 49,2 1.6 54,9 | 0.3 62.5 -0.8 74.1 4.0 79.3 0.7
1957 42.5 -1.9 53.3 5.7 51.3 "3'3} 62.0 -1.3 71.0" 0.9 77 .6 fi.o
11958 §41.9 —2;5 1.4 -6,2 49,2 -5.4 61.1 -2.2 70.8 0.7 78.5 -0.1
1959 §2.5 -1.9 46.9 -0.7 53.7 -0.9 61.9 -1.4 73.5 3.4 77 .2 -1.4
1860 43.1 -1.3 41,6 | -6.0 44,9 -9.7 64,8 1.5 68.6 =1.5 77.2 ~1.H
1961 40.5 -3.9 46.8 -0.8 58.0 3.4 60.1 -3.2 69.2 -0.9 74.5 -4.1
1962 - - 52.0 4.6 531.4 -2.6 60.9 -2.3 73.3 3.0 76.1 -2.4
1963 36.0 -8.1 43.3 -4.1 59.2 5.2 | 66.5 3.3 72.2 1.9 79.6 1.1
1964 qu.,7 0.6, { 43.9 -3.5 54.6 0.6 65.9 2.7 72.5 2.2 78.1 -0.4
1965 4,2 2.1 47,0 | -0.4 45.9 -8.1 68.3 5.1 71.9 1.6 77.3 ~1.2
1966 39.2 -4.9 ny,2 -3.2 55.4 1.4 63.1 - .1 69.0 | -1.3 75.2 -3.3
1967 45.9 1.8 45.5 -1.9 62.3 8.3 66.5 3.3 69.3 -1.0 79.1 .6
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TABLE IV - Continued

YEAR JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER ANNUAL
z 2 Z 2 2 2 = |
= & £ & 3 & 3 & E & 3 & = 2
<G jn] <G jan) < jn] <G jn] <G ) <G jn] < jn]
14 E= s > 14 = [0 = 0 £~ [0 B [0 £~
5] a4 3 o 5] 2 £ a4 £ ~ £ ~ £ o
<] <G 2] <q 23] < <o) <q o] <q 28] <q 8] <q
= ol = falt = 2y = [ah = ol = ol = ol
4N ] 1 ] 8] |Sn} M L L o] 5] o8] £ o8]
= a = a B~ =] = =] B ] B o] = a
1956 85.5 3.2 84.5 | 2.1 76.6 0.9 68.2 2.8 50.5 -2.2 4g9.8 4.5 B4.7 1.2
1357 84,1 1.8 81l.4 -1.0 72.8 -2.9 60.2 {-5.2 1 51.3 1-1.4 49.9 L.o 63.1 -0.4
1958 82.0 -0.3 81.8 ~-0.6 | 76.6 0.9 BL4.2 -1.2 55.1 2.4 42.3 -3.0 62.1 -1.4
1959 79.5 =2.8 80.8 -1.6 75.6 -0.1 64.8 -0.6 47.8 -4.9 4g.1 2.8 62.7 -0.8
1960 80.3 -2.0 80.3 -2.1 76.5 0.8 66,3 0.9 55.6 2.9 §1.1 -4.2 61.7 -1.8
1961 78.7 -3.6 78.5 -3.9 4.7 -1.0 BH.7 -0.7 - 1 - v - - -
1962 81.3 -1.0 82.1 -0.2 75.1 -0.6 67.3 2.0 {1 52.4 -0.2 45.4 -0.1 -
1963 80.8 -1.5 82.1 -0.2 75.8 1 0.1 70.9 5.6 57.8 5.2 38.3 -7.1 63.6 0
1964 | 84.3 2.0 83.1 0.8 7.3 -1.4 62.9 4-2.4 57.6 5.0 46.0 0.5 64.0 0.
1965 82.8 0.5 80.7 -1.6 75.7 - 63.3 -2.0 59.9 7.3 48.7 3.2 64.0 0
1966 82.7 0.4 77.9 -4 4 - - o61.4 1-3.9 58.3 5.7 43.5 -2.0 -
1967 78.3 -4.0 78.9 -3.4 71.5 4.2 B64.5 - .8 52.6 - 45.7 0.2 63.3 -
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stream meanders over a wide alluvial plain. Ox~bow:-lekes- and marshy
areas are numerous and- the- river may- annually fleed: thousands of acres.
Little River is a perennial stream with steep mud banks, a sand and
gravel stream bed, and heavy timber on the bottomlands. Other
perennial streams are the Mountain Fork River, Glover, Yashau and
Lukfata Creeks, which flow into the Little River from the north, and
Norwood, McKinney, Waterhole, and Clear Creeks, which flow into the
Red River,

Southern McCurtain County is in the dissected Gulf Coastal Plain,
The north boundary of the Province is the north edge of the outerop
of the Trinity group of rocks. The northern part of southern McCurtain
County is characterized by a rolling topography devéloped by differ-
ential erosion of the sands and clays of the Trinity group and overlying
terrace gravels. In the Southern part of the area, from about the
latitude of the Little River, south to-the alluvium and terrace deposits
of the Red River,vthefgeneral dip pfvthe rocks is southward, locally
interrupted by gentle folding.  The>alternation of resistant and weak
strata'producés'a "stairétep" tbpoéraphy,‘ The limestone and other
resistant beds form northwafd—facing escarpments and gentle slopes to
the south. Local relief in most places does not exceed 100 feet and
generally is much less. Little River crosses about midway of southern
McCurtain County flowing eastward, and Glover-Creek and' Mountain
Fork River flow into it from the north.

Red River, flowing soutlieast froms the south boundary of the
county. Alluvial plains on these streams range in width from less

than a quarter of a mile to about five miles. A high
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terrace -deposit; ranging in width from half a mile to about four miles,
and about.20 miles long, borders the north edge of the Red River.
alluvium.in the southeastern part of the area.

The bedrock exposed in ‘southern McCurtain County consists of
sedimentary rocks of the Comanche age and the Gulf series of the
Cretaceous system. The oldest formation is. the Holly Creek, which is
overlain by.the De Queen limestone and Paluxy sand, all of the Trinity
group. These outcrop in  the northern part of southern McCurtain County.
Above them, from oldést’to youngest, are the Fredericksburg and Washita
groups, which outcrop as east-west bands south of the latitude of the
Little River. The Trinity, Fredericksburg and Washita groups constitute
‘the Comanche series of rocks in this county.  The Gulf series, overlying
the Comanche, consists of the Woodbine formation at. the base followed
by the Tokio formatiom. The ozan and Brownstone formation,
undifferentiated, outérop in a small area in the southeastern part of
the county.

The'regidnal'struCtureuof the Crétacéous“rocksfin McCurtain County
is a southward dipping homocline, the maximum dip of whichfis>abéut 100
feet per mile. The comanche series 1s separated from .the underlying
rocks by .a profound uncenfirmity. . They are separated from .the adjacent
upper cretaceous (Gulf) rocks by an angular uncenformity whosé plain .
truncates all the several formations. of lower Cretaceous (Comanche) age,
the youngest imr Oklahoma and the oldest in Arkansasf Generalized
section of rocks exposed in Southern McCurtain County is furnished in’
Table 1I.

In McCurtain County the upper part of the Comanche.series is

represented by the Washita group. The erosion that caused the eastward



64

thinning of the Washita marks the end of the Comanche epoch. The
contact between the Washita and the overlying Woodbine formation marks
a plane of uncenformity. The local differences in thickness of the
Washita group dbﬁbtless are partly due to unevenness of the eroded
surface, even though that gurface may have approximated a peneplain,
The differences;may be due partly to the influence of minor folding
during the period of eresion. The quartz veins in their rocks
apparantly were covered as late as Woodbine time. Some sites in.
northern McCurtain County have a covering ofiveinéqﬁartz.of pebbles
possibly derived from the,Ouachita-MoUntains.‘ Erosion has worn down .
and removed the sediments to create:the present topography. During
thié period of erosion the quartz veins were uncovered, and they
supplied much quartz to make up the matrix of the terrace gravels which
are widespread throughout southern McCurtain County (29).

Oklahoma's forested Coastal Plain is a part of the broad Gulf
Coastal Plain of the U.S.A. The Coastal Plain is the major physio-
graphic problem of the south half of McCurtain County. The Ouachita
Highlands tower over it to the morth. The plain rises from 350 feet.
in the southeast corner of McCurtain to over 700 feet in its western
extremity, Local relief is seldom greater -than 50 feet, but ‘the sandy
areas are much dissected and short, steep slopes are common. Surface
drainage is toward the Red River to the south. Major streams have '
rather low gradients and consequently occupy fairly wide bottoms. Small
stream coﬁfses'are short “and narrow.

The weakly consolidated sediments of the forested Coastal Plain are:
generally considered to havekbeeﬁ deposited as a series of marine

terraces with a gentle inc¢lination to the south. Sands and sandy clays
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are dominant in the forested part; however, there are beds of limestone,
marls, and clays in the central part that support only tall grasses.
Successive iayers were deposited in a receding sea, leaving exposures

as narrow east-west belts. These belts parallel former beach lines

that devéloped as the sea regressed and moved outward towards the
present Gulf, -

The Gulf Coastal Plain land surface was formed during several
periods of submergence since Cretaceous time, Material was carried
down by regional drainage from the -older mainland on the north and
was deposited as horizontal beds of clays and sands in the former
shallow coastal waters. Successive uplifts exposed these marine beds
and erosion has long since dissected and transfigured the terrain. From
this land forﬁ has developed the gentiy rolling hills of the uplands
and the flat terraces along major streams. The forested Coastal Plain
soils are red-yellow-podzolics., Theydare strongly leached and strongly
acid. Intensity of leaching lessens from east.to west, and the sandy-
soils of the western part have much in common with the cross timbers
(43) soils to the west.

In the U.S.A., the red-yellow-podzolic soils have been formed from
granites, gneisis, schists, sand stones, shales, limestones and various
unconsolidated sediments. All of these parent materials contain
appreciable quantities of quartz or its equivalent in the sand and silt
fractions ‘and most of them are relatively low in. calcium (87).

Analysis of the clay of fine red and yellow podzolic solls indicated
60-90% Kaolinite, 10-20% hydrous mica, 8-15% free iron oxides (1).

Analysis of the Coastal Plain and adjaceﬁtusoils‘region of

southeastern United States indicated that the clay fraction of their



soils of this region, - Kaolinite, while dominant in  a few more highly

weathered soils, is present in .lesser amounts than had: been generally

thought in soils of rather wide occurrence in the region (23).

For eastern Oklahoma?Duck-and F1etcheradescribeditheAfollowing

vegetation types (28),

1,

3n

T
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Tall grass praire

Dominants: Little bluestem (Andropogan scoparius),

Big bluestem (Andropogan gerardi),

Indiangrass - - (Sorghastrum nutans),
Switchgrass (Panicum virgatum).

Post ‘oak-black jack

Dominants: Post oak ... . .(Quercus stellata) .
Blackjack - . (Quercus marilandica) '

Black hickory (Carya texana).

Oak hickory .

Dominants: - Black oak ... . .(Quercus velutina) ...

Spanish oak - (Quercus falcata) .

Mockernut hickory (Carya tomentosa).

. Oak pine

Dominants: Shortleaf pine .. . .(Pinus echinata). .

Loblolly pine hardwood

Loblolly pine o - (Pinus taeda)
Water oak ' - (Quercus nigra)
Spanish oak e (Quercus falcata)
Mockernut hickory , (Carya tomentosp)

There are sevéral forest communities in the bottomland

including oak-maple, redgum-oak, elm—ash~hackberry,

67
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‘cottonwood, willow-salt cedar and bald cypress.
Field Procedure

Site Selection

The plots were located irrespective of soil series or phase,
slope position or aspect in a zone of similar topography.and climatic
condition. One;tenth acre plots were selected because of the extreme
variability in site quality and rapid change in .soil characteristics
over a.small area.

A portion of the plots studied by Wilson (113) on upland topography
were used in. this study. Also included were a few plets at toe-slope’
or intermittent stream terrace-border positions. Plots were chosen as
long as they had a black gum-white oak or higher ordér.plant

associlation.

Vegetation Tally

All plants on the plot over 4.5 feet in height were tallied.
Those plants over 3.6" in diameter at breast 'height (d.b.h.) were
tallied by species, vigor"class.and“crown,claSsn»Regenéfation of 0.5
to 4.5 feet in height was tallied by species on eight 0,001 acre sub
plots located 20 feet from the plot centre, .at 45 degree intervals
clockwise from north.

Plant frequency was rated for each species as predominant if
several plants occured in. each qf the four quadrants of a plot. A
common frequency rating required a tally of at least one plant. in each
of three quadrants of a plot. When stems occured in only one or two

quadrants the species was given a scattered, frequency rating.
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The actual site index of each plot was detérmined by extrapolation
after plotting mean values of height over age for three sampled pine
trees per plot on adjusted shortleaf~pine site index curved by Coile
and Schumacher’(475} Age was estimated from increment borings made at
six inches above ground level. Annual rings were counted and one year

was added for total age.
Morphological Studies

One représentative soil profile in each plot was studied.. Soil,
samples were collected by horizons. Prior to sampling, each soil

profile was described using standard classification nomenclature,
Laboratory Procedures

The soil samples which were .collected in-the field were brought to
the laboratory, air dried, ground to pass a 2 mm sieve, and stored for
analyses. Physical'analysié.conSisteduofLdeterminatioﬁ‘of the particle.
size distributidn'and"moiStufe release characteristics. The .chemical
analysis-cdnéiSted of the detérmination of cation exchange capacity and
exchangeable basés,.soil»pH,3nitrogen,.andzavailable nutrients.

Praticle size distribution was .determined by using a Bouyoucos
hydrometer (30).

Moisture confentsvon-afdrvaeight.basis.were.determinéd at tensiomns
of 1/3, 1, and 15 atmosphére,~mThe:difference between-the two values of
one-third atm aﬁd.lSuatm,.wasmuseduas,readily.availabléfmoisture holding
capacity (78). v |

The pH of soil'samples.wés_determinedﬂonmawsoilqdistilled water

paste and on 'a 1l:l mixture of soil and ‘1 normal KCl. The readings

were taken on a Beckman pH meter,
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The cation exchange capacity was determined by the standard’
methods (15, 79). The NH4OAC‘1ea¢hate was used for the determination
of exchangeable cations. Exchangeable hydrogen was détermined by barium
chloride triethanolamine of Mehlich according to' Chapman. and Parker
(15). .Exchangeable'calCium, magnesium, potassium and sodium were
determined with a'Beckman‘Model DU flame spectrophdtomefer;

Nitrogen in soil samples was- determined following the method of
modified micro Kjeldahl procedure (15, 79).

Available phosphorus was .determined by .a method ef Bray and Kurtz
(9.

Available potassium was detérmined by analysis of the ammonium
acetate extract with Du flame<sﬁectrophotometer'withrangoxyrhydrogen‘

and photomultiplier (73).
Statiétical Analysis

Regression 'studies were undertaken to study the relationship of
site index of.shoitleafmpineatomsoil.propertiesvbyﬂfollowiﬁg the
stepwise multiple regression procedure,

Simple linear correlation studies were also undertaken to measure
the degree of association .amongst soil propefties, and- forest tree
species, and between soil properties and forest ‘tree species.,

The statistical analysis i.e. regression and correlation data was
run ‘through 7040 FORTRAN Computer with BMDO2R, and BMDO3D program

respectively.



CHAPTER IV
RESULTS AND DISCUSSION

A number of climatic elements in addition to precipitation are
important in determining the distribution of vegetation, soil surface
features, and land utilization. They include temperature, evaporation,
insolation (sunshine), cloudiness and fog. Those of greatest signifi-
cance are precipitation evaporation and temperature.

Climate plays a great paft in soil genesis. The major differences
between soils are due to the effect of climate operating through soil
forming processes, This is partly due to the fact that direct influ-
ence of climate on soil formation and partly to the fact that soils are
strongly influenced by vegetation which in turn is related to

climate (7).
Morphology

Twelve plots were selected for specific plant groups for this
investigation. The ratios of plots by different soil series is shown
in Figure 6, Location of soil profiles is summarized in Table V. The
soils included in this study represent four soil types, namely Bowie
fine sandy loam,; Goldsboro loam, Herndon loam and Myatt silt loam.

The profile in each plot is studied and described as follows:
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A BOWIE FINE SANDY LOAM
| : GOLDSBORO LOAM |

: HERNDON LOAM

MYATT SILT LOAM

Figure ?Q fDiffgrgnt Soi;»Types in Study.Arearb-
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TABLE V

SHOWING LOCATION, CLASSIFICATION AND SOIL TYPE OF SOIL PROFILES

S. No. Plot Number Location Classification Soil Type
1 66-5~-367 - S. E. Corner Sec. 6, T6S, R27E | Ultic paleudalf, coarse-loamy, Bowie fine sandy
(S.E. CFI 156) mixed, thermic. lcam.
2 66~-5-371 110 yds. N.W. of S.E. corner Typic paleudalf, fine-loamy, Bowie fine sandy
Section 31, T5S, R27E. mixed, thermic, loam.
3 . 66-8-375 600 ft. South of N.W. corner Typic paleudalf, fine-loamy, Bowie fine sandy
‘Section 14, T6S, R25E along mixed, thermic. loam.
Highway 70. ,
i 66-5-387 N.E. corner SE % Section 24 Ultic paleudalf, fine-loamy Bowie fine sandy
T6S, R26E. mixed, thermic. : loam.
5 66-5-392 N.E. corner Sec 23, T6S, Typic paleudalf, coarse-loamy, Bowie fine sandy
R26E. mixed, thermic. loam.
8 67-5-805 200 ft. East, 300 ft. South Ultic paleudalf, fine-loamy, Bowile fine sandy
N.W. corner NE % Sec. 30, mixed, thermic. loam.
T6S, R27E. _ _
7 66-5-358 C.F.I. 157 110 yds. N.W. of Aquultic paleudalf, coarse- Goldsboro loam.
Sec. 1, T6S, R26E. loamy, mixed, thermic.
8 66-5S-379 S.W. corner, SW % Sec. 8, Aquultic paleudalf, coarse- Galdsboro loam.
T6S, R27E. loamy, mixed, thermic.
9 67-5-808 S.W. Corner SE % SE % Sec. 13, Ultic paleudalf, fine-loamy, Goldsboro loam.
T6S, R25E. mixed, thermic.
10 66-5-350 N.W. corner Section 33, T4S, Ultic Hapludalf, fine-loamy, Herndon loam.

R27E.

mixed, thermic.

€L



TABLE V — Continued

'S. No. Plot Number Location Classification Soil Type
11 66-S-354 S.E. corner Section 32, Ultic Hapludalf, fine-loamy, Herndon loam.
T4S, R27E. mixed, thermic.
12 66-5-383 110 yds. N. W. of S.E. corner Typic Ochraquults, fine-silty, Myatt silt loam.

Sec. 29, T6S, R27E.

Mixed, thermic.

WL
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Plot No. 6 66-5~367

Classification: Ultic Paleudalf, coarse-loamy, mixed thermic
S0il type: Bowie fine sandy ioam

Location: SE corner Section 6, T6S, R2TE (SE CFI 156)
Vegetation: Shortleaf pine, white oak, Red and black gum
Slope: Footslope of SE facing 3% gradient

Parent Material: Regolith of thick beds of unconsolidated sandy clay
loam, sandy loam and sandy clay.

Typifying Pedon:
(Colors are for moist conditions)

0l 1/2 ~0"  Decayed forest liter

Al 0--U" Very dark grayish brown (10YR 4/2) loam weak fine
granular structure; soft, very friable; many roots,
pH 4.4, clear smooth boundary.

A2 h-12" Yellowish brown (10YR 5/4) loam; weak fine granular
structure; soft, very friable; many roots, pH 4.8;
clear wavey boundary.

B21t 12-31" Strong brown (7.S5YR 5/8) loam; weak medium granular
structure; slightly hard; friable few clay films,
many roots; pH U4.8; gradual smooth boundary.

B22t  31-u43" Brownish yellow (10YR 6/6) loam, with few fine faint
brown mottles and few prominent red mottles; weak,
medium subasngular blocky structure; hard, friable;
few roots; common fine pores; thin continuous clay
films on ped surfaces and in pores; few fine hard iron
oxide concretions and few plinthite nodules; gradual
boundary.

RB23t 43-.70"+  Prominently mottled brownish yellow (10YR 6/6) red
(2.5YR U/8) pale brown (10YR 6/3) and light brownish
gray (10YR 6/2) sandy clay loam; weak medium to coarse
subangular blocky structure; hard, friable; red mottles
are brittle nonindurated plinthite comprising 10 to 15
percent soil volume, thick continuous clay films on
ped surfaces; pH L.5.
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Plot No. 7  66-8~3T71

Classification: Typic Paleudalf, fine-loamy, mixed thermic

Soil type: Bowie fine sandy loam CFI 153

Location: 110 yds NW of SE corner Section 31, T5S, R2TE

Vegetation: Shortleaf pine, white oak, Red and black gum and red maple
Slope: Footsldpe of SE facing 3% gradient

Parent Material: Regolith of thick heds of unconsolidated sandy clay
loam, sandy loam and sandy clay.

Typifying Pedon:
{Colors are for moist conditions)

01 1/2 -0" Decayed forest liter

Al O~y Very dark grayish brown (10YR 4/2) loam weak fine
granular structure; soft, very friable:; many roots,
pH 4.8, clear smooth boundary.

A2 L.y Yellowish brown (10YR 5/4) loam; weak fine granular
structure; soft, very friable; many roots, pH L.8:
clear wavey boundary.

B21t  1lhi-24" Brownish yellow (10YR 6/6) sandy clay loam; weak fine
subangular blocky structure slightly hard; friable,
thin continuous clay films many roots:; pH 4.8; gradual
smooth boundary.

R22t  24-31" Brownish yellow (10YR 6/6) sandy clay loam; with many
coarse distinct yellowish brown mottles:; moderate
medium subangular blocky structure; hard; friable;
thick continuous clay films; few roots, many fine
pores, occasional fine gravel; pH 4.8; gradual smooth
boundary.

B23t 31-38" Brownish yellow (10YR 6/8) sandy clay loam with few
fine, faint gray (10YR 6/1) and coarse prominent red
{2.5YR 4/8) mottles, moderate medium subangular blocky
structure, hard, friable; common fine pores; thick
continuous c¢lay films on ped surfaces and in pores;
few hard iron oxide concretions and few plinthite
nodules; pH U4.4; gradual smooth boundary.

B24t  38-T0"+  Prominently mottled brownish yellow (10YR 6/6) red
(2.5YR 4/8) pale brown (10YR 6/3) and light brownish
gray (10YR 6/2) sandy clay loam; weak medium to coarse
subangular blocky structure; hard, friable; red mottles
are bright nonindurated plinthite comprising 10 to 15
percent soil volume, thick continucus clay films on
ped surfaces; pH L.5.



Plot No. 8 66-58-375
Classification: Typic Paleudalf, fine-loamy, mixed thermic
Soil type: Bowie fine sandy loam

Location: 600 ft. South of NW corner Section 14, TeS, R25E along
Highway TO0,.

Vegetation and Use: Mixed pine and hardwood forest, principally sweet
gum and white oak.

Slope: Gently sloping 1 to 3 percent gradient:; 480 ft. elevation.

Parent Material: Thick beds of unconsolidated marine sediments of
sandy clay loams, sandy loams and sandy clays.

Typifying Pedon: Bowie fine sandy loam - forested
(Colors are for moist soil unless noted otherwise)

0l 1-0" Decayed forest liter.

Al 0-5" Dark grayish brown {10YR 4/2) moist fine sandy loam;
weak fine granular structure:; soft, very friable; many
roots; slightly acid; clear wavy boundary. 2 to T
inches thick.

A2 5-14" Brown (10YR 5/3) moist fine sandy loam; weak fine
granular structure; soft, very friable; many roots:
medium acid; clear smooth boundary. 4 to 10 inches
thick.

B21t 1u~32" Yellowish brown (1O0YR 5/6) moist light sandy clay loam:
weak medium subangular blocky structure; hard, friable;
fine and medium roots; common fine pores:; thin continu-
ous clay films on ped surfaces and in pores; very
strongly acid; gradual wavy boundary. 8 to 20 inches
thick.

Bz22t 32-54" Yellowish brown (10YR 5/6) moist; sandy clay loanm,
common medium prominent red (2.5YR 5/6) and gray
(10YR 6/1) mottles; moderate, medium and fine sub-
angular blocky structure; very hard, friable; few
roots; common fine pores:; thin continuous clsy films
of ped surfaces; 2 percent by volume plinthite or
plinthite like nodules; occasional hard and soft iron
oxide coneretions; gradual boundary; 12 to 24 inches
thiek,

B23t 54-70"+  Prominently mottled light gray, red, yellowish brown
and strong brown sandy clay loam moderate medium sub-
angular blocky structure; very hard, friable; few red
mottles have brittle interiors when dry:; 5 to Y per-
cent plinthite or plinthite like nodules; very
strongly acid.
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Plot No. 11  66-8-387

Classification: Ultic Paleudalf, fine-loamy, mixed, thermic
Soil type: Bowie fine sandy loam

Location: NE corner SE 1/4 Section 24, T6S, R26E
Vegetation: Shortleaf pine, white oak, red and black gum
Slope: Footslope of SE facing 3% gradient

Parent Material: Regolith of thick beds of unconsolidated sandy clay
loam, sandy loam and sandy clay.

Typifying Pedon: \
(Colors are for moist conditions)

01 1/2 -0"  Decayed forest liter

Al o-4" Very dark grayish brown (10YR 4/2) loam weak fine
granular structure; soft, very friable; many roots,
pH 4.8, clear smooth boundary.

A2 L--Q" Yellowish brown (10YR 5/4) loam; weak fine granular
structure; soft, very friable: many roots, pH 4.8;
clear wavy boundary.

B21t  9-21" Brownish yellow (1CYR 6/6) sandy clay loam; weak fine
subangular blocky structure slightly hard; friable:
thin continuous clsy films many roots; pH L.8; gradual
smooth boundary.

B22t  21-33" Brownish yellow (10YR 6/6) sandy clay loam; with many
coarse distinct yellowish brown mottles; moderate
medium subangular blocky structure; hard; friable;
thick continuous clay films; few roots; many fine
pores, occasional fine gravel; pH 4,83 gradual smooth
boundary .

A'2 and B22t Brownish yvellow (10YR 6/8) sandy clay loam with many
33-38"  coarse prominent gray (10YR 6/1) and red (2.5YR 4/8)
mottles and few short columnar streaks of light gray
(10YR T/1); moderate medium subangular blocky struc-
ture; frisble; light gray streaks are stripped of clay:
clay films are present on many peds; few pitted iron
oxide conecretions and red interior plinthite nodules;
pH 4.Y, gradual irregular boundary.

B23t  38-70"+ Prominently mottled brownish yellow (10YR 6/6) red
(2.5YR 4/8) pale brown (10YR 6/3) and light brownish
gray (10YR 6/2) sandy clay loam; weak medium to coarse

"~ subangular blocky structure; hard, friable; red motitles
are bright nonindurated plinthite comprising 10 to 15
percent woil volume, thick continuous clay films on
ped surfaces; pH 4.5,
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Plot No. 12  66-5-392

Classification: Typic Palendalf, coarse-loamy, mixed, thermic
Soil type: Bowie fine sandy loam

Location: NE corner Section 23, T6S, R26E

Slope: Footslope of SE facing 3% gradient -

Vegetation: Shortleaf pine, white oak, red and black gum

Parent Material: Regolith of thick beds of unconsolidated sandy clay
loam, sandy loam and sandy clay.

Typifying Pedon:
(Colors are ror moist conditions)

01 1/2 -0" Decayed forest liter

Al 0-5" Very dark grayish brown (10YR 4/2) loam weak fine granu-
lar structure; soft, very friable; many roots, pH 4.8,
clear smooth boundary.

A2 S-14" Yellowish brown (10YR 5/4) loam; weak fine granular
structure; soft, very friable; many roots, pH L.8;
clear wavy boundary.

B21t 14-31" Brownish yellow (1OYR 6/6) sandy clay loam; weak fine
subangular blocky structure slightly hard; friable:
thin continuous clay films many roots; pH 4.8: gradual
smooth boundary.

B23t L5.60" Brownish yellow (10YR 6/8) sandy clay loam with few
fine, faint gray (10YR 6/1) and coarse prominent red
(2.5YR 4/8) mottles, moderate medium subangular blocky
structure, hard, friable; common fine pores; thick
continuous clay films on ped surfaces and in pores; few
hard iron oxide concretions and few plinthite nodules;:
pH 4.k; gradual smooth boundary.

B24t  60-T0"+  Prominently mottled gray (1OYR 6/1) yellowish brown
(10YR 5/4) red (2.5YR 4/8) and pale brown (10YR 6/3)
sandy clay loam; weak medium to coarse subangular
blocky structure; hard; friable; red mottles are
brittle nonindurated plinthite comprising 10 to 15
percent soil volume; thick continuous clay films on
ped surfaces. ©pPH 4.4,
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Plot No. 13  67-5-805
Clasgification: Ultic Paleudalf, fine-loamy, mixed thermic
Soil type: Bowie fine sandy loam

Location: 200 ft. East, 300 ft. South NW corner NE 1/4 Sec. 30,
T6S, R2TE

Slope: TFootslope of SE facing 3% gradient
Vegetation: Shortleaf pine, white oak, red and black gum

Parent Material: Regolith of thick beds of unconsolidated sandy clay
loam, sandy loam and sandy clay.

Typifying Pedon:
{(Colors are for moist conditions)

01 . 1/2 -0"  Decayed forest liter

Al 0--8" Very dark grayish brown (10YR 4/2) loam weak fine
granular structure; soft, very friable; many rocts,
pH 4.8, clear smooth boundary.

A2 8-15" Yellowish brown {10YR 5/4) loam; weak fine granular
structure; soft, very friable; many roots, vl 4.8
clear wavy boundary.

B21t  15-36" Brownish yellow (10YR 6/6) sandy clay loam; weak Tine
subangulayr blocky structure slightly hard; friable;
thin continuous clay films many roots; pH 4.8; gradual
smooth boundary. :

B22t  36-52" Brownigh yellow (LOYR 6/6) sandy clay loam; with many
coarse distincet yellowish brown mottles; moderate
medium subangular blocky structure; hard:; friable;
thick continuous clay films; few roots; many fine
pores, occasional fine gravel; pH 4.8; gradual smooth
boundary .

B23t 52-78" Brownish yellow (10YR 6/8) sandy clay loam with few
fine, faint gray (10YR 6/1) and coarse prominent red
{2.5YR 4/8) mottles, moderate medium subangular blocky
structure, hard, friable; common fine pores; thick
continuocus clay films on ped surfaces and in pores;
few hard iron oxide concretions and few plinthite
nodules; pH 4.4,



81

Plot Wo. 5 66~5-358

Classification: Aqualtic Paleudalf, coarse-loamy, mixed, thermic
Soil type: ¥Goldsboro losm CFI 157

Location: 110 yds. NW of SE corner Section 1, T6S, R26E
Vegetation: Shortleaf pine, white oak, red and black gum

slope: Nearly level 0-1% slope gradient (Edge of interm stream)

Parent Material: Regolith of thick beds of unconsolidated silty clay
loam, loam and sandy clay.

Typifying Pedon:
(Colors are for moist soils)

01 1-0 Decayed forest liter

Al 0-2" Very dark grayish brown (10YR 3/2) fine sandy loam;
weak fine granular structure slightly hard; very
friable; pH 5.8; clear boundary.

A2 2-5" Brown (10YR 5/3) fine sandy loam with few thin threads
of organic strains; weak fine granular structure;
slightly hard very friable; many roots; pH 5.8:; clear
boundary .

Bl 516" Yellowish brown (10YR 5/L4) loam with few fine faint
light brownish gray and dark brown mottles; weak to
moderate granular structure; hard, friable; pH 5.7T:
gradual smooth boundary.

B21t  16-28" Yellowish brown (10YR 5/6) loam with many medium and
coarse distinet light brownish gray (10YR 6/2)
mottles; weak medium and fine subangular blocky
structure; hard, friable; patchy clay films on ped
faces and bridging sand grains; few medium and fine
pores; pH 5.1, gradual boundary.

B22t 28-52" Same as horizon above only texture is clay loam.

B23t 52-T70"+  Prominently mottled of gray (10YR 6/1) yellowish brown
(10YR 5/4) and pale brown (1O0YR 6/3) silty clay loam,
weak structure: friable; clay films present on broken
ped faces. »pH 4.5,

* Previously named Caddo éilt loam in McCurtain County. Tenetative
name given by Classification of Series of Southern States.
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Plot No. 9  66-8-3T9

Classification: Aqualtic Paleudalf, coarse-silty, mixed thermic

Soil type: ¥Goldsboro lbam

Location: SW corner SW 1/4 Section 8, T6S, R2TE

Vegetation: Shortleaf pine, white oak, red and black gum

Slope: Nearly level 0-1% slope gradient (Upper slope near ridge top)

Parent Material: Regolith of thick beds of unconsolidated silty clay
loam, loam and sandy clay.

Typifying Pedon:
(Colors are for moist soils)

01 1-o" Decayed forest liter

Al 0-2" Very dark grayish brown (10YR 3/2) fine sandy loam:
weak fine granular structure slightly hard; very
friable; pH 5.8, clear boundary.

A2 2-10" Pale browvn (10YR 6/3) silt loam with few thin threads
of organic stains; weak fine granular structure;
slightly hard very friable; many roots; pH 5.8; clear
boundary.

Bl 10~-26" Pale brown (10YR 6/3) silt loam with few fine faint
light brownish gray and dark brown mottles; weak to
moderate granular structure; hard, friable; pH 5.7;
granular structure; hard, friable; pH 5.7; gradual
smooth boundary.

B21t 26-35" Brownish yellow (10YR 6/6) silt loam with many medium
and coarse distinet light brownish gray (10YR 6/2)
mottles; weak medium and fine subangular blocky
structures; hard, friable; patchy clay films on ped
faces and bridging sand grains; few medium and fine
pores; pH 5.1, gradual boundary.

A2'-B2t 35-41" Light gray (10YR T7/1) silt loam with many fine and
‘ medium prominent mottles of light yellowish brown and
yvellowish red; weak medium subangular blocky structure:
friable; slightly brittle, light gray areas stripped
of clays; light yellowish brown areas coated and
bridged with clay; few fine reddish concretions;
pH 4.6 clear irregular boundary.

B22t 41-70"+  Prominently mottled of gray (10YR 6/1) yvellowish
' brown (10YR 5/4) and pale brown (10YR 6/3) silty clay
loam, weak structure; friable; clay films present on
broken ped faces. pH 4.5,
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Plot No., 14  6T7-S-808

Classification: Ultic Paleudslf, finewléamy, mixed, thermic
Soil type: *Goldsboro loam

Location: SW corner SE 1/4 BSE 1/L Sec. 13, T6S, R25E
Vegetation: Shortleaf pine, white oak, red and black gum
Slope: Nearly level 0-1% slope gradient

Parent Material: Regolith of thick beds of unconsolidated silty clay
loam, loam and sandy clay.

Typifying Pedon:
(Colors are for moist soils)

01 1-0" Decayed forest liter

Al 0-5" Dark grayish brown (10YR L/2) fine silt loam; weak
fine granular structure slightly hard:; very friable;
.pH 5.5; clear boundary.

A2 5-12" Brown (10YR 5/3) fine sandy loam with few thin threads
of organic strains; weak fine granular structure:
slightly hard very friable; many roots; pH 5.Y; clear
boundary. :

B21t 12-34" Yellowish brown {10YR 5/4) loam with few faint light
brownish gray and dark brown mottles; weak to moderate
granular structure:; hard, friable; pH 4.5; gradual
smooth boundsry.

B22t 465" Yellowish brown (10YR 5/6) loam with many medium and
coarse distinet light brownish gray (10YR 6/2) mottles;
~weak medium and fine subangular blocky structure; hard,
friable; patchy clay films on ped faces and bridging
sand grains; few medium and fine pores; pH 4.5,
gradual boundary,

B23t 65-T70"+  Prominently mottled of gray (10YR 6/1) yellowish brown
(10YR 5/4) and pale brown (10YR 6/3) silty clay loam,
weak structure; friable; clay films present on broken
ped faces, pH 4.5,
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Plot No. 2 66-5-350

Soil Series Classification: Ultiec Hapludalf, fine-loam, mixed thermic
Soil type: Herndon loam

Location: NW corner Section 33, TuS, R2TE

Vegetation: Shortleaf pine - White oak -~ Red and Black gum

Slope: Middle of North facing 12% gradients

Parent Material: Regolith of weathered acid interbedded shales, shist
and fine grained sandstone.

Typifying Pedon:
(Colors are for moist conditions)

01 1/2 -0" Decayed forest liter

Al 0-2" Very dark grayish brown (10YR 3/2) loam; weak medium
granular structure, very friable; many roots; few
pleces of quartz gravel; pH 5.1; clear boundary.

A2 25" Yellowish brown (10YR 5/4) loam; weak fine granular
structure, very friable; many roots:; few pieces of
quartz gravel; pH 5.0; clear wavey bhoundary.

Bl 514" Strong brown (10YR 5/6) loam; weak fine subangular
blocky structure; friable; few roots; few thin patchy
clay films on ped faces: pH 5.0; gradual boundary.

B21t  14-30" Yellowish red {(5YR 5/8) clay loam; moderate medium
subangular blecky structure; firm; thick clay films
on ped surfaces, occasional sandstone fragments;
pE 4,6; gradual boundary.

B22t  30-50" Yellowish red (5YR 5/8) clay; moderate to weak medium
subangular blocky structure; firm; thin clay films on
ped faces; few to common weathered shale fragments
that have a greasey feel; pH 4.4:; gradual boundary.

C 50-T5"+ Mottled red (2.5YR 5/8) strong brown (T.5YR 5/8) white
white (10YR 8/2) weathered shale and materials mixed
with clay loam; pH L.k,
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Plot No. 3  66~5-35k

Soil Series Clasgsification: Ultic Hapludaelf, fine loamy, mixed, thermic
Soil type: Herndon loam |

Location: BSE corner Section 32, T4S, R2TE

Vegetation: Shortleaf pine -~ White oak - Red and Black gum

Slope: Middle of North facing 12% gradients

Parent Material: Regolith of weathered acid interbedded shales, shist
and fine grained sandstone.

Typifying Pedon:
{Colors are for moist conditions)

01 1/2 -0" Decayed forest liter

Al O-L4" Very dark grayish brown (10YR 3/2) sandy loam; weak
granular structure, very friable; many roots: few
pieces of quartz gravel; pH 5.1; clear boundary.

A2 h-10" Yellowish brown (10YR 5/4) sandy loam; wesk fine
granular structure, very friable; many roots, few
pieces of quartz gravel:; pH 5.0; clear wavey boundary.

B21t 10-18" Yellowish red (5YR 5/8) clay loam; moderate medium
subangular blocky structure:; firm; thick clay films
on ped surfaces, occasional sandstone fragments:
pH L.6; gradual boundary.

Rz22t 18-37" Yellowish red (5YR 5/8) clay:; moderate to weak medium
subangular blocky structure; firm; thin clay films on
ped faces:; few to common weathered shale fragments
that have a greasey feel; pH 4.4; gradual boundary.

R23t 37-52" Red (2.5YR 4/8) clay loam with many streaks of strong
brovn (T.5YR 5/8) weak fine blocky structure; a few
clay films, many thick greasey shale flakes and hard
sandstone fragments:; pH 4.4; gradual boundary.

c 52-60"+ Mottled red (2.5YR 5/8) strong brown (7.5YR 5/8) white
{10YR 8/2) weathered shale and materials mixed with
clay loam: pH 4.4,
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Plot No. 10  66-5-~383

Classification: Typic Ochraquults - fine, silty mixed thermic
Boil type: Myatt silt loam

Location: 110 yds. W of SE corner Section 29, T6S, R2TE
Vegetation: Shortleaf pine, white oak, sweet gum and water oak
Slope: Low lying concave slope of 0 to 1 percent.

Parent Material: Regolith of thick beds of unconsolidated silty clay
loam and silt loam.

Typifying Pedon:
: (Colors are for moist conditions)

0l 1-0" Partly decomposed forest liter.

Al 0-5" Dark grayish brown (10YR 4/2) silt loam with thin
threads of organic stains; weak fine granular struc-
ture; very friable:; many fine roots: pH 4.6, abrupt
smooth boundary.

A2q 5-16" Light brownish gray (10YR 6/2) silt loam with many fine
distinct yellowish brown (10YR 5/4) mottles; weak fine
granular structure; many fine roots; pH 4.6 gradual
wavy boundary.

B2tg- 16-32" Gray (10YR 6/1) silt loam with many coarse distinet
yellowish brown (1O0YR 5/6) mottles: weak fine and
medium subangular blocky structure; friable: patchy
eclay films of peds and in pores:; pH 4.9; gradual wavy
boundary.

B22tg 32-65"+ Distinctly mottled gray (10YR 5/1) and yellowish brown
(10YR 5/8) heavy loam; weak medium subangular blocky

structure; friable:; clay films along vertical cracks;
pH 4.9.
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Bowie Fine Sandy Loam

Six profiles are studied in this type. It is classified through
family level as ultic or typic paleudalf coarse or fine loamy mixed
thermic. It was formerly classified in the red-yellow podzolic great
soil group. These soils have sandy loam to fine sandy loam "A" hori-
zons and also have yellowish brown fine sandy loam to sandy clay loam
upper B horizons. All the layers are acidic in nature. These plots
are situated on upland of the Coastal Plain. Slopes are generally 1 to
3% but they range from 0 to 12%. The regolith consists of thick beds
of unconsolidated sandy clay loam, séndy loam, sandy clay and in some
cases the regolith consists of thick beds of unconsolidated marine
sediments of sandy clay loam, sandy loams and sandy clays. Permeability
is moderate in the upper part of the B horizon and moderately élow in
the lower part that contains plinthite, Runoff is slow té medium and
internal drainage is medium. These are moderately well to well

drained soils.

Goldsboro Loam

Three profiles are studied. It was named formerly as Caddo silt
loam. It is classified through family level as Aqualtic or Ultic
paleudalf, coarse loamy, or fine loamy, mixed thermic. This series
was formerly classified in the red-yellow podzolic great soll group.
These soils have grayish brown sandy loam to loam "A" horizon and
thick yellowish sandy clay loam B horizons. Horizons are acidic in
nature. These plots are situated on nearly level to gently sloping sur-
faces. In general slopes range from 0 to 5%. The regolith is a thick

bed of unconsolidated silty clay loam and sandy clay. These plots are
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moderately well~drained and have moderate permeability. Runoff is slow

to medium.

Herndon Loam

Two profiles are studied., It is ¢lassified through family level

as Ultic Hapludalf, fine loamy mixed, thermic, Formerly it was classi-
fied in the red-yellow podzolic great soil group. Thesebsoils have
loamy "A" horizons and yellowish brown clay loam to clay B horizons

that éontain more than 30% silt. These profiles are acidic in reaction.
Slope gradient is generally varied from 6 to 12%. The regolith includes
a weathered, acid interbedded shales, schist and fine grained sand
stone. Plots are well dralned having moderate permeabilit& and medium

runoff,

Myatt S5ilt Loam

Myatt soils are classified through family level as typic Ochra-
quults fine loamy, mixed thermic. Previously it was classified ‘in the
low humic gley great soil group. These solls have grayish browh coarse
textured "A" horizons and gray moderately fine textured thick mottled
"B" horizons. Horizons are acidic in reaction. Sites are situated on
level or nearly level fairly broad stream terraces that are occésionally
flooded as an upland flats. The reéolith consists of thick beds of
unconsolidated silty clay.loam and silt loam. These soils are poorly

drained having slow permeability and slow to very slow runoff.

Laboratory Analyses

The results of the particle size distribution analysis for all

soil horizons are furnished in Tables XIV to XVI. Average of each soil

type are furnished in Table VI and comparisons are shown in Figures

T to 10. Variations in mechanical analysis, reflect different degrees
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SOIL TYPE: BOWIE FINE SANDY LOAM (avepage of six profiles)
Mechanical Moisture Release’
Hori= {Depth §lope|Gravel Analysis Characteristics in per cent
zon |in . per: |per |Sand(81lt|Clay(l/3 atm|l atm|l5 atm|Available
inches| cent |cent |[per jper |per water
cent |cent|cent
Al 0-5 .o 58 33 9 11.06 8.23 5.49 5.58
Ay 5-13 3.7 61 31 9 12.19 ]10.13 4,66 7.53
Boj+ {13-34 5.3 | 53 28 19 17.04 13.04 7.86 9.18
Bpoy [3U4-48 .5 49 26 22 18.56 ]12.09 9.23 9.33
SO0IL TYPE GOLDSBORO LOAM (average of three profiles)
Al 0-3 2.2 | 49 Ly 7 22.48 ]13.27 4,49 17.99
Ao 3-10 2.6 L7 u2 11 20.18 |12.64 3.92 16.26
B2t 10-25 2.7 35 L9 17 24,84 115,75 5.52 19.32
Bgop [25-04 2.8 29 u7 24 28.77 J19.81 7.88 20.88
SOIL TYPE: HERNDON LOAM (average of two profiles)
Ay 0-3 27 .06 48 B2 11 26.71 [20.69 9.24 17 .47
Ao 3-8 27 .44 54 33 14 20,81 [|17.76 4,90 15.91
Boi+ | 8-15 13.79 b1 1o 20 19.44 116.43 6.30 13.14
Boot 15.29 8,76 26 32 g2 31.48 |26.86}) 14.47 17.01
SOIL TYPE: MYATT SILT LOAM.
Ay 0-5 0.5 36 56 8 26,51 ]18.56 9.39] 17,12
Ao 5-16 0.4 37 51 12 25,83 {17.04f 11.08 14.75
Boi+ 116-33 28 53 19 20.15 ]11.48] 13.61 6.54
BQQt 33-36 1.0 24 51 25 20.63 }20.18} 14.29 6.34




90

of geological sorting and morxphological development.

In general, Bowie fine sandy loam, Herndon loam, (toldshoro loam
and Myatt silt loam follow in the order of sand content in their pro-
files. The spread of this particle size between the maximum and minimum
within the profile is greater in Herndon loam. Gravel in large amount
is found in the Herndon loam as compared to other profiles.. Myatt silt
loam, Goldsboro loam, Herndon loam and Bowie fine sandy loam follow in
the decreasing order of silt content. The spread of this.particle size
between the maximum and minimum within the profile is greatest in the
Herndon loam. Herndon loam, Myatt silt loam, Goldsboro loam and Bowie
fine sandy loam follow in decreasing order of clay content in their
profiles. The spread between the maximum and minimum clay content with-
in the profile is greatest in the Herndon loam.

- The general trend in all these profiles is a decrease of sand and
silt (except Goldsboro) particle and an increase of clay content as the
depth is increased. This relationship suggests the possibility of
eluviation of fine clay from A into the B horizons.

One of the most pertinent problems associated with plant growth
studies has been that of deciding upon the % of available water required
for optimum plant growth. Water is required by plants for transpira-
tion, turgidity and metabolic process. Soil moisture alsé significantly
affects the rate and suite of cations exchanged from the soil to the
root. The moisture regime of the soils is influenced by such factors
as organic matter and thé amount of finer materials. Either or both of
these factors improve the water holding capacity of the soil (T4). The
relationship between water content and soil water suction is not unique
and depends on the previous history of water intake or withdrawal. It

may be argued that moisture conditions will be indicated by seil type,
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slope and aspect. Slight change in slope on nearly level topography
has much more effect on the profile character than an equal change on
rolling topography. The most important effect of slope on soil forma-
tion is due to its influence on the meisture condition of the profile.

Moisture percentage at 1/3 atm, 1 atm, and 15 atm, and available
moisture percentage for all soil horizons are given in Tables XIV to
XVI. Aversgges of the moisture percentages for each séil series.are.
furnished in Table VI and a comparison is shown in Figure 10. Varis-
tions in release characteristics reflect in différence content.ofi
erganic matter and fine material contained in soil profiles.

Goldsboro loam, Herndon loam, Myatt silt loam and Bowie fine
sandy loam follow in decreasing order of percent available moisture.
Myatt silt loam, Goldsboro loam, Herndon loam and Bowie fine sandy loam
follow in the decreasing order of finer material i.e. (gilt + clay).
Whereas Herndon loam, Myatt silt loam, Goldsboro loam and Bowie fine
sandy loam follow in the order of content of clay. In percentage of
nitrogen content they follow in decreasing order of Herndon, Goldsboro,
Myatt and Bowie, Myatt silt loams are poorly drained and slowly per-
meable soils. Since Goldsboro loam, Herndon loam and Bowie fine sandy
loam follow in the order of containing finer material in their profiles,
it is natural for these soil profiles to follow in the same ordef when
rating available water. Clay content of Herndon loam is higher in com-
parison to Goldsboro, but under field conditions Goldsboro loam may
contain more avallable moisture. Herndon plots are situated on a slope
of 12%. Goldsboro loam plots are located on 0-1% slopes. The totél
water determined froﬁ moisturevrelease curve is usually higher for those

soils high in clay and organic matter.
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The results of exchaﬁgeable cations determinations for individual
profiles are shown in Tables XVII to XIX. Average for each soil series
are furnished in Table VII and illustrated in Figures 11 agnd 12.

Bowie exchangeable calcium is dominant in the A horizon and whereas
exchangeable hydrogen is dominant in the B horizon. The difference may
be due to the variation in the calcium content of the litter of the
trees growing on these sites. The calcium content is important in
influencing pH values. Exchangeable hydrogen is slightly decreased

in the A, horjzons and again increased in quantity as the depth of the
profile increases whereas exchangeable calcium followed a constantly
decreasing trend. Exchangeable magnesium is slightly decreased in the
A, horizon and increased in the B horizons. Exchangeable potassium,
exchangeable sodium are present in small quantities as expected.
Exchangeable potassium showed an increasing trend and whereas sodium
showed slightly decreasing trend with depth. Total exchangeable cations
decreased in A, horizons but increased in the B horizons. Exchangeable
hydrogen is also increased in these horizons. Exchangeable bases
{exclusive hydrogen)} are decreaéed with depth. This type of trend due
to the clay content and acidity of horizon. QOverall in entire profile
the exchangeable'cationé vary in the order of hydrogen 3,04 T
caleium 2,51 > magnesium 2.05 > sodium 0.29 = potassium 0.31

m.e. /100 gm.. This is dué to the acidic reaction of different'
horizons (24).

In Goldsboro exchangeable calcium and hydrogen (except in one
profile) are dominant in A & B horizons respectively. The trend of
exchangeable hydrogen, calcium, magnesium and tc.al exchangeable

cations are given similsr to the Bowie fine sandy loam. Similar
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reasons can be given in this regard for the entire propfile and the
exchangeable cations follow in the order of exchangeable hydrogen 2.99

/:>calcium 1.92 = magnesium 1.66 — potassium 0.39 > sodium
0,26 in m,e. /100 gn.

In Herndon , exchangeable hydrogen is dominant in all the horizons.
It is slightly decreased in A2 horizon and again increased in the B
horizon as indicated in other profiles. Exchangeable calcium showed
decreasing trend. .Other exchangeable bases i.e., magnesium, potassium,
sodium showed decreasing trend as the depth is increased. Total
exchangeable cations and exchangeable bases are decreased in the A2 and
upper B horizons but again is increased in the lower B horizons. The
exchangeable cations in the entire profile follow in the order of
hydrogen 5.97 > magnesium 3_15/;>, caleium 2.47/;;7 sodium 0.54/;7
potassium 0.44 in m.e. /100 gm.

In Myatt., exchangeable calcium is dominant only in the Al horizon
and hydrogen is dominant in rest of the horizons. ZExchangeable hydro-
gen and total exchangeable cations showed increased trend but whereas
exchangeable cgalcium and magnesium showed decreasing trend. Exchange-
able cations in the entire profile follow in the order of hydrogen
5.79 _> calcium 3.4 > magnesium 2.72 > sodium 0.39 —
potassium 0.38.

Myatt silt loam, Herndon loam, Goldsboro loam and Bowie fine sand
loam follow in the order of decreasing exchangeable cations. There is
not much difference between Myatt silt loam and Herndon loam., Herndon,
Myatt, Goldsboro and Bowie foliow in the decreasing order of clay
content, whereas Herndon, Goldsboro, Myatt and Bowie follow in the

decreasing order of nitrogen. In general these data indicate that where



CHEMICAL PROPERTIES

TABLE VII

SOIL TYPE: BOWIE FINE SANDY LOAM (average of six profiles)
Horizon Depth, BH + ] pH Exchangeable Cations M.¢./100. .gm. C. E. C.
ATk KC1 H Ca Mg K Na Total M.e,/100 g

Ay 0-5 1 5.35 4.6 2.36 3.03 2.31 0.22 0.29 8.21 7.91
Az 5-13 5.20 4.25 1.46 2,25 1.53 0.26 0.35 5.85 5.36
Ba1t 13-34 4.95 3.9 3.49 2,22 2.08 0.28 0.29 8.36 7.52
Baat 34-48 4.70 3.7 4.58 2.22 2.75 0.32 0.26 10.13 10.74
SOIL TYPE: GOLDSBORO LOAM (average of three profiles).
Ay 0-3 5.3 4.5 3.89 3.03 2.80 0.39 0.33 10. 41 10.16
Ay 3-10 5.3 4,25 2.65 2.37 2.23 0.26 0.35 7.86 8.12
Byit 10-25 5.1 b.1 3.49 1.77 1.47 0.60 0.34 7.67 6.76
Byot 25-4h 4.9 3.75 4.65 3.00 2.24 0.40 0.27 10.56 10.23

1
SOIL TYPE: HERNDON LOAM (average of two profiles)
Ay 0-3 4.95 4.6 6.16 4.55 3.76 0.36 0.61 15 44 14.25
Ay 3-8 4.95 4.3 4,99 2.25 2.29 0.34 0.54 10.41 9.81
Byt 8-15 4.9 3.95 5.17 1.40 2.50 0.75 0.54 10.36 9.92
Booy 15-29 4.7 3.8 7.59 1.70 4.02 0.30 0.48 14.09 15.39
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?here is more clay and nitrogen, there more exchangeable cations are
present, and the presence of more or less exchangeable hydrogen and
calcium is related to the reaction of the soil horizons.

In addition,to the above these pfofiies indicate in general the
following trends. Exchangeable calecium is dominant in the Al horizon
(except Herndon loam). This may be due to the variation in the calcium
content of the litter of the trees growing on the sites. Exchangeable
bases i.e. (Ca, Mg, K, Na) showed decreasing trend in A2 in let and
again showed slightly increasing trend (except Bowie) in B22t horizon.
This may be due to the downward movement i.e., eluviation, of colloidal
content from the A2 horizon. It may be also due to the decrease of
available moisture in the A2 horizon in comparison with the Al horizon
(exeept Bowie). Soil moisture may also significantly affect the rate
and suite of cations exchanged from the soil to the plant root. The
variation in the total amount of cation exchanged through the moisture
range may be explained in part on the basis of differences in the pore
gsize distribution between soil types (11l). There is an increase of
exchangeable h&drogen in the 32 horizons which may be due to the ac%é?ﬁy
caused by accumulation of leached sesquioxides in these horiions. ”
There is a slight increase of exchangeable bases in the lower B hori-
zons (except Bowie). This may be due to accumulation of colléids.'»
Results of C.E.C. of each plot is furnished in Tables - XVIT to XIX.
Averages of each soil type are given in Table VIT and shown in Figure 11.

Myatt silt loam, Herndon loam, Goldsboro loam and Bowie fine sandy
1oam follow in the decreasing order of C.E.C. In clay content they
follow in érder Herndon, Myatt, Goldsboro and Bowie, Herndon contained

more clay and nitrogen than Myatt but the Myatt soil has a higher C.E.C.
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This may be due to the presence of a different type of ¢lay in the
Myatt soil., It is clearly indicated that C.E.C. of these profiles
depends on clay content, nitrogen and available moisture.

S0il reaction may affect plant development through its influence
on the availability of certain elements required for growth. It indi-
cates indirectly a number of soll fertility characteristics. Soil is
acidic when it lacks the basic plant nutrients such as calcium, mag-
nesium and potassium., Acid soil develops from parent material which
is low in these nutrients or from which these bages have been leached.
Phosphorus is changed to relatively insoluble forms in strongly acid
goils. The activity of desirable soil microorganisms, particularly the
nitrogen fixers and nitrifiérs, is seriously depressed 1n strongly acid
soils. A high amount of active hydrogen in normal soils 1s usually
g reliable indication of the lack of basic plant nutrients such as
calcium, magnesium and potassium. The pH is a measure of the resulting
activity of the hydrogen ions when the soil is mixed with distilled
water in a 1:1 ratio. Soil reaction data are presented in Tables XX to
XNIT.. Averages of each soil type are presented in Table VIII and
illustrated in Figure 13.

Nitrogen data are shown in Tables XIX to XXI. Averages of each soil
series are furnished in Table VIII.and shown in Figure 13. Plants absorb
nitrogen as ammonium and nitrate ions. Most of the nitrogen in forest
soil is bound up in organic tissues. However, since the foilage among
the different species varies in the amount of calcium and nitrogen it
contains, the quantities of these elements added to the forest floor
under different stands varies considerably. Soil organic layers of

forest soils are valuable diagnostic tools for timber and water shed
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TABLE VIII
CHEMICAL PROPERTIES

SOIL TYPE: BOWIE FINE SANDY LOAM (Average of six profiles)

HORIZON DEPTH pH NITROGEN AVATLABLE NUTRIENTS
KCl Paste PER CENT LBS. PER ACRE
1: .
1 Phosphorus | Potassium
A 0-5 4.6 5.35 0.081 8.83 112
A, 5-13 4,25 5.20 0.025 5.66 81
Bo1t 13-34 3.9 4,95 0.018 4.08 104
Bopr | 3u-u8 | 3.7 1,70 0.015 4.53 140
SOIL TYPE: GOLDSBORO LOAM (average of three profiles
Aq 0-3 4.5 5.3 0.069 ©10.12 83
Ay 3~-10 4.25 5.3 0.033 5.65 67
Byt | 10-25 | u.1 5.4 | 0.022 3.14 90
Boot 25~-4L4 3.75 4,9 0.020 3.77 . 113
SOIL TYPE: HERNDON LOAM (average of two profiles)
A 0-3 4,6 . 4,95 0.189 47,13 340
Ao 3-8 4.3 4,95 0.081 31.11 275
Boiy | 8-15 | 3.95 4.9 0.027 12.26 283
Bypt | 15-29 | 3.80 4.7 0.039 3.77 227
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management. They are amenable to change by modification of the vege-
tation on the gite. Since niﬁrogen in theé soil is closely correlated
with organic matter content tﬁe same relative relstionship holds for

the nitrogen as for organic matter. The quality and nature of organic
matter occurring at various depths in soils are dependent upon a number
of environmentai factors. The most clearly related factors are probably
rainfall and type of vegetative cover.

Results of available phosphorus analyses of individual plots are
shown in Tables XX to XXII. - Average for each soil type is given in
Table VIII and comparison is'illustrated in Figure 1k.

Phosphorus is decreased in quantity in all the profiles with
depth. The organic matter indirectly enhances the availgbility of this
element, With depth there is a decrease in pH and probably an increase
in hydroxides of iron and aluminum, These oxlides are colloidal in
nature and phosphate ions are attracted and held to the surface of the
particle in tﬂe form of a basic iron or aluminum phosphates. Herndon
loam has more nitrogen aﬁd C.E.C. compared to the other profiles. It
is an almost universal truism that mineral soils with high exchange
capacity are more fertile than those with low cation exchange capacity.
Myatt, Goldsboro and Bowie soil follow in an increasing order of
available phosphorus,

“Plantsuabsorb potassium oﬁly‘in>the form of the potassium ion.
This -alj:sorptionvtékes'- pl_alc_‘e:fr'oin' the soil solution. Tt is estimated
that only 0.01% ofmthewtotal-potaSSium is in the exchangeable form.
Potassium, even.though plentiful in the.uﬁavailable form, must often
be added to the soil to provide sufficient amounts in'the available

form (10), *



HORIZON

" HORIZON

H § T - T ™ T T
Ay | —e— BOWIE ]
A 8T ----0--- GOLDSBORO 1
2 I ——o— HERNDON
20"}k ———&——=MYATT 4
8_2:1 -
Boe! &
. oH
1 T 13
At 8
8"t .
Az = -
20“" -
Bat | 1
822( i 1 1 -
-0 0.05 0.01 015 0.20

TOTAL NITROGEN PERCENTAGE

Figure 13. - Comparison of’pH, Nitpbgen
Percentage in Four Different Soil.
Types. e

HORIZON

HORIZON

20"_

'Bglf 5

. 20” L

Bz;‘l

Bt
o

H 1 1
Ble; 20 30 40 50
PHOSPHORUS (LBS/ACRE)

200 300 400
POTASSIUM {1 BS/ACRE)

Figure 14. Comparison of Available

Nutrients in Four Different Soil
Types.

(4039



103

Results of available potassium of individual plots are shown in
Tables XX to XXTI. Average for each soil type is given in Table VITI
and comparisgon is illustrated in Figure 1k,

Herndon is highest in available potassium followed by Bowie,
Goldsboro, Myatt. Myatt.is poorly drained type of soil. Wetting and
drying may be the cause for the.lower avéilability of potassium in this
s0il. In the remginder of the gsoil the same causes may be used to
explain the diff'erence in potassium content as were used to explain
difference in phosphorus ¢ontent, All of these profiles showed a
particular trend in having higher content of potassium in Al but

decreased in A2 horizons, Again, the quantity is increased in the

B horizons with the exception of the Myatt soil.
Site Index of Shortleaf Pine and Soil Properties

Numerous studies have been conducted to test the relationship
between physical, chemical and biological properties of soil and the
growth of forests. 8Site quality is determined by soil properties and
other features of the site which influence the quality and quantity
of the growing space for tree roots. Success\or failure in demon-
strating significant relatioﬁships between soil properties and plant
growth depends largely upon the investigator's ability to select for
measurement aﬁd staﬁiétical tests the independent variables that are
initially limiting or most limiting.

The growth of a tree is an expression or function of a number of
factors, many of which are envirommental. The more important factors
of the environment are; tempefature, humidity, rainfall, parent

material, soil profile develOpméht, tbpbgraphy‘and depth to the water
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table., Environmental‘féctors act and interact with vegetation through
time upon the soil material and the final results are best expressed
by the soil profile itself. This is most obvious in those areas where
the s0il is mature and has been developed in place for a long period
of time,

In the first test of significance twenty~one soil variables were

selected as independent variables and an attempt was made to correlate
them with the site index of shortleaf pine as shoﬁn below. These
variables are presented in Table XXIII.

In the second test of significance thirty-six of the most promising
soil variables were selected and an attempt was made to correlate them
with site index. These variables are presented in Tgble XXIV. Also an
attempt was made to derive suitgble regression equations for the site
index of shortleaf pine versus thirty-six, twenty-one respectively for
the Coastal Plain soils.

In this study of regression and correlation between soil properties
and site index, variables are expressed in two ways; one was to express
the éoncentration of a factor, and the second was fo multiply this
concentration of a factor by inchés of the horizon possessing the
concentration, this resulted in giving a weight of the factor present
in a particular horizén or group of horizons.

Twenty-one soil variables in the first set are as follows:

1) depth, 2) slope, 3) gravel, L) sand, 5) silt, 6) clay,

T) ex.hydrogep, 8) ex.calcium, 9) ex.magnesium, 10) ex.potassium,

11) ex.sodium, 12) C.E.C., 13) moist 1/3 atm, 1li4) moist 1 atm,

15) moist 15 atm., 16i available moisture, 17) % nitrogen,

1) available phosphorus, 19) a&ailable potassium, 20) pH (1:1 paste),

21) pH (KCl);
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Thirty-six soil variables in the second set are as Tollows:
1) depth A, '2) depth (A+B), 3) texture of top soil, 4) Sand A x
Depth A), 5) (silt A x depth A), 6) (clay A x depth A), T) (nitrogen

A x depth A), 8) (silt + clay of B) x (depth A), 9) (silt B x depth A},
(field capacity of B)

10) (clay Bx depth A), 11) gravel in A, 12) sand in A, 13) clay in A,
14) (silt + clay) Ab 15) pH in A; 16) nitrogen % in A, 1T7) nitrogen

% (A+B), 18) available phosphorus in A, 19) available potassium in A ,
20) C.E,C. in A, 21) ex,(calcium + magnesium) in A , 22) ex.hydrogen
in A, 23) gravel in B, 24) Sand in B, 25) clay in B, 26) (silt + clay)
in B, 27) avail phosphorus B, 28) available potassium in B, 29) C.E.C.
in B, 30) ex (calcium + magnesium) in B, 31) ex.hydrogen in B,

32) (gilt + clay) in B, 33) (gilt + clay) in B, 34) (silt + clay) in B,
(field capacity of B) depth B Depth A ‘

35) soil series, 36) parent material,

Before discussing site index and soil variables, it is necessary
to know about the correlation coéfficient of these soil properties
indicating the‘relationship between and among soil factors. Two
additional soil variables i.e. (silt and clay), total exchangeable
bases were added to'the first test of significance and two soil
variables i.e. soil series, parent material were omittedvin the second
test of significance for correlation studies. Results of the correla-
tion coefficients of soil properties and significant values are pre-
sented in Tables X and XI correlﬁtions are 'discussed at appropriate
places.

Previously it Was mentioned that the site index was nothing more
than a definition which stated that the average height of dominant

and co-dominant trees at 50 years of age. Site index of shortleaf pine



106

is calculated for each plot and presented in Tabie IX. At the same time
site index curves are illustrated in Figures 15 to 18.

Site index was found to vary from 80 to 106 with an average of
94,83 ft, for Bowie, 92 to 104 with_an average of 97,66 ft. for Golds-
boro, T9 to 87 with.an average of 83 ft. for Herndon and 102 ft. for
Myatt, The mean site index was 94. Three better and three inferior
plots in Bowie, two better and one inferior plots in Goldsboro, two
inferior type plots in Herndon loam and one better type in Myatt silt
loam were found in this area when mean site index was taken Into con-
sideration. Half of these plots contained better site indices and half
of them contained inferior site indices.

The depth of the surface soil is a measure of the soil variable
for occupancy by small roots. In general, the smaller roots (0.04 to
0.4") are concentrated in the layer of humus (Al horizon). An in-
creasing thickness of the Al horizon is related to an increase in site
quality. The thicker Al horizon contains a higher total supply of
organic matter and mineral elements. The higher total supply of
organic matter also improves the water holding capacity. ©Small roots
are more heavily concentrated in the A horizon than in the sub soil.

A deeper soil‘horizon permits a greater and more effective root system
to develop, and as a result growth above the ground is more rapid.
Depth of the surface soil or depth to the fine téxtured soil depth to
least permeable layer or depth to mottling reflect on gquantity of grow-
ing space which implies effective root depth for trees. The effects of
increasing‘the s0il depth on growth decreases beyond a certain point.
An attempt was madé in this study to evalﬁate the effect of the thick-

ness of the Al’ Ag, BElt’ and B individually and in combination

22t

versus site index.
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SITE INDEX OF SHORTLEAT PINE
IN SELECTED PLOTS
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.No.| Plot Soil Type [Height Average| Age of | Average site
Numbep of Trees | Height | Trees | Age Index
1 plot no. {Bowie fine 92 39
6 (367) |sandy loam 92 92 35 37 106
2 plot no. |Bowie fine- 79 L7
7 (371) |sandy loam 8L 81.5 48 47,5 8L
3 plot no. |Bowie fine
8 (375 'sandy loam -- 73.3 - 42.0 80
b plot no. |Bowie fine
11 (387) | sandy loam -- 85.0 - 51.0 95
5 plot no. |{Bowie fine 92 36
12 (392) |sandy loam 101 39
: 97 96.6 42 39.0 108
6 plot no. | Bowie fine 85 42
13 (805) | sandy loam 9y 45
80 86.3 | 37 41.3 96
7 plot nc. | Goldsboro 96 L1
5 (358) | loam 98 41
92 95.3 L2 41,3 104
8 plot no. | Goldsboro
9 (379) | loam -- 79.6 - 37.0 92
9 plot no. | Goldsboro 88 38
14 (808) | loam 81 35
80 83.0 | 37 36.6 97
10 plot no. | Herndon
2 (350) | loam -- 74.6 - 44,3 79
11 plot no. | Herndon 87 Lg
3 (354) loam 89 50
82 86.0 L8 ug8.7 87
12 plot no. | Maytt silt
10 (383) | loam - 88.7 -- 37 102
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TABLE X

CORRELATION COEFFICIENT AMONG SOIL PROPERTIES

(Significant values

only)

S. No. Variable Variable Z@
8
1 Depth Gravel -0.5591 2%
2 Depth Sand -0.54205%:*
3 Depth Moisture 1/3 atm -0.33189%
4 Depth. Moisture 1 atm ~0, 40304
5 Depth Available water -0.,37999%:
6 Depth Nitrogen —0.37065%%
7 Depth Available phosphorus ~0.38328%%
8 Depth Available potassium -0.59503%%
9 Slope Silt # clay 0.36691%%
10 Slope Ex. magnesium -0.49381%*
11 Slope Moisture 15 atm 0.29772%
12 Slope Nitrogen -0.41977%%
13 Slope Available phosphorus -0.32886%
1h Slope pH Paste 1:1 -0.36876%%
15 Slope pH KC1 ~0.5604L%%
16 Gravel Sand 0.63805%%
17 Gravel Ex. potassium 0.27951%
18 Gravel Total €x. Cations 0.L8L %S
19 Gravel Slope 0.38406%:%
20 Gravel c. E. C. 0.31376%
21 Gravel Molsture 1 atm 0.380552%%
22 Gravel Nitrogen 0.409.01%=%
23 Gravel Available phosphorus 0.51451%%
24 Gravel Available potassium 0.77517%%
25 Sand Total &x. cations 0.50271%%
26 Sand Nitrogen 0.61365%%
27 Sand Available Phosphorus 0.830L48%%
28 Sand Available potassium 0.81958%#*
29 Silt Clay ~0.74568%%
30 Silt silt # clay . -0.58367%
31 8ilt Ex. Hydrogen ~0.99520%%
32 Silt Ex. calcium ~-0.43190%%
33 Silt Ex. potassium -0.35233%
34 Silt Slope -0.56783%%
35 Silt C.E.C. ~0.54231%%
36 Silt Moisture 1/3 atm —0.78838%%
37 Silt Moisture 1 atm ~0.77812%%
38 Silt Moisture 15 atm -0.4937u%%
39 Silt Available water ~-0.610370%%
40 Silt pH Paste 1:1 0.51u86%%

*Gignificant at .05 level

oo oty

ﬂﬂSignifieant at .01 level




TABLE X —— Continued

S. No. Variable Variable "h o
b1 Silt pH KCl1 0.LE8gL%:
42 Clay Ex. hydrogen 0.73372%%
43 Clay Slope 0.28602%
Ly Clay Moisture 1/3 atm 0.60150%%
b5 Clay Moisture 1 atm 0.45021%%
L6 Clay Moisture 15 atm 0.66316%:%
L7 Clay: lAvailable water 0.61640%%
L8 Silt & Clay [Ex. Hydrogen 0.59123%%
e Silt & Clay [Ex. calcium 0.5293p%%
50 Silt & Clay |Ex Potassium 0.35084%*
51 Silt & Clay |Slope 0.49887%%
52 Silt & Clay (C. E. C, 0.57607%
53 Silt & Clay |Moisture 1/3 atm 0.4U356%*
54 Silt & Clay [Moisture 1 atm 0.61262%%*
55 8ilt & Clay [Moisture 15 atm 0.66316%%
56 Silt & Clay |[Nitrogen -0.3387%
57 8ilt & Clay |pH paste -0, 4B6031%%
58 Silt & Clay {pH KCl1 0. 5470Ls%E
59 Ex.Hydrogen - |Ex. calcium 0.43681%%
60 Ex.Hydrogen [Ex. potassium 0.342u1%
61 Ex.Hydrogen [Slope 0.56377%%
62 Ex.Hydrogen |C. E. C. 0.54408%%
63 Ex.Hydrogen [Moisture 1/3 atm 0.79123%%
6L Ex.Hydrogen [Moisture 1 atm 0.78119%%
65 Ex.Hydfogen Moisture 15 atm 0.50063%:%
66 Ex.Hydrogen [Available water 0.61015%%
67 Ex.Hydrogen |pH paste -0.52398%%
68 Ex.Hydrogen |pH KC1 -0.48688%%
69 Ex.Calcium [Slope 0.4750g%:%
70 Ex.Calcium (C. E. C. 0.53746%:%
71 Ex.Calcium = {Moisture 1/3 atm 0.,43565%%
72 Ex.Calcium |Moisture 1 atm 0.53668%%
73 Ex.Calcium |[Moisture 15 atm 0.50078%%
7h Ex.Calcium |pH paste —0.LLug91%%
75 Ex.Calcium |pH KC1 —0, L1 g5Ldkst
76 Ex.Magnesium [Ex. potassium 0.48024%%
77 Ex.Magnesium |Slope 0.37838%:%
78 Ex.Magnesium|C. E. C. 0.30037%
79 Ex.Magnesium |[Nitrogen 0.,L47558%:%
80 Ex.Magnesium |Available Thosphorus 0.34002%
81 Ex.Magnesium [pH KC1 0.u6289%
82 Ex.Potassium |Slope 0.69200%

#*Significant at .05 level
*#3ignificant at .01 level
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S. No. Variable Variable %ﬁty
83 Ex. potassium C. E. C. 0.72435%%
84 E¥X. potassium Moisture 1/3 atm 0.33L466%
85 - Ex. potassium Moisture 1 atm 0.u42529%*
86 Ex. potassium Moisture 15 atm 0.30773%
87 Ex. potassium Nitrogen 0.29923%
88 Ex. potassium Available phosphorus| 0.29467%
89 Ex. potassium Available potassium | 0.4u32u#%

Ex. Na Nil
90 Total ex. cations Nitrogen 0.3u366%
91 ‘Total ex. cations Available phosphorus | 0.44069%
92 Total ex. cations Available potassium | 0.4u328%%#
93 Slope c. E. C. 0789002**
gy Slope Moisture 1/3 atm 0.51350%:%
95 Slope Moisture 1 ‘atm 0.63143%%
96 Slope Moisture 15 atm 0.55953%%
97 Slope Available water 0.28413%
98 Slope Nitrogen 0.32086%
99 Slope Available potassium | 0.46993%#

100 c. E. C. Moisture 1/3 atm 0.49723%%

101 C. E. C. Moisture 1 atm 0.63205%%

102 C. E. C. Moisture 15 atm 0.6269y%%

103 C. E. C. Available potassium | 0.43290%%

104 Moisture 1/3 atm Moisture 1 atm 0.89692%%

105 Moisture 1/3 atm Moisture 15 atm 0.36965%%

106 Moisture 1/3 atm Available Water 0.89655%%

107 Moisture 1/3 atm Available potassium | 0.30563%

108 Moisture 1/3 atm pH paste 1:1 -0.60022%%

109 Moisture 1/3 atm pPH KC1 ~.03758u%:%

110 Moisture 1 atm Moisture 15 atm 0.4983uk#

111 Moisture 1 atm - Available water 0.772up*%*

112 Moisture 1 atm Available potassium | 0.u45234%%

113 . Moisture 1 atm pH paste 1:1 ~0.,50407%%

114 Moisture 1 atm pH KC1 -0.,36412%*

115 Moisture 15 atm pH paste 1:1 -0.4y732%%

116 Moisture 15 atm pH KC1 -0.45033%%

117 Nitrogen Available phosphorus| 0.82295%%

118 Nitrogen Available Potassium 0.59291%%

119 Nitrogen pH " ‘ 0.u45651%%

120 Available phos. Available potassium | 0.79225%%

121 Available phos. pH KC1 0.34011%

122 pH paste 1:1 pH KCl 0.86496%*

*Signifiéant at .05 level
**Significant at .01 level
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CORRELATION COEFFICIENT AMONG SOIL PROPERTIES (2nd Set)
(S8ignificant Values only)

s. No. Variable Variable Dz.¢
1 Depth of A horizon | Sand A x Depth A 0,72318%%
2 Depth of A horigon | Silt A x Depth A 0.78880%*
3 Depth of A horizon | (8ilt.4 Clay)’of BxDepth.A 0. 79197
' Field Capacity of B’ |
4 Depth of A horizon | Silt B x Depth A 0.68710%
5 Depth of A horizon | Clay B x Depth A 0,69550%
6 Depth of A horizon | Gravel in A -0.61778%
7 Depth of A horizon | pH of A -0.68312%
8 Depth of A horizon | Available K in A -0.73966%%
9 Depth of A horizon | Ex. (CatMg) in A L0.68833%
10 Depth of A horizon | Gravel in B -0.63023%
11 Depth of A horizon | Availgble P in B -0,61185%
12 Depth of A horizon Available K in B 0. 58432%
13 Depth of A horizon | Ex. (CatMg) in B -0.62237%
14 Depth of A horizon | (Silt + Clay) of B o
"Depth of A 083855
15 Depth (A+B) C.E.C. of A L0.58630%
16 Depth (A+B) Ex. (CatMg) in A -0.63u61%
17 Depth (A+B) Ex. (CatMg) in B -0,77373%%
18 Texture of Top Soil| Silt A x Depth A 0.609346%
19 Texture of Top Soil | Clay A x Depth A 0.61816%
20 Texture of Top Soil] Silt B x Depth B 0.60797%
21 Texture of Top Soil| Sand in A L0, 77243%%
22 Texture of Top Soil] Silt 4 Clay in A 0.77261%%
23 Sand A x Depth A Clay in A -0, 72368%%
24 Sand A x Depth A C.E.C. in A L-0.71819%%*
25 Sand A x Depth A Ex. (Ca+Mg) in A -0.60306%
26 Sand A x Depth A (Silt + Clay) of B -
Septh SEA -0.80537
27 Silt A x Depth A Clay in A x Depth A 0,79808%%
28 Silt A x Depth A (silt + Clay)of BxDepth A | o «rcrpus
' ‘ Field Capacity of B~ !
29 Silt -A x Depth A 8ilt B x Depth A 0.94380%*
30 S8ilt A x Depth A Sand in A -0.70151%
31 S8ilt A x Depth A (S8ilt + Clay) in A 0.71829%%*
32 ~ Silt A x Depth A pH of A 0.76142%%
33 Clay in A x Depth A} (Silt+Clay) of BxDepth A 0.6L120%
Field Capacity of B )
34 Clay in A x Depth A| Silt in B x Depth A 0.75695%%
%Significant at .05 level
#**Significant at 0.01 level
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. . . o o¢
S. No. Variable Variable A
35 Clay in A x Depth A |Sand in A ~0.74037%%
36 Clay in A x Depth A |[Clay in A 0.63072%
37 Clay in A x Depth A [(Silt+Clay) in A 0.7369y%%
38 Clay in A x Depth A |pH of A 0.75730%%
39 Nitrogen A x Depth A|pH of A -0.61269%
4Q Nitrogen A x Depth A Nitrogen in A 0,63458%
41 Nitrogen A x Depth A |Nitrogen in (A+B) 0.67692%
42 Nitrogen A x Depth A (Sllﬁ+Clay) of B_ 0.66505%
Depth B
o (Silt+Clay)of BxDepA g
43 “FITT CanioTry "B |PH of A ~0.60999
(Silt+Clay)of BxDepAl, _. . -
Ly FTeld Capacity B Available K in A -0.65051
45 (Silt+Clay)of BxDepA s, i1ap1e K in B ~0,62676%
Field Capacity B
(Silt+Clay)of BxDepA . %
46 FTSTT Conacity B Ex.(Ca+Mg) in B ~0.60708
17 (Silt+Clay)of BxDepA{(Silt+Clay) in B 0. 87009%%
Field Capacity B  [Field Capacity B ’
(Silt+Clay)of BxDepA |(8ilt+Clay) in B e
48 Field Capacity B Depth A ‘ 0.77407
ug Silt B x Depth A Sand in A ~0.73159%%
50 Silt B x Depth A (Silt+Clay) in A 0.74334%%
51 Silt B x Depth A pH of A ~0.71143%%
52 Silt B x Depth A Sand in B -0.66133%
53 Silt B x Depth A (silt+Clay) in B 0.66522%
54 Gravel in A Nitrogen in A 0.92771%
55 Gravel Nitrogen in (A+B) 0.92101%%
56 Gravel in A Available p in A 0.93166%%
57 Gravel in A Ex. (Ca+Mg) in A 0.64408%
58 Gravel in A Gravel in B 0.89855%%
59 Gravel in A Available p in B 0.82061%%
60 Gravel in A Available K in B 0.87115%%
61 Gravel in A Ex. (CatMg) in B 0.64200%
62 Gravel in A (Silt+Clay) in B oo
2 . sk
Serth A 0.7617
63 Sand in A Clay in A ~0.72852%%
6U4 Sand in A (Silt+Clay) in A -0,99930%%
65 Sand in A pH of A 0.59038%
66 Sand in A Sand in B 0.81561*ﬁ
67 Sand in A (silt+Clay) in B -0.819L3%%
68 Sand in A (Silt+Clay) in B ol
~0.58343%%
Depth A 8

*Significant at 0.06 level

e of,

we

‘Significant at

0,01 level
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S. No Variable Variable :;z v
69 Clay in A (Silt+Clay) in A 0.7068u%
70 Clay in A C.E.C. in A 0.61671%
71 (Silt+Clay) in A pH of A -0.59639%
72 (Silt+Clay) in A Sand in B -0,82091%%
73 - (Silt4Clay) in A (silt+Clay) in B 0.82U61%%
Th -(8ilt+Clay) in A (Silt+Clay in B %
Depth B v 0.58956
75 Nitrogen in A . Nitrogen in (A+B) 0.98123%%
76 Nitrogen in A Available.p in A 0,9u716%%
77 Nitrogen.in A~ Ex.(CatMg) in A 0.58958%
78 Nitrogen in A Gravel in B 0.83547%%
79 Nitrogen in A Available p in B 0,80708%
80 Nitrogen in A Available K in B 0.87124%%
81 Nitrogen in A (8ilt+Clay) in B e
) | “Depth B 0.72882
82 Nitprogen (A+B) Availpble p in A 0.932u9%H
83 Nitrogen (A+B) Gravel in B 0.82309%%H
84  Nitrogen (A+B) ‘Available p in B 0.75284%%
85 Nitrogen (A+B) Available K in B 0.82438%%
86 Nitrogen (A+B) (Sll?&Clay)‘in B 0.70192%
‘ - Depth A
87 Available p in A ‘ Gravel in B 0.89317%%
88 Available p in A Available p in B 0.88322%%
89 Available p in A Available K in B 0.77530%%
90 Available p in A (Sl}t+¢l§y) in B 0.77591%4
_ -Depth A
91 Available K in A Ex, (CatMg) in A 0.7u4672%4H
92 Available K in A Ex. (CatMg) in B 0.66561%
93 Available K in A (Sllt+§lay) in B 0, 736645
, Depth A
9y C.E.C. in A Ex. (Ca+Mg) in A 0.75614%%
95 C.E.C. in A Sand in B -0.64709%
96 C.E.C. in A (Silt+Clay) in B 0.64902%
97 C.E.C. in A Ex. (CatMg) in B 0,64173%
98 C.E.C. in A (silt+Clay) in B "
Septh T = 0.64266
99 C.E.C. in A (8ilt+Clay) of B o
Septh B 0,76631
100 Ex.(Cé#Mg) in A Available p in B 0.5918u%
101 Ex.(Ca+Mg) in A Availagble K in B 0.6u4821%
102 Ex.(Ca+Mg) in A Ex. (Cat+Mg) in B 0.86785%H
103 Ex.(Ca+Mg) in A (gilt+Clay) in B 0.73315%4
Depth A

*Significance at 0.05 level
#%Significance at 0.01 level
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——

S. No. Variable. Variable A, .
104 Gravel in B Available p in B 0.86021%%H
105 Gravel in B Available K in B 0.71596%H
106 Sand in B (Silt+Clay) in B -0.99980%4
107 Sand -in B - (Silt+€lay) in B _ g0
"~ DBepth B 0.75790
108 Clay in B C.E.C, in B 0.58904%
109 Clay in B Ex. (Ca+Mg) in B 0.64u481%
110 (8ilt+Clay) in B (8ilt+Clay) in B 0.75735%4
o Depth B
111 Available p in B Ayailable K in B 0.71498%4
112 Available p in B A (Sl}t+C%§z) in B 0.6510L%
Depth A
113 Available K in B (silt+Clay) in B 0.5u136%
) Depth A
114 C,E.C. in B (silt+Clay) in B 0.74012%%
115 Ex. (CatMg) in B (silt+Clay) in B 0.69913%
Depth A
*Significant at 0.05 level
level

**Significant at 0.01
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Depth was negatively correlated with other soil properties like
gravel, sand, availlable moisture, nitrogen., available phosphorus and
available potassium. Depth (A+B) was negatively correlated with
exchangeable (calcium + magnesium) in the Al and C.E.C. in the A.
There was a weak positive correlation found‘between site index and the

Al horizon but a negative correlation was found with A2 and B2lt' No
correlation was found for the site vs B22t and also whén all the
horizons were combined. Depth A and (A+B) were tested separately for
correlation with site index. Though no correlation was found between
them, Figures 19 & 20 indicate some positive correlation with an
increase. Site index begun to fall when the depth of the A incréased
more than 13" and depth of (A+B) increased more than 60". Similar re-
sults of no cérrelation with depth has been reported by others (34, L,
100).

The gravel content qf the soll undoubtedly affects site index
under some conditions on lower slopes, which usually have fairly deep
soils. According to Coile (20) the content of stones in a soil if it
rises above 20% by volume,_resulté in reduction in the site index value.
On upper slopes partiéularly those of limited soil depth, a high stone
content appears to reduce the value of the site index.

Gravel percentage was correidted with other properties like slope,
sand, exchangeable,potéssium,'total exchangeable cations, C.E.C.,
moisture at 1/3 atm., % nitfogen,'évailable phosphorus and available
potassium,

A negative correlation was found between site index and gravel in
the A.> Ay» Byt and B,y horizons. When all the horizons were combined

1

this effect was masked. Again gravel in the A and in the B horizons
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were tested separately with thirty-six soil variables but no signifi-
cant relation was found. These results were supported by Doolittle
{37). However, an increase in gravel causes a decrease in site index
as shown by the data reported in Figure 21. Young (106) reported the
white pine site index was decreased as gravel % in the A increased.
Sand was correlated with total exchangeable cations, nitrogen %,
available phosphorus, avallable potassium and gravel. Sand in the A
was positively correlated with saﬂd in the B, pH of the A and nega-
tively correlated with clay in the A, (silt + clay) in the B and
{silt + clay) in the %/depth A, The percentage of each horizon was

tested individually, A positive correlation was found between site

o1t and B22t horizons. When all the horizons were combined

no relation occurred. Sand in the A, sand in the B and (Sand A x

index and B

depth A) were tested separately. DPositive correlation was found be-
tween % sand in the A and site index, as shown in Figures 22 to 2k.
Similar results of positive correlation was reported by Zahner (108)
and Pawluk (T4). Their reasons being that small roots will grow when-
ever conditions of temperature, aeration, moisture and fertility are
favorable. The small roots tend to be concentrated in the upper part
of the mineral soil and as well as in the H layers oft the Ao horizon.
These zones afford maximum aeration and are the flrst to benefit by the
average light rain, Sandy loam surface soil is generally a well
aerated environment for growth of pine roots, but may be limited by
reduced metabolic activitiés in the roots and by reduced absorption of
water and minersls as a result of the low oxygen and high 002 environ-
ment often found in poorly aerated soils.

311t was positively correlated with pH and negatively correlated

with slope, clay, (silt + dlay), calcium, potassium, C.E.C.
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and available water. Silt percentage versus site index was tested in
each horizon and a combination of all these horizons. 8511t % was also
tested as % silt in the Al, (silt in A X depth A), (silt in B x depth
A) versus site index. No correlation was found with any of the soil
variables. Figure 25,

The clay fraction 6f the soil is the most active textural class
with respect to availability of soil moisture and soil nutrients.
Consequently, soils ﬁith small or moderate amount of clay, site quality
is 1likely to be related Airectly to clay content. However, soils with
high clay content might shoﬁ an increased relationship of clay % to
site quality, because of uﬁfavorable physical properties associated
with large amounts of clay. Clay was positively correlated with other
soil properties like siope, hydrogen, available water and negatively
correlated with silt. Clay in esch horizon and in combination was
tested with site index. A positive correlation was found in the Al and
Ay horizons, which is in agreement with Turner (96) who worked with
pine growth in Arkansas. This was not correlated when all the horizons
were combined. Clay in A, clay in B, (clay A x depth A), (clay in B x
depth A), were tested with site index. No significant correlation was
obtained. However Eigures 23, 25, 26, 30 indicate that the % clay
shows a positive ﬁrend to a certain amount and then the site index
began to decrease.

The colloidal content is widely recognized by soil investigators
as being a very important factor influencing moisture holding capacity,
cation exchange,ﬁabsorption and general soil tilth. (silt + clay) in
the A, was significaﬁtly correlated with other soil properties like

{silt + clay) in the B, (silt + clay) in B, texture of top soil,
‘depth B




(sand A x depth A), silt B x depth A) and clay in the 4. It was negs-
tively correlated with pH of the A, sand in A and sand in the B.

Whereas (silt + clay) in the B was correlated with {(gilt + clay in B,
depth B

(sand B X Depth A), (silt + elay) in A, C.E.C. in A, C.E.C. in B,
gravel in B, but (silt + clay in B was negatively correlated with sand
A and clay B,

No significant correlation was found between site index and (silt
+ clay) in A and (silt + clay in B. Site index was increased slightly
with an increase of (silt + clay) in A and B and then the site index is
dropped off as shown in Figures 23 & 24,

It is generally ¢bnsidered that moisture is one of the most
limiting factors in forest tree growth and soil moisture is correlated
with soil texture. 1In this study an attempt was made to correlate site
index with texture of.the top soil., Texture of the top soil was sig-~
nificantly correlated with other properties of soil like (silt A x
depth A), (clay A x depth A), (silt B x depth A), (silt + clay) in A
and inversely correlated with sand,  Site indices, corresponding to
three gsurface soil textures namely sandy ioam, loam and silt loam,
whose average site index was 94, 93 and 102 respectively showed no
positive significant correlation.

Water relations in soil occupy a position of outstanding impor-
tance because of their influence on the various physical chemical and
biological properties of soils. Water serves as a solvent and medium
of transport for plant nutrients and supplies an essential need of all
living organisms, Even the richest soils as judged by mineral nutrient
content fail to support forests unless the minimum water requirements

are satisfied. _The primary factors determining soil water relations
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are climate, topography, natnre of the soilvend regetetion. The.moisu
ture regime of tne soil is’influenced by snchrfactors;ds}anvincrease
in organic matterbcontent and the amountlof finer:neterial?either or
both of these faetors improve the Waterholding cepaeity'of'the soil,

Availanle water'in this study was_correlated'with other goil
properties like clay, C.E.C., moisture at 1/3‘etmospherio;(atm.)
moisture at 1 atm, moisture at 15 atm and slope. ,MOistnre‘percentage
at 1/3, 1 and 15 atm vere tested in each horizon and in combination.
Available moisture was inverselv significentlvveorreleted.with'site
index. This tvpe of relatlonshln was .also strongly 1nd1cated as shown
in Pigures 27 & 28. An increagse of available molsture in the A horlzon
and in the (A + B) horizon up to 30 and 45% caused an 1ncrease of site
index 94 to 102 respectively_andbthen it dropped'ofﬂlwhen;the moisture
is inereased as shown in Figures 27 &v28 -An in#erseireletionvbetween
site quality and the total avallable moisture was obtalned for the B
horizon as indicated in Flgures 27 26, Lo, S;mller_type‘of/results
were obtained by 001le (17) and Galser (MO), fffixsz{n“

The chemloal compos1t10n of the s01l 1s 1nfluenoed by the parent
materlal blologlcal actlvlty,-climate topographv and t1me. nH was
positively correlated with slope, silt, nltrogen % and negatlvely
correlated w1th (Sllt + clay), calc1um, moist 1/3 atm.; moisture 1 atm.
and m01sture at 15 atm, 3011 reactlon of each horlzonlvas tested with
site index but no relationvwasffound-between them. 'Simiiar type of
results were reported by»Hicock‘(Slf, McGee (72), Trimnle (95), Knudsen
(20) and ‘Zahner (108). The'better site indices-in generai oecurred on
soils where the pH was above 5 as shown 1n Flgure 32 altnough this is

not a s1gnificant dlfference..
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C.E.C. was indirectly related to total replagesblie cations, organic
matter and‘concentratibn of clay. It has been shown that a decrease
in base saturatipn may reflect a decrease in soil fertility, therefore,
it would obviously affect the érowth potential of a tree éite. (74,106).
C.E.C. was correlated with availéble.water, gravel, silt, (silt + clay),
hydrogen, caleium, magnesium, pdtassiﬁm and slope. C.E.C. of the A
horizon was correlated with (calcium + magnesium) in the A, (caleium +
magnesium) in the B, (siit + clay) in the B, ¢lay in the A.

(silt + clay) in the B, (8ilt +"clay) in the B and was inversely ‘related
depth B o " depth A

to depth (A + B) and (sand A x depth A), C.E.C. of each horizon and
combination of horizons was tested with site index but no relation was
found, A signifiecant cofrelation was found between the site index and
C.E,C. of tﬁe A horizon. Organic matter and clay are important for
holding moisture and aﬁailable nutrients there a higher CfE.C;bin the
surface soil influences site index; similar type of results ﬁere ob~
tained by Youngberg (106)vand Pawluk (7h4).

Hydrogen, calcium, magnesium, potassium and sodium ébntent of each
horizon and in combination wergiﬁested with site index but no signifi-
cant correlation was'fouﬁd betweé; any of these variables with site
index. - Exchangeable (calcium + magnesium) in the A, (calcium + mag-
nesium) in B were tested but no significant relation was obtained.
Similar type of results between e#changeable calcium, magnesium and
site index were obtained by Tarr&ht_(Qh) with Douglas fir site quality.
Probably the nutrient supply of these soils may not be a limiting
factor in tree growth. Hydrogen in the A, exchangeable hydrogen in
the B were tested with site index but no significant correlation was

found between them. These data were supported by Pawluk (74) who
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worked with growth of Jack pine.

Nitrogen is one‘of the important elements essential for normal
plant growth and reproduction. Nitrogen content of the soil was posi-
tively correlated with available phosphorus, available potassium, pH,
gravel, sand, exchangeable magnesium, exchangeable potassium and
exchangeable cations, but negatively correlated with depth, slope,
(silt + eclay).

Nitrogen was tested in each horizon and also as a nitrogen index
i.e. (nitrogen % in A x depth A) with site index as shown by Figures
53, 54 and 60. These findings may indicate that increasing nitrogen
percentage in the A may reflect and have an affect on other soil
factors which may cause unfavorable conditions for growth. These soils
are acidic in pature and the addition of nitrogen through the litter
may cause more acidic conditions which may have an affect on tree
growth., Similar results were reported by Madison (69) and Pawluk (T4)
who worked with Red and Jack pine respectively. Several other re-
searchers (20), (33), (35), have reported a negative correlation be-~
tween organic matter and site index.

The pines appear to make smaller demands on the mineral nutrient
capital of s0il than to any other trees. There appears to be a tend-
ency for all species to absorb relatively large amounts of calcium.
The uptake of this element usually exceeds that of magnesium, potas-
sium, phosphorus.

Available phosphorﬁs was correlated with other soil properties
like available potassium, gravel, sand, magnesium potassium and total
exchangeable cations. It was negatively correlated with depth and

slope. Available phosphorus in the A was correlated with gravel in B,
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available potassium in B, (silt + clay) in B, gravel in A and nitrogen
: depth A

% in A,

Significant correlation at the 05 level was found between site
index and the available phoséhorus in the A as shown in Figures 23, 30
and 42. Pawluk (80) obtained a significant relation between phosphorus
in the A2 and site index of Jack pine.

Available potassium was correlated with other soil properties
including gravel, sand, total exchangesble cations, C.E.C., moisture
at 1/3 atm, nitrogen, phosphorus, slope and inversely related to depth
snd pH. Available potassium significance was tested like phosphorus.
A correlation was found between available potassium and site(index as
shown by Figufes 35, 36 and 40,

The relation between (silt + clay) % of B horizon on site index
depth of A

was also tested by statistical methods. The reasoning being that the
development of the fine textured soil depth index is based on the
belief that site quaelity is a function of the amount and quality of
the growiﬁg space for tree roots in the soil. In the case of soils
which have highly differentiated proflles with respect to texture,
structure and consistence, the depth of the surface soil and certain
physical properties of the subsoil become pertinent factors in deter-
mining the volume and quality of growing space for tree roots.
Texture-depth indices less than 2 or greater than 8 indicate poor
sites. Highest site indices are found where the texture depth index
of the soil is between 4 and 6. This would represent a soil with 12"
of A horizon and B horizon containing 60% (silt + clay) (20). This

variable was correlated with other soill variables like depth A,
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{sand A x depth A), (silt + clay) of B x depth &, gravael in the A,
field capacity of B
and nitrogen for each horizon. Available phosphorus in the A, availabls

potassium in the A, C.E.C. in the A, (calcium + magnesium) in the A,
available phosphorus in the B, avallsble potassium in the B and
'(calcium + magnesium) in B.

An attempt was made to evaluate the relation hetween the texture-
depth index and site index. Though no gignificant correlation was
found between them, Figure 29 indicates that the higher site indices
105 & 108 were found when the texture-depth indices were between 4 & 6
respectively, which is concurrent with the above findings.

Water absorption, retention, movement and availability depends on
subsoll and are important factors affecting the growth of tree roots.
These properties also influence soil aeration or gas exchange between
the atmosphere and the air space within the soil. No relation was

obtained between the (silt + clay) in B soill variable and site index.
field capacity of B

The depth of the surface soil was a measure of the soil avallable for
occupancy by small roots. Many investigators have shown that the
depth of the surface soil influences the site index for the southern
pines, especially loblolly and shortleaf pine (58). This variable

(gilt + clay) in B x (depth A) was correlated with {(calcium + mag-
field capacity of B :

nesium} in the B, (silt + clay) in the B, (silt + clay) in the B,
field capacity of the B depth A

It was negatively correlated with available potassium in the A & in B.
This independent variable was positively correlated with site index.
A clear iinear relaticnship or a positive correlation between this
variable with growth of tree was obtained as shown in Figures 20 and

L3,
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Depth of B is alsb as imp@rﬁamﬁ ag depth of A horizon. Aé the tree
becomes larger the charaéter of the subseoil msay exert greater influence
on its growth. The amount of ‘Piner material, i.e., the‘(silt + clay)
fractioh inkthe sdil is diféctly correlated with waterhdlding.capacity
and water avallability. The effect of (silt + clay) content is more
pronounced in the more'sandy soils; apparently a content of 8 to 10%
(silt + olay) is'adequate for growth of slaéh pine (6), vHaving 8
larger émount of (silt + ciéy)_iﬁ the B hoiizon adversely affects tree
growth for want of aeration and drainage. ‘An invérsg relation was

found between this variable (silt + clay) in B and site index as shown
depth of B

in-Figureé 37 & uk,

The;effect of»ﬁopographic differences,on growth is of primary
importance and éppears to:be‘thefrelatidnship of soil and topographic
characteristiés which éffeét ﬁaterimovement and storage. land is
usually classified bj itskexposure of it is partitioned into ridges,
slopes and bottbm lands. Ridges.and upper alopes are driér.and
generglly poorer sites_than geﬁtle slopeé aﬁd terraces, Lower slopes
have a greater poﬁential éupply of water than upper sloﬁes with the
same precipitation. '

Slope was correlated with other soii_prqperties like (silt + clay),
pH, gravel, cléy, hydrogen, calcium, maghesium, potassiﬁm and nega~
tively correlgted with nitroéén, available phosphorus, etc. OSlope %
was tested statistically for each plot againstvsité iﬁdex. Slope was
negatively correlated with'site index, i.e,, an'increése of slope %
resulted in a decfeasingvsite index vélue. The‘higheSt éite index was
found when the slope was 1% and the 1owést‘site index was found when

the slope was 12%. A linear relétionship is shown in Figure 40 and
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other Figures 38 & 39 clearly show a negative corvelstion, Such re-
sults have been supported by numerous workers (35, 36, ko, 95, 108).
An atte;pt was made tof¢orre1ate s0il parent material and sc¢il
series with site ind¢x“bu€ noJSiénifiéant correlation was abtained,
Twenty-one'soil variabieS»were selected and an atﬁempt was made
to correlate them b& formulating‘regreésion or predlicting equations
with site index, These‘twénty—one variables were‘divided into two
separate Seté, one containiﬁg elevén variables and anéthér set con-

taining twelve variables, These two sets of variables were tested for

each horizon ie.»Al, A2, B

Boyy and B22t and regression equations were

derived.  This was done to isolate promising soil properties which may
be responsible for desirable shorfleaf pine growth., All of the par-
ticulars connected with the régressipn equations arebpresented in Tables
XXV to XXVII. Five soil properties in the AL, five in the A,, ten in
the 321t and four in the Bzét.ﬁere ¢orr¢lated by this prbcedure. The
most promiéing were depth, slope, gravel, clay, sand and sodium with the
second .set of variables and three spil properties in the Al, three in

the A four in the B and one in the 322t' The most promising of

2,

these were availaple water, phosphorus, nitrogen and available potas-

21t

sium, All of thé four hagrizons were combined for the first set of vari-
gbles and run by the stepﬁise multiple regression procedure, and two
strong soil propefties, slope and calcium were isolated for the final
run, Similarly three soil properties, i.e., slope, available water,
and potassium of B horizonsnwere isolated in the second set for final
run, These five pfoperties,.i.és, two from the first set and three from
the second set were combined andfrerunlwith fhe stepwise multiple re-

gression procedure in order to obtain a predicting equation for Coastal
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Plain soils of Oklahoma as follovs

Site Index i.e. Y.=.106.16403 -~ 0.82979 (slope percentage) - 0.38993
(s.pP.) (available moisture J¢* ~ 0.02989 (potassium)*

Available moisture'wés gignificant at the 01 level whereas availsble
potassium was significant at 05 level;of significance.

In the seb@nd instance thirty-six of the most promising and
suitableJVariablés were selected. None of these variables were
included in the twenty-one variables tested sbove. All the 36
variables wére split into-threé sets each containing 12 variables.
Particulars in regard to aetails‘are presented in Table 28, An
attempt was made to correlate ea¢h set of \fariabies against site index
of shortleaf'ﬁine through stepwise multiple regression, In the first
gset tw§ soillvariableé, i.e. (nitrogen in A x depth A) were negatively

correlated at the (1 level and (silt + elay) of B x depth A) were
field capacity of B

significant at tﬁe 05 level. In the second set nitrogen in the A was
significant at the 01 level. Phosphorus in the A was_signifiéant at
the 05 level althdugh a signifiéant felationship was hét showrn &
trend betWeen sﬁnd in?fhe A.and.sité index and between

C.E.C., and gsite index was obtained. In the final set potéssium in the
B horizon significantly correlated at the 05 level., The variable,

(silt + glay) of B, was not significantly correlated with site index
depth B . N

however, a negative trend was dbserveda
All of these eight variables as reported'above were combined and
rerun by stepyise multiple regression in order to correlate them with

site index and to derive a regression equation as shown below;
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Site Index, i.e. y = 81.03079 + 0.1775L (silt + clay) of B x depth A
(s,p.) - N field capselity of B

+

0.20162 (sand in A) - 437.86739 (nitrogen in A)

+ -

0.65072 (phosphorus in A horizon)

+

2,70938 (C.E.C. of A)

3 17156 (silt + clay) of B
depth B

Flnally two suitable and promlsing predicting equations were
derived for determinatlon of site 1ndex,of shortleaf pine grown in
Coastal Plain soils of southeast Oklahoma; Each of thése two equations
can be utilized’at the con#énienoe‘of the forester or soil scientist.
However, the second equation oppears to he promising and may be a
better predictiQe equations

1) Site Index i.e.y = 106.16403 ~ 0. 82979 (x )

(8.B.) - 0.36993 gxg)%*-o.02989 (%)
‘where
’xl = slope percentage
X, = ‘available moisture in A2 horizon
x3 = avallable potassium in B horlzons

2) Sl?e In?ex i.e, Y = 81 03079 + 0.17751 (x,) + 0. 20162 (xe)
S.B,) _
- 43T.B6T39 (xg) + 0,65072 (x,)
+ 2.70938 (x5) - 3.17156 (x

where
1

b)

= (silt + clay) of B x depth of A horizon
field capacity qf B

X5= sand % in A horizon

x3 = nltrogen % in A horizon .

X, = available phosphorus in A horizon
Xg = C,E.C, of A horizon

x = (silt + clay) of B horizon

é'- . depth of B
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 Distribution and Frequency of Forest Trees -

Since very early times it has been recognized that there 1s a
close relatlonship between vegetatlon and cllmate. The close identi~
fication of climate and vegetation is the consequence of thousands of
centuries of plant differentiation and adaptation. Since plants first
appeared'upon the earth, they’haue been_eubjected to the influence of
climate. Through'the elimination of'non—adapted species and through
the frequent origin of new forms. (mutant) many different tvpes of
plants have become adapted to widely different climatic conditions.
Locally the climax may not exist at all because of edaphic (soil) con-
ditions or because fire has. destroyed the dominant vegetation and it
has not had sufficlent time to become reestablished. .Under such con-
ditions -1t may appear as though the vegetative climax has been reached,
but the only true climax is the climatip climax. Edaphic,‘biotic, fire
and all other "so calledf'climaxes are capable of partial or complete
vexplanation.on‘the basis of the elimatie climax (7).

Every nlant is a produet of the eonditiOns under which it grows
and is therefore a'measure of an environment. It indicates in general,
and often also in a specific manner, what.other species would do if
grown in the samevplace. However, plant communitieS'are more reliable
indicators thanfindividual plants., Each plant and community moreocver
bring together a more or less definite soil and qlimate (101). Because
of this adaptation each maJor climatic region has a dominant vegeta~
tion group made up of several plantvspeeies each of which is adjusted
to the climate of that region (7). Parent material also affects tree
growth within the same climate region. The soil type and soil

characteristies affect the vegetative cover, distribution-and develop-



ment of trees. (39, 47). The'queéﬁinnvarises, howeverg-és @é‘why
different forest tree Schies with diffefént frequencies oceur in the
same climatic region. , |

Chandler (lH}Hreplied to.tﬁis question ﬁs foilows:

1) The distribution of the trees may have been accidental

originally, but once eStablished they have continued to repro-

duce fhemselveé and have madevthe site more or less favorable,
depending on the species present.

2) There may befdifferenéés iﬁ the soil characteristies which

have th been diséovered as-yet. |

3) The watér éonditioﬂé as detérmined by topograpﬁy may have

been influentiai iﬁ détermining the distr4buti§n of tree species.

It is also true that edaphic factors also play a major role
although plant assogiatioﬁ,.seéd mobility, biotic and fire factors
are also important in explaining fhefdistfibution and ffequency of
forest tree species., “Keepihg in view the above facﬁorsvavsecond study
was undertaken to‘investigate the relation between soil‘prbperties and
frequencf of tfée species and a'stafistiqal study was also méde in an
effort to détermine if a correlation existed among tree species and
soil properfies,“ ”

Twenty-eight tree species and thirty;one regeneration seedlings
were present in study area. -This study was primarily concerned with
the frequehcy'of tree species ﬁs sdil properties. Diffefent tree
species, theirvfréquency and.éegeneration seedlings are presented in
Tables XXIX to XXXII.and*Figufésde,‘56;.;Siméié:iiné§x:cdfrélation
studies.of'twenty—two.treé éﬁééiés“were;undertékén}iﬁf§¥a&r.to méésure

the  degree of~~as$oéia.t:tbh among them. f"Significant-‘ values ‘of ‘this study
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are presented in‘Table XI1,

Simple linear correlation studies were also undertaken to measure
the degree of association between soil properties end tree specles of
the following,signifiCant“Valﬁeé‘are préseﬁfed‘in Table XXII,

1, shortleaf pine, 2. white oak, 3. southern red oak, 4. dogwopd,

5. black oak, 6,>biaék gum, T, red maple, 8. black hickory,

9. mockernut hiqkory,'lo.‘blueleech, 11, winged elm, 12, sweet

gum, 13, post oak, 1h,_wi1drp1um,'15. tree huckleberry, 16. ash,

17. red mulberry, 18, holly,>19. willow ocak, 20. loblolly pine,

21. water oak,,22f sumac, 23, depth‘in inches, 24, slope per-

centage, 25. gfével; 26. sand, 2T. silt, 28, clay, 29, exchange-

able hydrogen; 30. exchangeable'clacium, 31. exchangesble mag-
nesium, 32, éxchangeéble potdssium,'33. exchangeable sodium,

SL. total exchangeable bases, 35. C.E.C., 36. moist at 1/3 atm,

37. moist 1 atm, 38. moist 15 atm, 39. available water,

Lo, nitrogén %, 41, available phosphorus, k2, afailable potassium,

43, pH paste i:l, Ly, bH,’KCl,

These twenty-eight species which were éresent iﬁ the study area
are reported in Tables XXIX éhdiiingsﬁﬁfgié;} §iﬁé;'white oék; southefn
red oak, black oak; post oak,.dogwood, black gum, red maple, winged
elm, sweet gum and wild plum were present on all of the 12 plots
present in the study area.

The most ffequent spécies oanowie'fine sandy loam iﬁ order of
decreasing frequency were southern red osk, post ocak, red maple, winged
elm, tree huckleberry, shummards oak, red mulberry; American elm,
persimmon, deerberry, sumac and holly. Shortleaf pine, white oak,

southern red oak, red maple, winged elm, sweet gum were present in all
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of the gix Bowie soil plots, whereas redbud was not prasent'in any of
them,  American elm, persimmﬁn, deerberry, were present only in Bowie
fine sandy Jloam plots and not on any other type of soil.

Shortleaf pine, white oak; southern red oék, dogwood, black gum,
red maple, sweet gum were presént in all the three plots pf Goldsboro
loam. Water oak, bitternuﬁ hickory, bluebeech, redbud, tree huckle-
berry, American elm, persimmoh, deerberry, were not present in all of
these plots, Thé‘most frequent species on the Goldsboro loam in order
of decreasing frequency were sweet gum and red maple.

Shortleaf, white oek, southern‘fed ogk, black oak, dogwood, black
gum, Mockernut hickory were presenﬁ iﬁ both the plots of Herndon loam.
Loblolly pine, water oak, black hickory, bitternut hickory, ash, hop-
horn beam, red mulberry, American elm, pérsimmon, deerberry, sumac,
holly were not piesent‘in these plots1'vThe most frequent species on
the Herndon losm in order ofadecreaﬁing_rrqquenpy were shortleaf
pine, white oak, dogwood, mockernut hickory, and redbud.

Out of the above 28 species'black hiékory, mockernut hickory,
blue beech, redbud, tree huckieherry,vhophornbeam, red mulberry,
American elm, peréiﬁmon; vace spp, holly were not present in Myatt
silt loam. The most frequent épecies on the Myatt silt loam in order
of decressing freguency were loblolly pine, post oak, willow oak,

water oak, winged elm, white oak,
Simple Linear Correlation Studies

Twenty-two soil properties were tested for correlation signifi-
cance with twenty-two tree species, and all twenty~eight species were

tested for correlation significance among themselves, Correlation



coefficient sipgnificant valuas betwaen tres

and correletion coefficients among tree s
¥IT and XIIT,

There was a significant correlétion betveen shortlsaf pine and
soll properties llke slope, nitrogen, phosphorus and potassiwm, A
significant éorrelation was &also found between shortleaf pine with
other species like ioblolly, veec spp and vhite osk, A negetive sig-

~nificant correlatlon obtained with wild plum,

No significant relation was found between wvhite oak soil
properties, however, there was a trend of increasing frequency with
iﬁcreaae of nitrogen, A significant correlation was also found hetween
white oak and with winged elm, holly, but it wag negatively signifi-
cantly correlated with hlack oak and water ocak.

There was a significant correlation found bhetween southern red
(4114 exchaﬁgeable‘magnesium, but & positivevtrend was shown with gravel,
#1lt, phoaphorus, potassium and a negative trend was shown with sand
and clay, A significent correlation was also found between scubhiern
red oak with other species like winged elm, holly, mockernut hickory.

No significant correlation was found either between dogwoéd and
301l properties end also with cther specles,

Menificant correlation was found between black oak and pH. This
specles was also significantly correlsated with bluebeech, sumac and

persimmon. A negativevsi@nificant correlation ﬁas obtained with
white oak, loblolly pine.

Wo significent correlastion was found between black pum and soll

properties but trend was shown with exchangeable hydrogen end ealclum.



CORRELATION COEFFICIENT AMONG FOREST TREE SPECiES

TABLE XII

(Scil Properties (Significant Values Only)

163

? 5. No. Variable Variable _Zébzf
1 Shortleaf - Pine Slope 0.80009%*
2 Shortleaf " Pine Nitrogen 0.747L0%4
3 Shortleaf  Pine Available phosphorus 0.70666%%
4 Shortleaf., Pine Available potassium 0.70680%%
5 White eak ‘ Winged elm 0.92099%%
6 White oak Black oak 0.,963%
7 White oak Water oak 1.0000%%
8 S. Red aak Holly 1.0000%%*
9 S. Red oak Ex. magnesium 0.99u63%4
10 Black oak Beech 1.0000%*
11 Black oak Sumac 0.99911=
12 Black oak pH KC1 0.69557%
13 Black gum Sweet gum 0.87606*ﬂ
14 Black gum Water oak -0.99154%+#
15 Red maple Available water 0.63822%
16 Black hickory Beech ~0.99735%
17 Black hickory Ex, magnesium -0.65296%
18 Black hickory Nitrogen -0.6H828%
19 Mockernut hickory Beech 1.0000%%
2Q Mockernut hickory Ash 0.97502%
21 Bluebeech - -Ex. bhydrogen -0.993%
22 Winged elm Loblolly- pine -1.0000%%
23 Winged elm Sweet gum 0.729%
24 .SWeet_gum ‘ Holly 1.0000%%
25 Sweet gum Willow oak 0.85u490+
26 Post ©ak C.E.C. ~0.67809%
27 Wild plum Moisture 1/3 atm 0.60798%
28 Wild plum Available water 0.71741%H
29 Tree huckleberry Water cak 1.0000%%*
30 - Tree huckleberry pH KC1 0.96225%
31 Willow cak Loblolly Pine 1.0000%%*
32 Willow ocak Sumac 1.0000%#*
33 Water oak Ex. hydrogen -0,94u402%
3y Water oak Ex. sodium 0.679%
35 Water oak Moisture 1/3 atm -0,817%
36 Water oak Molsture 15 atm -0.817%
37 Depth Slope 0.78581%%
38 Depth Silt , 0.63269%
.39 Depth Nitrogen 0.77437%%
40 Depth Available phosphorus 0.708u1%%
u1 Depth Available potassium 0.8720u%%H
42 Slope Nitrogen 0.9012u%%H
*Significant at .05 level
**Significant at .01 level




TABLE X1 -— Continued

5. No Variable Variable e
43 Slope Available phosphorus 0.94153%%
Lh Slope Available potassium 0.95513%%
U5 Gravel Sand ' -0.96080%%
u6 Gravel Clay o -0.99707%*
L7 Gravel Total €x. bases -0.70182%%
u8 Gravel C.E.C. . ~0,63716%
49 Gravel . Moisture 1/3 atm -0.86766%%*
.50 Gravel Moisture 1 atm ~0.810UHH %
51 - Sand Clay 0.95863%%
52 ‘Sand Total ex. bases 0.58098%

- 53 Sand Available waten "0, 74390%%
54 Silt Ex. magnesium 0.516L40%
55 Silt Total ex. bases 0.680907%
56 Silt 1C.E.C. 0.71802%%
57 Silt Moisture 1/3 atm 0.67478%
58 Silt pH Paste 1:1 0.73513%%
59 Clay C.E.C. - 0.65796%
60 Clay Moisture 1/3 atm - 0.88771%*

- 61 Clay Moisture 1 atm 0,83072%%
62 Clay Available water 0.76031%%*
63 'Ex. hydrogen Total ex. bases 0.69773%
64 Ex. hydrogen- pH paste ' -0.72419%%*
65 Ex. galcium Ex. magnesium 0.65562%
66 Ex. calcium Total €x. bases 0.61529%
67 Ex. calcium C,E.C. ’ 0.71776%%
68 Ex. calcium Moisture 1/3 atm 0.57159%
69 Ex. calcium Moisture 1 atm 0.65918%
70 Total ex. bases C.E.C. 0.90u57%%
71 Total €x. bases Moisture 1/3 atm 0.66587%
72 Total €x. bases Moisture 1 atm 0.82507%%
73 Total ex. bases pH Paste 1:1 -0.57226%
T4 C.E.C. Moisture 1/3 atm 0.68935%
75 C.E.C. Moisture 1 atm 0.83539%%
76 C.E.C. _ Moisture 15 atm .0,63955%
77 Moisture 1/3 atm Moisture 1 atm 0.92257#%%
78 Moisture 1/3 atm ‘Available water 0.92994u%%
79 Moisture 1 atm Available water 0.79793%%*
80 Nitrogen ‘Available phosphorus 0.92167%%
81 Nitrogen : Available potassium 0.938u3%%
82 Available phosphorus| Available potassium 0.94033%%
83 pH paste 1:1 pH KCL 0.64000%

*#Significant at .05 level
**Significant at .01 level




TABLE XIII

" CORRELATION COEFFICIENT AMONG FOREST TREE SPLCIES

(significant Values Only)

° : . P "3
8. No. Variable Variable A,
1 Shortleaf Pine . White o6ak 0,85710%
2 Shortleaf Pine Wild plum ~1.0000%%
3 Shortleaf Pine Loblelly pine 1.0000%%
4 Shortleaf ' Pine Vace spp 1.0000%*
5 White oak Black oak -0.96309%
6 White oak Winged elm 0.92099%
7 White ok Horse mint -1,0000%%
8 S. Red oak Mogkernut hickery 1.0000%%
9 Black oak Beech 1.0000%%*
10 Black cak Loblolly pine -1.,0000%*
11 Black oak Persimmon 0.99587%
12 Black oak Sumac 0.99911%
13 Black g£um Wild plum . ~1.0000%%
14 ~ Red maple Wild plum ~1.0000%%
15 - Black hickory Beech -0.99795%
16. Black hickory Vacc spp 1.0000%% -
17 . Mockernut hickory Beech 1.0000%%
18 Mockernut hickory | Hophornbeam - 0.975%02%%
19 Mockernut hickory Loblolly pine -1.0000%%
20 Winged elm I Redbud 0.72869%%
21  Winged elm Wild plum -1.0000%#
22 Winged ‘elm. Loblolly pPine 1,0000%%
23  Winged elm Vacc Spp 1.0000%%
24 Winged elm Water oak 1,0000%%
25 ~ Redbud Wild plum +1.0000%:
26 Redbud . Holly , 1.0000%%
27 Redbud - Vacc spp 1.0000%%
28 Sweet gum Wild plum 1.0000%%
29 Sweet gum - Ash 0.96093%
30 Sweet -gum Vacc spp 1.0000%*
31 Post oak Wild plum 1.0000%%*
32 Post oak Loblolly pine ~-1.0000%*
33 Post oak Vacc spp -1.0000%%
3y Ash Hophornbeam 0.94281%
35 Ash Horse mint 1.0000%%
36 Willow @k * Persimmon 1.0000%%
37 Willow oak Water oak 1.0000%%*
38 Willow oak . Sumac 1.0000%#*
39 Loblolly pine Bitternut hlckory 1.0000%%
40 Persimmon Horse mint 1.0000%*
41 Water oak Horse mint 1.0000%%
)

*3ignificant at 0.05 level.
#*%3ignificant at 0.01 level
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Black gum was also significantly correlated. with sweetfgum,*but 8,
negative correlation was obtained with wild plum, loblolly, water oak,
vace spp.

n s

A signi vant correlation was found bctween red maple.and ava1l~
able moisture but it was negat;vely correlated with.wild plum and
loblolly pine. | |

A negative s1gn1f1cant correlat1on was found between black
hickory and exchangeable magnesium, nltrogen. A negative significant
correlation was obtained with hlue beech.

An increasing trend was found between mockernut h1ckory and.
exchangeable calcium, exchangeable magnes1um and moisture at 1/3 atm.
Mockernut hickory was also significantly correlated withvloblolly pine
and vacc spp. | ) | | o

| A negative significant correlation was found'betweennblue beech
and exchangeable hvdropen. It was also slynlficantly correlated with
black oak, black hickory, and mockernut hickory. =

No significantvcorrelation was found between’wlnged_elmfand soil
properties but a negative trend‘was observed nith‘ekchangeable_potas_
sium, Winged elm was also significantly correlated ﬁ;th-réQbud,
loblolly pine, water oak, vacc'spp, sWeet gum, White:oak; southern red
oak but negatively correlated w1th wild plum |

Negatnve trend was found between sweet gum and depth exchange—
able magne51um, available phosphorus. A signlficant correlation was
also found between sweet gum and holly, wild plum, loblolly pine,
vacc spp, black gum, winged elm, w1llow oak and ash.v_

A s1gn1ficant correlatlon was found between redbud* -and with

other species like holly, vace spp, winged elm, but negatively
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correlated with wild plum.

“A negative significant correlation was found'between post oak and
C.E.C. This species was correlated with wild plum; A nepatlve trend
was observed between post oak and loblolly pine, vacc spp.i

A significant correlation was found between Wild.plum‘and‘
available moisture., Correlation wasg also found with shortleaf pine,
black hickory, sweet gum, post oak and inversely related w1th black
gum, red maple, winged elm, redbud.

A significent positive Correlation was'observed between tree
huckleberry and pﬂ, Trend was . observed with slope,-aveileble'notas-
sium and exchangeable sodium._'This‘tree epecies was_correlated.with
oak. : | | |

A poeltive trend ‘was found between ash and slope exchangeable
'ca101um, pH, but negative trend was observed with exchangeable potas-
sium, Ash was also significantly correlated with hophorn beam, per-
s1mmon, mockernut. hickorv, and sweet gum.

No correlation was found between red mulberry, : either with soil
properties, nor tree spec1es.

A significant correlation was‘found betWeen-bophorn beam* and
mockernut hickory, ash, and trend was shown with Holly, persimmon,

A positive trend was found between holly and nitrogen exchange-
able potassium,_but a negative trend was shown with silt. Holly sig-
nificantly correlated with white oak, southern red oak, redbud, sweet
. , .

A positive trend was found between willow oak andeeiChangeEble
potassium and a negative‘trend With'magneeium} A eignifieant corre-

lation was found between willow oak and persimmon, water oak, sumac
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loblolly pine end sweet éum.

A trend was found between loblolly pine and sand,.exchangeable
calclum, exchangeable magne51um and a negative trend was found with
exchangeable hydrogen and sodlumJ It was 51gnif1cantly correlsted
with water oak, bitternut hickory, black hickory, winged elm, sweet
gum, and willow oak. Loblolly pine was inversely reiated with black
oak, black gum, red meple,'post oak and mockernﬁt'hickory, |

A negati#e-significant correlation was found between weter oak
exchangeable hydrOgen,vand positive trend with pH‘and negatiye’trend
with exchangeable sodium. Weter'oak was also cofrelated with mocker—
nut hlckorv, w1nged elm, tree huckleberry, willow oak 1oblolly pine
and inversely related with whlte oak, black gum.

| A significant correlation‘was found between American elm* and
black oak,'ash, willow oek. |

A significant correiation was.found between'persimmon*:end black

voak, ash, Willow'oak. o |

A 81gn1flcant correlation was - found between frequency of vacc
spp end other tree specles llke black hickory, winged elm, red bud,
sweet gum, and inversely'related with black gum and mockernut hickory.

A positive trendAWae found between sumaC'and.graveleand negative
trend wae observed with silt, afeiiable phosphorus, exchengeabie hydro-
gen, . Sumac was‘elso’correlated'with black oek and wiliow oak,

Bitternut hickory* was correlated'significantly with the loblolly
pine.

Each soileproperty and the frequency of the sﬁeciesvthat each one

of these properties that are related are shown as TOIIst:

—

* omitted in. the correlatlon coefficient between SOll properties and
tree species. :
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Depth: sweet gum

Slope: shortleaf pine,'whité-oﬁk, tree huckleberry, ash.
Gravei: Southern red oak, black oak, sumac. |
Sand: Southerﬁ red oak,:black oak, loblolly'bine.

Silt: Southern red oak, pos# oak, holly, sumac.

Clay: Southern red oak, black oak.

Exchangeable hydrogen:' Black gum, blue beech, loblolly pine, water
" oak, sumac. ' :

Exchangeable calciumf Black gum, mockernut hickory, ash willow oak.

Exchangeable magnesium Southern red oak, black hickory, mockernut
hickory, sweet gum, -

Exchangeable potassium " Black oak, bluebeech, winged elm, ash, willow
osk. : . o

Exchangeable sodium: Blﬁe beech,.trée huckleberry, loblolly pine,
water oak. o

Total exchahgeabie éations:. Water oak.

C.E,C.: Black hickory, winged elm, post oak, water osak. o
Available water: Red maple, blue beech, wild plum,
Nitrogeh: ‘Shortleaf pine, wh;te oak, black hickory, holly,

Available phosphorus: Shortleaf pine, southern red oak, 3weetvgum,
sumac. : '

Availsble potassium: Shortleaf pine, southern red oak, tree
huckleberry. .

pH: = Black oak, post oak, tree ﬁuckleberfy, ash, water oak.

Sigﬁificant correlatioﬁ of 16b1011y piﬁe was found with eleven
other trée species, watef oak with eight, wingéﬁ élm with eight, sweet
gun with eight, wild pium with séven, vacc'épp with seven, mockernut
hickory with seven, wﬁite 6ak with six, black oak with six, black gum
with five, willow oak with five, southernmred oak with three and

lastly post oak was éorrelated with thrée other tree species as shown
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in Table XIII'

Iﬁ conclusion edaphic factors in sddition to other ecological
factors, play significant fole in affecting valuable tree species
freduency in this area éspecially-shoftléaf pine and white oak, which
are affected by siope percentaée; southerﬁ‘red oak, black oak, post
éak: loblolly‘pine which are affected by texture; black gum, loblolly
pine, water oak, willow oak, sweetvgum,,post‘oak which are affected by
exchangeablevcations and C;E.C.; red maple, bluebeech, wild plum are
affected by available water; Shortleaf pine, white oak, southern red
oak, sweet gum, black oak, post oak and water oak which are affected

by nitrogen and available nutrients.



CHAPTER V

SUMMARY AND CONCLUSIONS

Foresters as well as Agronomists and those engaged in soil research
are interested in appraising the productivity of different classes of
soil. Often as many as four to six site factors may be meaningful in
terms of wood production of a given species of tree and two or three are
likely to be of paramount importance. Scientific forestry, no less than
scientific farming, must be based on a knowledge of the productive
potential of the land (92). With intensification of forest management
has come the need for acre by acre classification of site quality.
Approximately 4.8 million acres of the total 5.5 million acres was
classified as commercial forest land in eastern Oklahoma. Shortleaf
pine, is one of the four pine species commonly referred to as Southern
yellow pine. It comprises about 1/4 of the total volume of pine timber
in the South which is shown in Figure 3.

The present investigation has been designed to study the
utilization of soil properties for site evaluation with the following
specific objectives.

1) To determine the relationship between soil properties and

site index of shortleaf pine (pinus echinata Mill) in

order to estimate the growing capacity of the Coastal
Plain soils of Southeastern Oklahoma.

2) To investigate the causes for the distribution of forest
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tree species in this region.

The three sectibﬁs of tﬁé‘state listed have unigue topographic
features which influence the development of natural yegetation; part of .
Southeast.Oklahoma contains the Gulf Coastal Plain. The_study area is
located in‘the vicinity of Broken Bow, in McCurtain County, Oklahoma as
shown by Figures 1 and 2. |

The soils included in'fhis:stpdyvrepbesent foﬁr spil types namely
Bowie fine sandy.loam,.GOldstrp.loam,.Herndon leam and Myatt silt loam,
Boﬁie fine sandy loam, Herndon:lbam, Goldsboro loam and Myatt silt loam
follow in decreasihg order'bf sand, Myatt silt loam, Goldsboro loam,
Herndon ldam.and Bpwie:fine'séndy'lqam féllow'in the decreasing order of
silt, Herndon, Myatt, Goldsboro and Bowie follow in the decbéasing order
of clay content. The general trend'in ail these pfofiles is a decrease
of sand; silt (except in Goldsboro) particle ahd én'increase of clay
content as the depth is‘increased.' This rglationship éuggests the
possibilify of eluviation of finevclay‘ffom the A hporizon inte the B
horizon, Goldsbbrb.loam, Herndgn loam, Bowie fine sandy loam and Myatt
silt loam follow{iﬁ the decreasiné order of finer material, it is but
natural for these profiles to follow in the same order when rating
availabie water. Méisture release curves in general indicate that mope
available water contained in‘the horizons where the clay content, finer
material or.Qrgahic.matter is present. ‘Présence»of less or more of
exchangeable hydbogen and calcium is related to the reaction of the
horizon. It also indicates that exchangeable calcium is deminant in the
Ay horizon (excépt in Herndon), exchangeable bases (cglcium, magnesium,
potassium, sodium) show decreasing trend in the Az, Bojt horizons, and

increasing trend in B, horizons. Higher C.E.C. is found in the A; than
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in the Aj. Thisvsuggesfs that C.E.C. dapénds on clay content, nitrogen
percentage and available moisture. Thefe'is a decreasing trend of pH
and nitnogen as the depth‘pbogressed. Chemical studies also indicate
that these profiies are low in available nutrienfs except Herndoﬁ loam.
Site index is the measure of all effective factors of_site, climate,

biotic and physi§graphic as well as edaphic factoré, Site index alone
is, at best, a measure of site‘potential for specific geographic or
genetic strain of a species. Regfessibn‘analysis indicated that the
.growth‘of shortleaf pine is related to slepe pércentageq available.
moisture, available.phosphorus in A, C.E.C, of A and variables like

(8ilttClay) of B
Field capacity of B

(Silt+Clay) of B’

x Depth of 4, Depth of B =~ °

Two- suitable predicting equations are derived for determimation of
site index of shortleaf pine grown in CQastal Plain soils of Southeast

Oklahoma.

it

106.16403-0.82979(slope)-0.38993(available
meisture in A, horizons)#%-0.02983(available
potassium in B horizons)®

. (Silt+Clay)
81.03079+O.17751.Field caﬁééity of-B"x Depth
of A+0.20162(% sand in A)-437.86733(% nitrogen
in A)+0.65072(Available phosphorus in A)%+
2.70938(C.E.C. of A)**3.171§6(Silt+01ay)of B

' ' " Depth of B

1) Y (Site Index)

2) Y (Site Index)

**Significant at 1% level
*Significant at 5% level

The question naturally arises however, as to why different tree
species and with different fbequencies occur in the same climatic
regions. Edaphic factors in addition to ecological factors, play a
~great part in influencing the freqﬁency of the>valuablé freévspecies as
shown in this study. This investigafion shows that fagtors like slope

percentagé affects the frequency of shortleaf pine and white oak. Soil
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texture affects Southern red oak;'blaek'oak, pos{voak:;iobioliyvpine.
Exchangeable cations in the soil and C.E;C affect the“diStrioufion of
black gum, 1oblolly pine, water oak, w1llow oak s%eet gum and post oak.
Available soil moisture affects red maplea bluebeech, w;ld plum°‘
nitrogen and available nutpients that of shortleaf.pine,‘whitevoak,
southern red oak, sweet gum, black oak and poét oak; e

Slmllarly 31gnlflcant correlatlon of shortleaf pine was found with
11 other tree speples. wWater oak with 8 w1nged elm w1th 8 sweet gum
with 8, wild plum with 7, Vacc Spp w1th 7 Mockernut hlckory with 7,
white oak with 6, black .oak with 6, black gum w1th 5, w;llpw oak w1th

5, southeprn red oak with 3, and lastly" post oak is- correlated Wlth 3

other tree species.
Suggestions For Future Research Work '

I. It is suggested to take more number,of plQéeefo;fsfudy:.
esperially for this type of reeearch work. It is: also suggested to take
some more soil propertles in addltlon to the present one, llke age, IL.W.
values, bulk den81ty, clay fraction especially’ Kaelin; Montmon;llonlte
and Illite (so far this aspect of resegrch has net been done), all
topographlc features, 1mportant so;l morphologlcal features, altltude
rainfall, frost free days (if there are any dlfferenees}_flre effect (if
present). All these properties must be eorrelateq'ﬁitﬁos.i{fof.desired
tree species, on each different'soil,type found‘in'Qoastal.Plain soils
to derive-predioting equation for each one'of"thewls”eembineieil of them
to get flnal regression equation, for the entlre area;v;;'kﬁ”“ |

1. 8hortleaf pine, 2. Loblolly plne, 3 Pest oak 4 Red 0ak

5. Black oak, 6. White oak, 7. W;llow oak, '8 Water oak 9', Red
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~gum, 10, Black gum are the important forest tree sppeles which arve
valuable from the viewpoint-of.commercialvand other utilities
distributed in Coastal Plain so¢ils thch is-about 500 thouéand acerage
in area. a

IT. Cpmprehensive study of the relationship of soil properties and
site index of these species is suggested. It wil]l not be time consuming
because soil profiles and soil properties are common to many species
only extra work which is required to take site indices of these species
and run stepwise multiplg negréssion for each species. |

JIT. Another'bieée of pesearch work.which is suggested here is to
study the relationship of site indices of ten free species referred to
above, so that when fhé‘site of one species is known for a given piece
of land it is possibie to determine by use of equations or chart, the
site index for one or all the other nine. species.,

If the aforesaid valuable.reseérch is undertaken I am sure farmers
and industrialiéts will be benefited much in kind and cash and also one
aspect of the research work will be completed and it will be on a par
with other stétes where research is being carried out wifh soil

properties and growth of forest trees.
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TABLE XIV

PHYSICAL PROPERTIES

SOIL TYPE: BOWIE FINE SANDY LOAM
PLOT NO. 6
Lab No. Horizonj Depth | S Gravel| Mechanical Analisis | Textural Moisture Release Characteristics

in 1 % Sand {Silt Clay Classification {1/3 atm |1 atm |15 atm |Available

Inches | 0% % % % Moisture

b
e

66-5-367 | Ay o-4 | 1.7 56 35 9 Sandy loam 10275 8.9 b.26 6.149
66-5-368 Ay 4-12 3% 2.9 59 32 9 Sandy loam 8.85 8.08 3.19 5.66
66-5-369 | Byi, 12-140 1.5 58. ] 31 11 Sandy loam 11.68 8.15 4,18 7.50
66-5-370 | Baog 40-50 2.7 55 32 13 Sandy loam 10.84 10.27 4.88 5.96
b1.OT NO. |
lb6-5-371 | A 0-4 11.5 62 34 4 Sandy loam 9.47 7.36 4.24 5.23
66-5-372 | A 4-13 | o 9.2 59 | 35 6 Sandy loam 13.39  |10.03 2.33 11.06
56-5-373 | Boit 13-27 7.1 55 16 29 Sandy loam 16.54 15.28 5.65 10.89
56-5-3714 | Boot 27-36 g.5 | 50 {21 29 iigiy clay 12.34 | 8.56 | 8.50 3.8L
PLOT ﬁOe
66-5-375 | A, 0-4 2.7{ 51 | u3 6 | Sandy loam 15.32  [10.08 | 5.65 |  9.67
b6-5-376 Ay 4-16 3% 2.7 1 50 410 10 Loam 27,12 15.21 3.39 23.73 -
66-5-377 | Byyt 16-31 2.6 | 85 | 39 26 Loam 28.45 [19.88 | 9.53 | 18.92
K6-5-378 Boot 31-39 2.9 36 35 29 Clay loam 31.87 23.50 9.88 21.99

q8T1



TABLE XIV — Continued

PLOT NO. 11
Lab No. | Horizon | Depth }| S |Gravel|Mechanical Analisis | Textural Moisture Release Characteristics
. 1 —— . .
in o % Sand } Silt | Clay Classification 1/3 atm| 1 atm | 15 atm | Available
Inches | 0% o 5 s )
b % % s Moisture
e
66-5-387 Al 0-5 5.4 62 28 10 Sandy loam 11.91 9.18 8.63 3.28
66-5-388 [ A2 5-8 4.0 72 21 7 Sandy loam 11.85 | 10.34 744 4.l
66-5-389 | B2ly 8~17 1 59 | 15.7 oL 26 10 Sandy loam -9.40 9.18 7.43 1.97
o !
66-S 390 | B,,t 17-31 6.2 51 16 33 Sandy clay 17.60 | 15.46 8.63 8.97
66-5-391 1 A, and | 31-42 0.3 61 19 20 Sandy clay 12.30 | 10.3% 8.63 | 3.67
Byoyt ' loam
PLOT NO. 12 ) o
66-5-392 | A4 0-6 1.4 42 36 22 Loam 9.14 8.63 .y 7.70 1.44
66-5S-393 | A, 6-14 | oo 1.5 52 35 13 | Loam 9.84 9.40 8.48 1.36 ]
13% _ .
66-5-394 Byt 14-36 1.7 50 33 17 Loam 18.58 12.80 12.47 6.11
66-S-395 1 Boot 36-67 2.1 52 27 21 Sandy clay 20.15 | 12.92 | 14.27 5.88
' loam
PLOT NO. 13
67-S-805 | A; 0-8 1.3 77 21 2 Sandy loam 9.79 5.70 2.45 7.34
67-5-806 | A, 8-15 39 2.0 73 21 6 Sandy loam 12.07 7.73 1 3.14 8.93 -
%
67-S-807 { Byt & f 15-52 3.3 61 21 18 Sandy . loam 17.59 | 12.96 7.90 9.69
Baot ’ '
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TABLE XV

PHYSICAL PROPERTIES

SOIL TYPE: GOLDSBORO LOAM
PLOT NO. 5 )
Lab. No. ] Horizon Depth‘ S | Gravel Mechanical Analysis Textural ‘i Moisture Release Characteristics
8% % Sand | Siit | Clay Classification 1/3 atm |1 atm |15 atm [Available
e % % % Moisture
66-5-358 1 A, 0-2 .Hgi 58 33 g Sandy 1oaﬁ 16.42 [12.07 4.99 | 11.43-
66-S-359 A, 2-5 5.1 60 31 9 Sandy loam 13.57 | 10.58 3.84 9.73
66-S-360 By 5-16 1% 3.9 52 36 12 Loam 18.70 10.55 3.48 15.22
66-S-361 | Byj+ | 16-28 3.8 u2 35 23 | Loam 30.41 }17.93 1 7.66 22.75
66-5-362 | Boot 28-39 3.7 33 38 29 Clay loam 33.28 121.59 | 10.3% 1 22,94
PLOT NO. i ~ ’
66-8-379 | Ay 6—3 1.3 30 59 11 Loam 33.04 18.66 §.n7 28,57
-66—8—380‘ Ay 3-13 . 19 1.2 24 80 16 |silt loam 30.60 18731 3.99 26.61
66-35-381 Bj 1 13-25 18 B3 19 Silt loam 31.73 20.86 5.00 | 26.73 |
66-5-382 Boit 25-41 0.9 20 65 15 1Silt loam 30.61 23.80 5.87 | 24,74
PLOT NO., 14
67-5-808 Al 0-5 1.2 59 39 2 Sandy leam 17.97 9.09 4.00 13.97
67-S-8091 A, 5-12 19 1.5 56 36 8 Sandy loam - 16.37 9.041 3.93 | 12.4y
67-S-810 Boit 12-34 2.9 35 L7 18 Loam 24.10 115.85 8.09 16.01
67-S-811 | Byoy BU-6l4 ' 26 40 34 {Clay loam 25.30 |17.70 | 10.10 15.20
67-5-812 Bost '6h—747 6.7 51 39 10 Loam 17.38 10.86 7 h,84 12.54%

L8T



TABLE XVI

' PHYSICAL PROPERTIES

SOIL TYPE: HERNDON LOAM

PLOT NO. 2

Lab qu . Horizon| Depth % Gravel Mechanical Analysis ‘Tgxturn*éi% ) ) Moisture Release Characteristics
Sel % | sand| siit | ciay | Ctessifieation bius iin| 1 atm 45 atm |Available
e % % % Moisture

66-S-350| A 0-2 42.19] 41 | u8 11 | Loam 29.82 | 20.69 | 11.86 | 17.96

66-S-351 As 2-5 121 34.96 48 38 14 Loam 23.82 20.30 6.27 17.55

66-S-352 By 5-~14 22.78 31 43 16 L.oam 19.67 15.24 5.50 14.17

66-S-353 Boyt 14-27 16 .67 28 37 35 Clay loam 34,75 26.7¢ 12.66 22.11

PLOT NO. 3

66-S-354 Ay 0-i4 11.94% 55 35 10 Sandy loam 23.40 20.70 6.63 16.77

66-5-355 Ao 4-10 12 19.921 59 28 i3 Sandy loam 17.80 >.15.22 3.53 14,27

66-5-356 Boit 10-15 4,81 49 37 23 Loam 19.21 | 17.62 7.11 12.10

66-5-357 Boot 15-30" 0.86 24 27 49 -1 Clay 28.20 | 26.93 16.30 11.90

SOTL TYPE: MYATT SILT LOAM

PLOT NO. 10

66-S-383 ‘Al 0-5 0.5 36 56 8 Silt loam 26.51 18.56 9.39 17.12

56-S-384 Azq 5-16 1 0.4 37 51 12 Silt loam 25.83 17.04 11.08 14.75

56-S-385 Bth 16-33 0.8 28 53 19 Silt loam 2C.15 11.48 13.681 6.54%

56-5-386 | Bootq | 33-36 1.0 24 51 25 | Loam 20.63 |20.18 | 14.29 6.3L

881
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TABLE XVII
CHEMICAL PROPERTIES
SOIL TYPE: BOWIE FINE SANDY LOAM

PLOT NO. 6

Lab Hori- Depth [pH Exchangeable Cations M.e./100gms. {C.E.C.
Number |zon [in Paste o M.e./
Tnches|1:1 i ca Mg K Na | Total 100gms
66-5-367 | A, 0-4 1 6.0 |1.99 3.7 | 3.36 10.26} 0,61 9.92 8.78
66-S-368 [. Ay L-121] 5.8 }1.00 2.2 2.00 j0.261 0.70 6,16 6.00

66-5-369 | Byt | 12-40] 5.3 |3.u9 | 2.3 | 2.00 |0.31] 0.22 | 8.32| 5.28
66-5-370 | Byoy | 40-50| 5.1 |3.49 | 2.2 | 2.51 [0.26] 0.26 | 8.72 | 6.16
PLOT NO. 7 -

66-S-371 AI‘ o-4 | 5.2 |3.98 | 3.3 | o.8u |0.26] 0.22 | s.60 8.14
66-S-372 A, 4-13] 5.1 {0.75 | 2.8 0.3% |0.31] 0.35 | u.55 3.58
66-S-373| Byt | 13-27| 4.9 {3.98 | 2.3 | 2.00 |0.31} 0.26 | 8.85| 6.00
66-S-374 | Bpp. |27-36| 4.8 |4.23 | 2.8 | 3.01 [0.61 0.22 |10.87 9.21
PLOT NO. 8 j ‘

66-S-375 | Ay o-t | 5.1 |1.25 | #.0 | 3.34 Jo.31| 0.22 | 9.12] 9.85
66-S-376 | A, 4-16| 4.8 [1.00 | 3.0 | 2.51 |0.31) 0.22{ 7.c4 | 6.43

66-S-377 Bpjt | 16-31¢( &4.5 }1.00 4.0 5.01 |0.21] 0,35 }10.57 | 11.57
66-S~378 | Boot | 31-39) 4.7 [2.00 3.1 3.06 10.31| 0.26 8.73 12.71

PLOT NO. 11 )

66-5-387 | A, 0-5 | 5.9 {0.75 | 3.1 | 2.00 |o.10] 0.22] 6.17 | 5.57
66-5-388 | A 5-8 | 5.7 |1.25 | 3 1.79 10.10| 0.17 | 6.u1 | 4.63|
66-5-389 | Bpi¢ | 8-17| 5.5 |2.50 | 3.1 | 0.84 [0.10| 0.17 | 6.71 | 6.14
66-5~390 | Boyt | 17-31| 4.9 {6.28 | 2.5 | #.18 |0.31] 0.17 | 3.39 | 16.35
06-5-391 'gézt 31-42| 4.8 | 4.21 2.6 | 0.33 0.26}10.22 | 7.62 | 5.71
PTOT WO, 12 -

66-5-392 | A, 0-6 | 4.7 [3.98 | 2.6 | 3.3u Jo.10] 0.26 |10.28 | 10.85
66-5-393 | A 6-14| 4.8 [1.25 | 0.4 | 1.79-]0.15} 0.26 | 3.85 | 3.84
66-5-394 | Byy¢ | 14-36| 4.6 [5.70 | 0.6 | 1.39 |0.23 0.35 | 8.27 | 7.71
66-5-395 | Bypy | 36-67| 4.3 {6.94 | 0.5 | 1.00 [0.13] 0.39 | 8.96 | 9.28




TABLE XVII ~— Continued

190

PLOT NO. 13 |

Lab Hori-{Depth {pH Exchangeablg Cations M.e./100gns. C.E.C,
v6'7-,-8—805 Ay 0-8 5.:2 2.23 1.5 | 1.00 0.31 052,2 5.26 4,28
67-5-806 | Ay 8-15 5,0v2.23 2.0 1.67f 0,41 }10.38 6.69 6.1
67-5-807 § Boy¢) 15-52} 4.9 |4.48 1.0 1.25} 0,51 10.43 7.67 8.43
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SOIL TYPE: GOLDSBORO LOAM

PLOT NO. 5 ’ ' | - .

Lab Hori-{Depth pH‘ Exchangeable Cation;lg.e,/10953§;_- C.E.C. |
S %gches E?ite § ca Mé; rK ﬁa ‘Total ﬁégéés
66-5-358 | A, 0-2 | 5.9 2.7 %.00 4.18 |0.26 |0.35 |11.53] 12.28
66-5-359 | A, 2-5 | 5.8 {1.25 | 2.80 |4.18 [0.05 |0,35 | 8.63| 12.35
66-5-360 | By 5-16] 5.7 |1.00 | 2.00 {1.67 {0.77 |0.u3 | 5.87| u.1u
66-5-361 | By« | 16-28| 5.2 ]2.99 | %.50 {2.51 {a,31 |0.26 {10.57| 10.85
66-S-362 | Bopy| 28-39) 5.0 {14.99 | 2.50 {2.92 {1.53 fo.u3 [12.37| 12.42
PLOT NO. O |

66-5-379 | A, 0-3 | w.g [u.u8 | 3.1 |3.01 |o.s1 [o.22 [11.22] 11.57
66-S-380 | A, 3-13} 4.8 [3.08 | 2.8 |1.50 {0.21 {0.26 | 8.75| 6.43
66-5-381 | By | 13-25| 4.8 Ju.98 | 2.3 |1.50 {0.61 [0.22 | 9.61{ 7.1u
66-5-382 | Bpy| 25-41| 4.7 |u.98 | 3.0 |3.01 |0.26 0.18 [11:u3] g.12
PLOT NO. 1t | B —

67-5-808 | Ay 0-5 | 5.3 |4.u6 | 2.00|1.20 |0.51 |o.43 | 8.60| 6.64
67-5-809 | A, 5-12] 5.2 {2.78 | 1.50 {1.00 }0.51 Jo.u3{ 6.17| 5.57
67-5-810 | Byyy| 12284 4,8 |u.ug | 1.00 [1.25 |o.u1 o0.38 ] 7.52] 9.00
67-5-811 | Byoy | 3u-6u| 4.9 |5.98 | 1.50 |1,20 [0.62 |0.38 | 9.68| 11.71
67-5-812 | Byst| 6u-7u] u.9 {u.710 | 1.50 {0.83 |0.51 {0.35| 7.90] 6.28
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TABLE XIX
CHEMICAL PROPERTIES

SOIL TYPE: HERNDON- LOAM

PLOT NO. 2

Lab Hopi - Depth IpH Exchangeable Cations M.s./100gms. C.E.C

Number fon fn Paste]. i ‘ ’ 1 M.e./
Inches |1:1 & ca Mg K Na | Total 100gms

66-S-350 A1 0-2 {541 |5.59 | 5.10 |5.01 |0.31 [0.70 |16.71 16.35

56-5-351 | Ay 2-5 {5.0 ]3.99( 2.2012.08 }0o.41 f0.64 | 9.32 8.78

66-S-352 | By 5-1415,0 | 4.48 | 1.80 {3.34 {0.21 j0.64 j10.u47 9.92

66-5-353 | Boyt 414-27 4.6 4,59 2.20 13.36 {10.10 10,70 {10.95 12.35

PLOT NO. 3

66~-S-354 | Ay 0-4 4.8 6,721 4,00 {2.51 {0.41 }0.52 j14.16 12.14
66-S-355 | Ap 4-1014.9 5.98 2,30 }2.51 10.26 jOo.u44 |11.49 10.85

66-S-356 | Byy+ |10-15]4.8 |5.85| 1.00|1.67 [1.28 }0.43 |10.23] 9.92
66-S-357 | Boor |15-30|4.8 [10.58 | 1.20 | 4.68 | 0,51 | 0,26 |17.23{ 18.u2

SOIL TYPE: MYATT SILT LOAM
PLOT NO. 10

66-S-383 | Ay 0-5 4;6  3.49 4.0 | 2.5i O.él‘ 0.17 1 10.38 10.26
66-S~-38U Axg S5S-1o614.7 5.48 3.5 2.5110.3110.35 (12.15 11.57
66-5-385 Bth 16-33 (4.9 7.48 3.0 3;34 ¢.10 1 0.39 114,31 12,71
66-5~386 Bzth 33-3615.0 6.72 3.0 2,50 10.8910,65}13.76 16.94
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CHEMICAL PROPERTIES
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SOIL TYPE: BOWIE FINE SANDY LOAM
PLOT NO. 6 _
Lab Hori- |{Depth pH Nitroger AQaiiable Nutrienté
Number zon in Paste{ KC1 % Lbs. Per Acre

‘ ‘Inches j 1:1 — Ph9sgﬁbrus | Potassium
66-5-367 | Ay | O-i 6.0 | 5.4 | 0.052 7.54 105
66-5-368 | A, 4~12 | 5.8 | 5.0 | 0.037 7.56 85
66-5-369 | Boit 12-40 5.3 | 4.1 | 0.013 5.65 100
66-S-370| Bpoy | 40-50 | 5.1 - 0.009 7.54 30
PLOT NO. 7 ‘
66-5-371| A 0-1 5.2 | 4.7 | 0.103 9.63 130
66-5-372| A -13 4.2 | p.o21 3,77 70
66-5-373 | Boiy| 13-27 | #.9 | 3.8 | 0.017 3.77 105
66-S-374| Booe| 27-36 | 4.8 | 3.7 | 0.021 3.77 165
PLOT NO. 8 1 ’
66-5-375| A} 0-1t 5.1 | 4.5 | 0.155 18.85 165
66-$§576 Ay 4-16 . 4.0 | 0.026 5.65 60
657Sié77 Byt 16-31 3.7 | 0.013 3.77 165
66-5-378| Bao¢| 31-39 | 4.7 | 3.6 | 0.015 3.77 . 170
PLOT NO. 11~ 7 o
66-5-387| A1 0-5 5.9 0.065 5.66 100
66-5-388] Aj 5-8 5.7 : 0.021 7.54 110
66-5-389| Bo14| 8-17 4.7 | 0.009 5.66 30
66-5-390| Bopr| 17-31 | 4.9 | 3.9 | 0.021 5.66 205
66-5-391 ﬁi;; 31-42 | 4.8 | 3.9 | 0.009 5.66 90
PLOT NO 12 —
66-5-392] A, 0-6 7 | 3.8 | 0.051 7.54 100
66-5-393| A, -1t 3.8 | 0.013 5.66 75
66-5-394| Bayy| 14-36 | 4.6 | 3.4 | 0.013 3.77 75
66-S-395| Boo| 36-67 | 4.3 | 3.5 | 0.011 1.89 70
PLOT NO. 13
67-5-805| A1 0-8 5.2 | 4.2 | 0.057 3.77 70
57-5-8061 A2 8-15 . 5.0 3.9 '0‘031 3.77 85
67-5-807| B21l¢) q15.59 4.9 | 3.6 | 0.040 1.88 90

Baot
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TABLE XXI
CHEMICAL PROPERTIES

SOIL TYPE: GOLDSBORO LOAM

 PLOT NO. § o -
Lab _ ‘Hbrizon Depth pH | Nitrogenj> Available Nutrients
Number in Paste | KC1 % . Lbs. Per Acre

Inches| 1:1 Phosphorus | Potassium

66-5-358 | Ai 0-2 5.9 5.3 0.073 7.54 7 90
66~-5-359 Ay ’ 2-5 | 5.8 5.1 0.043 7.54 65
66-5-360 By 5-16 5.7 L.6 0.026 3.77 : 60
66-S-361 “Boit 16-28 5.2 4.1 0.013 5.66 130
66-5-362 | Bootr | 28-33| 5.0 [3.8 | 0.017 1.89 175
PLOT NO. 9 ‘
66-5-379 | A, | 0-3 v.8 |41 | 0.056 | 9.63 80
66-5-380 Ay 3-13 4.8 3.9 0.026 3.77 75
66-5-381 By 13-25 4.8 3.8 0.013 1.89 90
66-5-382 | Boyt 25-u1 | 4.7 |3.8 | 0.021 1.89 90
BTOT NO. 1H ‘ — 1
67-s-808 | A, - | o0-5 5.3 |u.s | 0.079 13.20 | 80
67-5-809 Ay 5-12 5.2 4.0 0,031 5.65 60
67-5-810 | By1y 12-34 | u.8 3.5 | 0.026 3.77 120
67-5-811 | Baot. su-64 | 4.9 3.5 | 0.026 3.77 110
67-5-812 | Bost BL-74 4.9 3.6 0.022 5.66 70
I
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’SOIL TYPE: HERNDON LOAM

PLOT NO. 2 o

Lab Horizon | Depth pH | Nitrogen Available Nutrients

Number in Paste | KC1 % Lbs. Per Acre
Inches | 1:1 . Phosphorus | Potassium

66-5-350 | A4 0-2 | 5.1 |u4.8 0.249 77.29 470

£6-5-351 | A, 2-5 5.0 | u. 0.120 54.67 420

66-5-352 | By 5-14 | 5.0 0.034 20.74 340

66-5-353 | Bpi+ | 14-27| 4.6 | 3.8 0.052 3.77 225

PL.OT NO. 3

66-5-354 | A4 04 0.129 16,97 210

66-5-355 | A, 4-10 . 0.043 7.54 130

66-5-356 |  Boyt 10-15 4.0 0.021 3,77 225

56-5-357 | Byot 15-30 3.7 0,026 3.77 230

SOIL TYPE: MYATT SILT LOAM

PI.OT NO. 10

K6-S~-383 Ay 0-5 .6 3.9 0.073 7 .54 100

6-S~-38L4 A2q 5-16 n.,7 3.9 0.026 3.77 75

66-S~385 Bth ‘ 16-33 .9 3.6 0.017 3.77 4o

66-S-386 BZth 33-36 5.0 3.7 0.026 1.89 40




TABLE XXIII

DEPENDENT AND INDEPENDENT (SOIL CHARACTERISTICS) VARIABLES (23)

FOR STEPWISE MULTIPLE = REGRESSION ANALYSIS

(1st and 2nd Analysis)

Independent Variable

Horizon wise

Plot

Capacity (C.E.C.)
M.e/100gms.

Ay 5By 5By £5Bont

"S. No. Dependent Soil Type
for Entire |Variable
Profile i.e. Site
Index
X1 Depth in inches Aj,A2,Bo1t,Boot 1 |Plot No. 6(367) 106 Bowle fine sand loam
Xo Slope Percentage :, ‘ » 2 Plot No. 7{(371) . B4 Bowie fine sand loam
X3 Gravel Percentage Ay ,A>,Boit,Boot 3 Plot No. 8(375) 80 Bowie fine sand‘loam%
Xy Sand Percentage Ay ,A5,Bo1tsBoot 4 Plot No. 11(387) g5 Bowie fine sand loam|
X5 Silt Percentage A ,A2,B21t,B2o+ 5 Plot No. 12(392) - 108 Bowie fineisand loam
- Xg Clay Percentage A1,R2,Bo1%,Booy 6 Plot No. 13(805) - 96 Bowie fine sand loam
1 x7 Ex. H M.e,/100gms. | A1,A2,B21t,B22¢ 7 |Plot No. 5(358) 104 Goldsboro loam
Xg Ex. Ca M.e./100gms. Aj,A2,B21¢,B22¢ 8 Plot No. 9(379) 92 Goldsboro loam
X9 Ex. Mg M.e./100gms. Aj,A2,Bo1t,Boot ] 9 Plot No. 14(808) 97 Goldsboroe loam
X10 Ex. K M.e./100gms. Aj,A2,Bo1¢+,Boot | 10 Plot No. 2(350) 79 Herndon loam
X11 Ex. Na M.e./100gms. {  A1,A2,B21t,Bo2t | 11 Plot No. 2(354) 87 Herndon loam
Y bepth in inches . AL +Ap »BystsBypt 12 Plot No. 10(383) 102 Maytt Silt loam
X Slope P=rcentage |
%3 Cation Exchange-

961



TABLE XXIII — Continued

Independent Variables

Horizon wise
for Entire
Profile

. No.

Plot

Development
Varilable
i.e., Site
Index

Soil Type

Xy

Xg

X7
Xg
Xg
X109
X11

X12

Moisture Percentage
at 1/3 atm

Moisture Percentage
at 1 atm

Moisture Percentage
at 15 atm

Available water
Nitrogen Percentage
Available Phosphorus
Available Potassium
pH Paste (1:1)

pH KCl

A19A29B21t9B22t

A19A23B21tsB22t

A1sA2,B21t,B22¢

Ay ,A7,Bo 1,820t

A1,A2,Bp1¢5B2ot |
| A1s82,B21¢,B20t
A1,A2,Bo1¢,B20t

"A1,A2,B1¢,Boot

A1,A2,B21,,Bo0t
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TABLE XXIV

DEPENDENT AND INDEPENDENT (SOIL CHARACTERISTICS) VARIABLES (36)
FOR STEPWISE MULTIPLE REGRESSION

SOIL TYPE: BOWIE FINE SANDY LOAM
S. No.| Independent Variables Plot 6(367) |Plot 7(371) | Plot 8(375) | Plot 11(387) | Plot 12(392) | Plot 13(805)
Site Index |Site Index | Site Index | Site Index Site Index Site Index
106 8L 80 95 108 86 ]

% Soil Series a n i 3 4 3
Xy Parent Material Q 2 2 2 2 2
X3 Depth of A horizon 12m 13" 16" g gy 15
Xy Depth of (A+B) horizon 50" 36" 39" . y" 67" 52m
X5 Texture of Top Soil 1 1 1 1 2 1
Xg Sand% in AxDepth of A 684 793 i 816 536 658 1125
X7 Silt% in AxDepth of A 4 408 455 672 192 560 315
xg Clay% in AxDepth of A 108 65 128 72 182 60
Xg Nitrogen % in

AxDepth of A 0.540 0.806 1.456 0.34L4 0.448 0.660
X710 (Silt+Clay)% of B).

(Field Capacity -B)

x Depth of A 46.80 42.9 35.2 24.8 72.8 42,0
%1 | Silt% in BxDepth of A | 381 234 576 160 420 315
X2 Clay% in BxDepth of A 1h4 377 Lug 168 266 270
X1 Gravel % in A horizon 2.3 10.4 2.7 4.7 1.5 1.7
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TARLE XXIV — Continued

. No.|Independent Variables| Plot 6(367) | Plot 7(371) { Plot 8(375) | Plot 11(387)| Plot 12(392)| Plot 13{805)
Site Index | Site Index |Site Index |Site Index Site Index Site Index
1086 8L 80 95 108 396
X9 Sand % in A Horizon 57 61 51 67 47 75
X3 Clay % in A Horizon 9 5 8 3 13 U
Xy {Silt+Clay)% in A :
Horizon 43 40 50 33 53 25
x5  |pH of A Horizon 5.2 5.2 4.9 5.8 4.8 5.1
X6 - Nitrogen % in A _ ‘ .
Horizon 0.045 0.062 0.091 0.0u43 0.032 0.0u44
1 x7 Nitrogen % Ave/each
Horizon 0.028 0.041 0.052 0.025 0.022 0.043
%8 Available p in A
Horizon 7.6 6.7 12.3 6.6 6.6 3.8
X9 Available K in A
] Horizon .95 100 113 105 88 78
X10 C.E.C. of A Horizon 7.4 5.9 8.1 5.1 7.4 5.2
X11 Exchangeable (Catlg)
in A Horizon 5.6 4.5 3.2 2.5 2.0 1.5
‘ X1 |Exchangeable H.in A
Horizon 1.5 2.2 1.1 1.0 2.6 2.2
%1  |Gravel % in B Horizon 2.1 7.8 2.8 7.4 1.9 3.3
) Sand % in B Horizon 57.0 53 36 59 51 61
83 Clay % in B Horizon 12.0 29 28 21 19 is
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TABLE XXIV — Continued

S . No.j Independent Variables | Plot 6(367) | Plot 7(371) |Plot 8(375) {Plot 11(387) |pilet 12(392) {Plot 13(805)
Site Index Site Index Site Index |Site Index Site Index Site Index
106 84 80 g5 108 96
X 1 (Silt+Clay) % in B
L y
Horizon : 4,0 47 64 L1 Lg 39
X5 Available p in B :
: Horizon 6.6 3.8 3.8 5.7 2.8 1.9
Xg Available K in B
Horizon 135.0 135 168 128 73 7 380
X7 C.E.C. in B Horizon 5.7 7.6 12.1 9.4 8.5 8.4
Xg ‘Exchangeable {(CatMg) _
in B Horizon 2.5 5.1 2.5 2.3 0.9 1.1
Xg Exchangeable H in B : _
Horizon 3.5 b.1 1.5 .3 6.3 4.5
i Xlo (Sil‘t-f-Clay)%; in
Field Capacity
B Horizon 3.9 3.3 2.2 3.1 5.2 2.8
xy1; |(8ilt+Clay)% B in
Depth of B
B -Horizon 1.2 2.1 2.8 1.2 0.9 1.3
X1, 1(S8ilt+Clay)% of B
Depth of A
in B Horizon 3.7 3.7 u.1 5.1 3.5 3.3
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TABLE XXIV — Continued

“SOIL TYPE: GOLDSBORO LOAM

SOIL TYPE: {SOIL TYPE:
HERNDON LOAM IMAYTT
: {SILT LOAM
3. NO.|Independent Variables Plot 5(358) { Plot 9{(379) | Plot 14(808) [Plot 2(350) | Plot 3(354)|Plot 10(383}
2 S.I. 10&% 1S.I. 92 S.I. 97 S.I. 79 S.I. 87 S.I. 102

3] {Soil Series 2 2 3 1 1 5
Xo Parent Material 1 1 1 3 3 1
3 Depth of A Horizon s 13" i2n 5" io" 16"
Ky Depth of (A+B) Horizon| 39" han 7un 27" 30" 39"
Kg Texture of Top Soil 1 2 1 2 . 1 3
Xg Sand % in- AxDepth of A 295 351 696 225 570 592
X7 Silt % in AxDepth of A} 160 767 456 215. 325 864
xg  |Clay % in AxDepth of A 45 182 60 63 120 160
Xg {Nitrogen in-A x Depth 1

of A 0.265 0.533 0.660 0.920 0.860 | 0.784
X1 Silt+Clay) % of B

Field Capacity of B : 1

Depth of A 7 9.5 33.8 33.6 11.5 239.9 57.8
%17 1Silt % in BxDepth of A] 135 832 504 195 320 832
¥;, |Clay % in BxDepth of A 155 221 252 130 360 352
Xi {Gravel % in A Horizon 4.6 1.3 1.4 38.8 15.4 0.5
Xo Sand % in A Horizon 59 27 58 45 57 37
X3 Clay % in A Horizon 9 1y 5 13 12 10
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TABLE XXIV — Continued

SOIL TYPE: GOLDSBORO LOAM SOIL TYPE: SOIL TYPE:
HERNDON LOAM MAYTT
. SILT LOAM
- No. | Independent Variables | Plot 5(358) |Plot 9(379) | Plot 14(808) | Plot 2(350) | Plot 3(354) | Plot 10(383)
 I's.x.iom S.I. 92 S.I. 97 S.I. 79 S.I. 87 S.I. 102
X1 (Silt+Clay) % in A
Horizon 41 73 43 55 43 64
x5 | pH of A Horizon 5.9 4.8 5.3 5.1 4.9 .7
Xg Nitrogen % in A :
Horizon 0.053 0.041 0.055 0.184 0.085 0.0ug
X7 Nitrogen % in (A+B) |
Horizon ' 0.034% 0.028 0.037 0.111 0.055 0.03¢g
g Available p in A
Horizon 7.5 6.7 9.4 66.0 12.3 5.7
|
Xgq Available K in A
Horizon 77 9.0 6.1 L5 - 287 88
X149 C.E.C. of A Horizon 12.3 3.0 6.1 12.6 11.5 10.9
X711 Exch. (CatMg) in A
Horizon 7.0 2. 1.4 7. 5.7 3.2
X2 Exch. H,in A Horizon 2. 4.2 3.6 4.8 6.4 4.5
X1 Gravel % in B Horizon 3.8 1.1 by 19.7 2.8 1.0
X Sand % in B Horizon 42 19 37 35 32 28
X g Clay % in B Horizon 31 17 21 26 36 22
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TABLE XXIV — Continued

SOIL TYPE: GOLDSBORC LOAM 1 SOIL TYPE: SOIL TYPE:
HERNDON LOAM MAYTT
: SILT LOAM
5. No. | Independent Variables |Plot 5(358) | Plot 9(379) |[Plot 14(808) |Plot 2(350) | Plot 3(354) | Blot 1073837
%, (silt+Clay) % in B
Horizon 58 74 63 65 68 74
Kg Available p in B )
Horizon 3.7 i.9 B4 12.3 3.8 3.8
g Available K in B
Horizon 122 90 100 282 227 Lo
X7 tC.E.C. in B Horizon 9.1 7.6 9.0 i1.1 4.2 14.9
| xa Exchange (Cat+Mg) in
B Horizon 5.4 2.5 1.2 5.4 3.8 3.0
X9 Exchange H in B
Horizon 3.0 5.0 5.1 4.5 8.2 5.0
X1.0 (Silt+Clay)
Field Capacity
B Horizon 1.9 2.6 2.8 2.3 2.9 3.6
X11 (Silt+Clay) % B ‘0
Depth of B +
B Horizon 1.5 2.9 1.6 3.0 3.4 3.7
X12 (8ilt+Clay) % of B in
' | Depth of A
B Horizon 10.2 6.2 5.3 13.0 6.8 4.6
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TABLE XXV

SUMMARY OF STEPWISE REGRESSION ANALYSIS OF A; HORIZON

Slope percentage (x3)
Gravel percentage (x3)
Sand percentage (xy) F.g
Silt percentage (xs)
Clay percentage (xg)

F.os5(1,7)= 5.39

(1,7)= 12.2

Ex. hydrogen (x7)

Ex. calcium (xg) Y
Ex. magnesium (xg)

Ex. potassium (xyq) Y
Ex. sodium (x3y3)

i

b0+b1X1+b2X2+b3X3+b6X6+bllxl1

73.68139+1.98108(x;)~1.88098(x,)-.25469(x3)+0.

*Significant at

Order] R? at Variable Order of Bignificant |F Level | Coefficient | Error of Standard
o1 Each Step | Included at Variable Variables Coefficient | erroxr of Y
Step Each Step At Next
o Step
1 0.61416 Gravel Clay Cravel
Percentage (x3)| Percentage [Percentage L . -
v o SRR *(xy) %6.0564 | -0.29469 0.29914 8.2u56
2 0.72822 -] Clay Percentage [Ex. Sodium
(xg) M.e./100gms 2.9339 0.91796 0.36081 7.5480
3 0.79252 Ex. Sodium
: M.e./100g (x711) |Slope
' Percentage 2.1033 | 38.39916 15.24071 7.1239
L 0.85176 | Slope Percentage
(x2) ' Depth in
Inches 2.4840 1.88098 0.90346 6.5429
5 0.89086 | Depth in Inches
(x3) 1.9809 1.98108 1.40755 6.1276
Variables Tested Tabulated.
~  Depth in inches (x1) F Level

91796(xg)+38.39916(x1 )
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TABLE XXV — Continued

SUMMARY OF STEPWISE REGRESSION ANALYSIS OF A, HORIZON

Order|{R? at Variable Order of Significant] F Level | Coefficient { Error of Standard
or ‘Each Step| Included at Variable at|Variables Coefficient |Error.of Y
Step Each Step Next Step
i 0.6077 Gravel Depth in Gravel
Percentage (x3)}|Inches Percentage B _
_ j *(x3) %5,8422 { -1.28942 0.23846 8.3011
2 0,72809 | Depth in Inches }(Ex. sodium ’ .
(%) ' 3.0904 | -1.55167 0.80759 7.5495
3 0.81721 { Ex. sodium (x13){Clay : _
Percentage 3.3165 | 31.81813 12.38922 6.7326
i 0.88878 | Clay Percentage {Sand o
(g ). ' Percentage 4.0690 2.34406 1.09222 5.7237
5 0.91185 Sand Percentage
o (x3) ' 1.4786 0.34390 0.28282 5.5375
Variables Tested Tabulated '
Depth in inches (x3) F Level
Slope percentage (x5) P, (1,7) = 5.59
Gravel percentage (x3)
Sand percentage (xy) r, (1,7) = 12.2
Silt percentage (xs) |
Clay percentage (xg)
Ex. hydrogen (x7)
Ex. calcium (xg) Y = bo+bixitbaxstbyxytbgxgtbyiX;y
Ex. magnesium (xg)
Ex. potassium (xyg) Y = 60.23566-1.55167(x; )~1.28942(x3)+0.34390(xy)+2.34406{x)+31.81813(xy)
Ex. sodium (x;3) '
%*Significant at the 5 percent level.
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TABLE XXV — Corntinued

SUMMARY OF STEPWISE REGRESSION ANALYSIS OF Bjj. HORIZON

Y =

Order |R? at Variable Order of Significant |F Level |{Coefficient | Error of {Standard
or Each Step| Included at Variable at|Variables Coefficient jError of ¥
Step Each Step {Next Step
1 0.61305 | Clay Percentage [Gravel _ :
(xg) o 6.0213 | -1.39u24 0.00814 8.2546
2 0.90274 1 Gravel 1Ex. Joo BGravel . ' |
Percentage (x3)| Hydrogen Percentage®| 21,3549%} -0.43938 0.03476 - | 4.7379
3 0.92420 { Ex. Hydrogen Sand ' : S
- (%) Percentagel| 2.1506 2.67381 . | 0.04759 4,4613
4 - 0.95343 | Sand Percentage J | : ' T
, (x4,) ' Slope 4.2232 | 0.40994 0.00418 3.7666
5 0.96437 | Slope Depth in ' :
Percentage (x5) {Inches 1.7981 | -2.05264 0.05668 3.5686
6 0.97211 | Depth in in.(x;)|Ex. Sodium 1.3621 | -0.45608 0.00396 3.4656
7 0.98401 | Ex. Sodium (x;;){Ex. . ]
Potassium { 2.9341 |-22.86496 1.31402 2.9428
8 0.98936 1 Ex. Potassium Calcium
1 (xi,) ] ; 1.4996 5.70808 0.57011 2.7747
9 0.99864 Ex.-8a1cium {xg) |Ex. ] ,
Magnesium 13.6120 -7.62112 0.18753 1.2163
{10 1.00000 | Ex Magnesium(xg)| {Ex.
Magnesium®*#*y97.9062*y 7.32184 0.25921 0.0609

113.97211-0.545608(x1)-2.05261(x2)-0.43938(x3)+0.4099%(x, )-1.39424(x, ) +2.67381(x,)-7.6211 (x4 )+
7.32184(x9)+5.70808(x10)—22.86496(x11)

#*Significant at the 5 percent level.
#%Significant at the 1 percent level.
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TABLE XXV — Continued

Ex.
Ex.
1Ex.
Ex.
Ex.

| Gravel percentage (x3)
Sand percentage (xy)
| 8ilt percentage (xs5)
Clay percentage (xg)

hydrogen (x7
calcium (xg)

magnesium (xq)
potassium (x;,4)

sodium (xy;)

)

Ex.
Ex.
Ex.
Ex.

Gravel percentage (x3)
Sand percentage (xy)
Silt percentage (xj5)
Clay percentage (xg)
| Ex. -

hydrogen (x7)
calcium (xg)
magnesium (xq)
potassium (xjq)
sodium (xy1)

SUMMARY OF STEPWISE REGRESSION ANALYSIS OF Boot HORIZON
Order |R? at { Variable Order of Significant| F Level |Coefficient | Error of Standard
or Each Step| Included at Variable at|Variables | Coefficientj Error of Y
iStep Each Step Next Step
1 0.57082 } Ex. Magnesium Gravel
' Percentage]| 4.3498 -2.6035 2.57986 9.0277
2 0.71636 | Gravel Sand
Percentage Percentage 3.0786 -1.53696 0.65227 8.1368
3 0.78786 | Sand Percentage |Ex.Sodium 1.9849 0.40826 0.22072 7.6779
4 0.83104 Ex. Sodium 1.3557 21.91827 18.82437 7.4900
Y = 85:65539—1.53696(X3)+0=40826(Xq)—2.60353(X9)+21.91827(X11)
Analysis of Bpj, Horizon Analysisbof Byp4 Horizon:
Variables Tested .. Tabulated Variables Tested Tabulated
F Level F Level
Depth in inches (x1) F o05(1,2) = 18.5 Depth in inches (x;) F g5(1,7) = 5.58
Slope percentage (x2) F 41(1,2) = 98.5 Slope percentage (x3) F,p1(1,7) = 12.2
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TABLE XXVI

SUMMARY OF STEPWISE REGRESSION ANALYSIS OF A; HORIZON

Order RZ at Variable Order of Significant [ Level [oefficient |Error of Standard
or Fach Step| Included at Variable at}Variables Coefficient{ Error of Y
Step Each Step Next Step
1 0.79373 | Nitrogen Available |Nitrogen
: percentage (xg)| phosphorus| percentage¥®#{7.0271%%| -261.83995 | 71.52029 6.3554
2 0.86196 [ Available Moisture at
phosphrous (xg)| 15 atm 3.9562 0.32375 0.22434 5.5835
3 0.88370 | Moisture at ] :
' 15 atm (xg) 11.3853 0.92778 | 0.78825 5.4677
Y = 108.34742+0.92778(xg)-261.83995(xg)+0.32375(xg)
*#Significant at the 1 percent level.
SUMMARY OF STEPWiSE REGRESSION ANALYSIS OF A; HORIZON
1 0.63617 | Available Slope Available |
: water (x7) percentage| water® 6.7988% -0.89775 0.23679 8.0613
2 .0.80197 | Slcpe | Slope : '
percentage (x3){C.E.C. percentage® |6.0135% -1.46224 0.45027 6.5791
3 10.87446 C.E.C. (x3) ' 1 14.1312 1.23748 0.60883 5.6667
Y. = 102.14504-1.46224(x,)+1.23748(x3)~0.89775(x7)

*Significant at 5 percent level.
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TABLE XXVI — (Continued

- SUMMARY OF STEP WISE REGRESSION ANALYSIS OF Bj;+ HORIZON

Order|R? at Variable Oprder of Significant |F Level ({oefficient | Error of Standard
or Each Step | Included at Variable at|Variables Coefficient | Error of Y
Step Each Step Next Step
1 0.72933 | Available Moisture % |Available 1 »
potassium (x, )} at 1.atm potassium®¥*| 11.3640%*%| -0.11919 0.4603 7.1483
2 0.84106 | Moisture % at Moisture % |Moisture % ' '
1 atm at 1/3 atm| at 1/3atm® 5.3966% -3.10408 0.95269 5.9576
3 0.88020 | Moisture % at Slope '
1/8 atm percentage 2.3925 1.52392 0.63098 5.5442
L 0.91833 Slope '
percentage 3.1356 1.85235 1.04608 4,9256
Y = 115.95569+1.85235(X2)+1.52392(xu)—3.10408(X5)—0.11919(x10)
%*Significant at the 5 percent level.
%#%Gignificant at the 1 percent level.
SUMMARY OF STEPWISE REGRESSION ANALYSIS OF Bpo+ HORIZON
1 0.73710 |Available Available ,
potassium - potassium®*|10.7072 -0.11870 0.03628 7.4302

v =

110.4561-0.11870(x7¢q)

60¢



TABLE ¥XXVI — Continued

Variables Tested

. Tabulated I Level

Analysis of AL Horizon

Depth in inches (x;)
Slope percentage (xp)

C.E.C. (x3)
| Moisture percentage at 1/3 atm (xy)

Moisture percentage at 1 atm (xs5)
Moisture percentage at 15 atm (xg)

‘Available water (x7)

Nitrogen percentage (xg)

Available phosphorus (xg)
Available potassium (xjq)
pH paste 1:1 (x11)

pH KC1 (x;32)

Analysis of A Horizon

Depth in inches (x1)

Slope percentage (xz)

C.E.C. (x3)

Moisture percentage at 1/3 atm (xy)
Moisture percentage at 1 atm (xs)
Moisture percentage at 15 atm (xg)
Available water (x7)

|Nitrogen percentage (xg)

Available phosphorus {xg)

{Available potassium (xig)

pH paste 1:1 (x)1)
pH KC1 (x12)

Analysis of B,;+ Horizon

Depth in inches (x!)

Slope percentage (x2)

C.E.C. (x3)

Moisture percentage at’1/3 atm (xy)
Moisture percentage at 1 atm (x5)
Moisture percentage at 15 atm (xg)
Available water (x7)

Nitrogen percentage (xg)

Available phosphorus (xg)
Available potassium (xig)

pH paste 1:1 (xy;)

pH KC1l (Xlz)

Analysis of Bs,t Horizon

Depth in inches (x7)
Slope percentage (x,)
C.E.C. (x3) ,
Moisture percentage at 1/3 atm (xy)
Moisture percentage at 1 atm (xg)
Moisture percentage at 15 atm (xg)
Available water (x7)

Nitrogen percentage (xg)

Available phosphorus (xg)
Available potassium (xjq)

pH paste 1:1 (xy31)

pH KC1 (x3,5)

Ay Horizon
F o5(1,9) = 5.12

F,g1(1,9) = 10.6
A, Horiion

Foo5(1,9) = 5.12

F :(1,9) = 10.6

B,;t Horizon

F,05(1,8) = 5.32
F.p(1,8) = 11.30
By, Horizon
F_g5(1,11) = L.8h
F.p1(2,11) = 9.65
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TABLE XXVII

SUMMARY OF STEPWISE REGRESSION ANALYSIS

Order [R? at Variable Order of Signifiéant F Level (oefficient | Error of Standard
or Each Step { Included at |Variable at |Variables J Coefficient {Error of Y
Step. 1 Each Step Next Step
1 0.55912 |[Slope Percentage|Ex. calcium|Slope %*
(x2) , Percentage | 21.8302%%| -1,44887 0.29114 ~7.9972
2 0.61819 Ex. calcium®(xg) Ex.: calcium® 5.2897 -2.39078 1.0395 -7.6621
" Y = 105.83845-1,u414887(x5)~2.39078(xg) '
%*Significant at the 5 percent level.
##*Significant at the 1 percent level.
1 10.59503 JAvail. potassiumfAvail. vail.
water potassium 1} 26.3104%*| -0.82979 0.4u212 7.7524
2 0.64697 {Avail. water Slepe JAvail. : , 7
: ] percentage | water 5.2149% -0.38993 0.14766 7.4329
3 0.67818 Slope percentage . - 3.5225 -0.02989 0.01938 7.2411
Y = 106.16403-0.829739(x2)-0.38993(x7)-0.02989(x1¢)
#*Significant{at the 5 percent level.
#*Significant{at the 1 percent level.
1 0.59503 |Avail. potassium{Avail. Avail.
water | potassium*®{ 26.310u4%*| -0.02989 -0.01938 7.7524
2 0.64697 |Avail. water Slope vail. ‘
percentage | water® 5.2149% -0.38993 0.14766 7.4328
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TABLE XXVII — Continued

r R% at Variable

Order of Significant F Level Coefficient Error of

Orde _ Standard
or Each Step Included at ‘Variable at Variables Coefficient Error of
Step Each Step Next Step

3 0.67818  Slope Percentage 0.01938 7.2411

Y = 106.16403-0.82979(x; }-0.38993(x; )-0.02989(xz )

#Significant at 5 percent level.
**Significant at 1 percent level.

3.5225 -0,02989

Variables . Tested

Tabulated F Level

Dep

th in inches (%)

Slope percentage (xj;)
Gravel percentage (x3)

San
Sil

Ex.
Ex.
Ex.
Ex.
Ex.

d percentage (xy)
t percentage (xg)

Clay percentage (xg)

hydrogen (x7)
calcium (xg)
magnesium (xgq)
potassium (xyq)
sodium (xy;)

Depth in inches (xj)
Slope percentage (x)
C.E.C. (x3)

Moisture % at 1/3 atm (xy)
Moisture % at 1 atm (xg)
Moisture % at 15 atm (xg)
Available water (x7)
Nitrogen percentage (xg)
Available phosphorus (xg)
Available potassium (xyg)
pH paste 1:1 (x1:)

pH KC1 (x35)

Slope percentage (x7)
Ex. calcium (xy)

Slope percentage (x3)
Available water (xy)
Available potassium (xg)

F.p5(1,48) = &.05
F g1(1,48) = 7.22
F.p1(1,47) = 7.23
F g5(1,47) = 4.05
F 1(1,47) = 7.23
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TABLE XXVIII

SUMMARY OF STEPWISE REGRESSION ANALYSIS

Order R? at Variable - Order of Bignificant [ Level [oefficlent| Error of Standard
or Fach Step | Included at Variable at Yariables Coefficent | Error of Y
Step Each Step Next Step
1 0.70897 | Nitrogen % in (Silt+clay) |Nitrogen % ]
A x Depth of A ~of B ] in A x
| Field Capac | Depth of .-
1 X of A%k ,
) | Depth of A ho.106u%% -33.76621| 8.00325 7.3685
2 0.85823 | (Silt+clay)%ofB | o (Silt+clay) L '
' : Field Capac.ofB % of B ] )
X Depth of A Field Capac.
jof B
1 X Depth OfAﬁ|7‘9914* 0.27003 -0.09552 5.6528
Y = 105.80823-33.76621(x9 )+0.27003(x;q )
%Significant at the 5 percent level.
*%Significant at the 1 percent level.
1 0.72071 | Nitrogen % in Available p |Nitrogen %
| A Horizon -in A Horizon|in A
’ . |Horizon®*#* 10.8083%% 0.23678 0.12631 7.24321
0.84578 | Avail. phos. C.E.C.of A [Avail. ]
in A Horizon Horizon phos. in -
- A Horizon® | 6.1940% | -606.63063 | 109.62221 5.8761
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" TABLE XXVIII — Continued

Order|R? at Variable Order of Significant |F Level | Coefficient | Error of Standard
or Each Step | Included at Variable at|Variables Coefficient | Error of Y
"Step Each Step Next Step
0.89996 |[C.E.C. of A Sand % in : :
Horizon A Horizon 3.9818 0.95238 0.25681 5.0927
0.93459. [Sand % in A -
Horizon : 3.5143 1.99701 ~ . 0.68074 4.4423

Y. = 92.31079+1.99701(x, )+0.23678(xg )-606.63063(xg )+0.95238(x1¢)

~ *Significant at the 5 percent level.
%%Significant at the 1 percent level.

1 0.70448 [Avail. potassium|(Silt+clay)|Avail.
in B Horizon % in B . potassium
Horizon in B ’
| Depth of B| Horizon®
Horizon 9.8529%| -0.08763 0.03308 1 7.4154
2 0.77647 |(Silt+clay)% of ] |
B Horizon »
gig;;ogf g 2.4163 -3.3782Y4 2.173289 6.9L402

Y = 112.81541-0.08763(xg)=3.37821(x11)

*#Significant at 5 percent level
%#%Significant at 1 percent level
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TABLE XXVIII — Continued

Order|R? at Variable Order of Significant | F Level [Coefficient| Error of | Standard
or Each Step| Included at Variable at [ariables Coefficient| Error of Y
Step Each Step {Next Step
1 0.72071 | Avail.phosphorus|{C.E.C. of A hvail.
‘I in A Horizon Horizon phosphorus }
' ' . : in A 1. -
: Horizon* | 10.8083%} -437.86739 138.49092 7.243211
2 0.84578 C.E.C. of A Sand % in C.E.C. of ‘
{ Horizon " A Horizon |A Horizon®* | 6.1940% 0.65072 0.30604 5.8761
3 0.89996 | Sand % in A (Silt+clay) : —
Horizon "% B ]
Depth of B | 3.9818 2.70938 1 0.61612 5.0927
4 0.93751 | (Silt+clay) % B |(Siltt+clay) ! - :
Depth of B %B
Field Capac.
of B : 1
{{Depth of A) 3.9894 -3.17156 2.33446 4,3452
5 0.96004 | (Silt+clay)% B |[Nitrogen % in ]
(Depth of B) A Horizon
Field capac. of
B 3.2738 0.17751 0.08068 3.7751
6 0.97094 | Nitrogen % in
A Horizon 1.8368 0.20162 0.14876 3.5365

Y =

“Significant at the 5 percent level.

81.03079+0.17751(x2)+0.20162(x3)-437.86739(xy,)+0.65072(x5)+2.70938(xg)-3.17156(xg)
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TABLE XXVIII — Continued

Variables Tested

Tabulated F Level

Soil series (xy)

Parent material (x,)

Depth of A horizon (xj3)

Depth of (A+B) horizon (xy)
Texture of top seil (xg)

Sand % in A x Depth of A (Xg)
Silt % in A x Depth of A (x7)
{Clay % in A x Depth of A (xg)
Nitrogen % in A x Depth of A (xg)
(Silt+Clay) % of B T
| Field Capacity of B
1 Silt % in B x Depth of A (x3%)
IClay % in B x Depth of A (xj5)

x Depth of A (x;,)

% in A horizon (x;)

A horizon (x,)
Clay % in A horizon (x3)
(Silt+Clay) % in A horizon (xy)
{pH of A horizon (xs)
Nitrogen % in A horizon {xg)
Nitrogen % in (A+B) horizon (x7)
Available phosphorus in A horizon (xg)
Available potassium in A horizon (xg)
C.E.C. of A horizon (xj;)
Exchange (Ca+Mg) in A horizon (xy3)
{Exchange Hydrogen in A horizon (x15)

Gravel % in B horizon (xi)

Sand % in B horizon (x,)

Clay % in B horizon (x3)

(8ilt+Clay) in B horizon (x)

Available phosphorus in B herizon (xg)

Available potassium in B horizon (xg)-

C.E.C. in B horizon (x7)

Ex. (Cat+Mg) in B horizon (xg)

Ex. Hydrogen in B horizon (xg)

(silt+Clay) %

Field Capacity
%

in B horizon (xj,)

ézgiﬁ+§%ag) ‘pf B in B horizon (xj;)
: %
éigig+g%ai) s of B in B horizon (x13)

Nitrogen % in-A x Depth of A (x;)
(Silt+Clay) % of B

Field capacity of B x Depth of A (x3)
Sand % in A horizon (xj3)

8ilt % in A horizon (xy)

Available phosphorus in A horizon {xg)
C.E.C. of A horizon (xg)

Available potassium in B horizon (x7)
(Silt+Clay) % of B horizon (xa)

Depth of B 8

F_05<1,10) = 4.86
F 1(1,10) = 10.0
F,o5(1,9) = 5.12

F.g1(1,9) = 10.16
F g5(1,10) = 4.96
F,01(1,10) = 10.0
F.gs(1,6) = 5.99

F.p;(1,6) = 13.70
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TABLE XXIX

FREQUENCY (PER ACRE)} OF TREE SPECIES IN SELECTED PLOTS

Species

Plot No.§

Tree Species Botanical Name Plot No.§ Plot No.7 Plot No.11}Plot No.12{Plot No.13
No-. | Code (Common Name) ' (367) (371) (375) (387) (392) {805)
- - - R Soil Type: Bowie Fine Sandy Loam : -
1) 01 Shortleaf pine}  (Pinus echinata) 130 440 170 100 20 170
2] 02 Loblolly pine | (Pinus taeda) - 420 - 10 110 -
3] 30 - |White ocak (Quercus alba) 90 40 70 80 110 210
yt 29 S Red oak (Quercus falcata) 140 180 3 210 70 120
5{ 37 Black oak (Quercus velutina)l 10 - - 4Q 10 10
6] 28 Post oak (Quercus stellata)] 20 150 10 30 30 -
71 39 Willow oak (Quercus phellos) 10 - - - - 30
8} 38 Water oak (Quercus nigra) L= - - 50 - -
gl 18 Dogwood . (Cornus. florida) 360 - 60 130 40 240
10y 20 Black gum (Nyssa sylvatica) | 10 40 - 10 70 170
111 26 Red maple (Acer rubrum) 50 360 10 50 50 )
12 42 Black hickory (Carya texana) 20 - 20 140 10 20
13 23 Mockernut '
hickory (Carya tomentosa) | 10 40 210 - 30 - i
14! us Bitternut (Carya ' -
- hickory " cordiformis) - - - - 40 10 |
15§ 13 Bluebeech (Carpinus ] |
caroliniana) - 10 - ] - - -
16 19 Winged elm (Ulmus alata) 10 280 60 110 60 10 5
171 32 |Redbud {Cercis
1 ] canadensis) - - - - - -
j18] 21 Sweet gum (Liquid ambar
' styraciflua) 120 330 50 480 550 210
19] 51 Wild plum (Prunus spp) - - 20 20 - -
201 19 Tree huckle (Vaccinium
berry arboreum) - - 50 - 10 -
211 11 Ash (Fraxinus
- texensis) - - 50 - - -
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TABLE XXIX — Continued

Botanical Name

Plot No.12

S . Species]Tree Species Plot N6.6|Plot No.7|Plot No.8|Plot No.11 Plot No.13
No. | Code (@cmmon Name) (367) £371) (375) (387) (3923 (805)
Soil Type: Bowie Fine Sandy Loam
22 1 43 Hophornbeam {Ostrya
7 virginiana) 210 - - - - -
23| 57 Red mulberry  {(Morus rubra) 60 - 30 10 - -
2u | 4y American elm (Ulmus americana)l - 20 - - - -
} 251 31 | Persimmon (Diospyros
, ] : virginiana) - 10 - - - -
26 | 48 Deerberry - (Vaccinium
stamineum - - 80 10 - - -
271 36 Sumac (Rhus glabra) - - - - 70 10
28 | 2 |Holly (Ilex opaca) - 10 - - - 20
) Soil Type: Goldsboro Loam Soil ‘Type: - Soil Type:]
ST Herndon Loam’ Myatt Silt]
Loam
Plot No.5{Plot No.9|Plot Noli4jPlot No. 2}Plot No. 3{Plot No.10
(358) (379) | (808) (350) (854) | (38%)
1{ o1 {1Shortléaf ~ pine|(Pinus echinata) 80 130 120 {4 510 110 130
21 02 Loblolly pine |{(Pinus taeda) - - 10 - - 110
3 30 White oak (Quercus alba 640 730 170 Loo 90 70
4 29 S. Red oak (Quercus falcata)] 100 180 80 70 20 30
5 37 Black -oak (Quercus
| velutina) - - 10 30 10 20
6| 28 1Post oak {Quercus
stellata) - 20 50 - 10 50
71 39 Willow oak (Quercus phellos) - 10 - - - 30
8| 38 Water Oak (Quercus nigra) - - - - - 50
9 18 Dogwood (Cornus florida) 370 50 100 110 290 30
101 20 Black gum (Nyssa sylvatica)l 20 230 160 120 70 40
11 26 Red maple {Acer vubrum) 10 10 70 40 - 20
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TABLE XXIX — Continued

S. |Species {Tree Species Botanical Name [Plot No.5 [Plot No.§ [Plot Noi4|Plot No. 2 Plot No. 3| Plot No.10
No. | Code { Common Name) 1(358) (379) (808} (350) (354) (384)
Soil Type: Goldsboro Loam Soil Type: Soil Type:
' Herndon Loam Myatt Silt
Loam
121 42 1 Black hickory | (Carya texana) 62 - - - » - -
131 23 Mockernut B " |
» hickory (Carya tomentosa)] 50 - 10 100 10 -
4] 46 Bitternut (Carya
hickory cordiformis) - - - - - 10
154 13 | Bluebéech . (Carpinus
: caroliniana) - - - 10 - -
i6} 19 Winged elm {Ulmus alata) 70 - 50 10 - 410
171 32 Redbud (Cercis - ’ ‘
] canadensis - - - 20 - -
181 21 Sweet gum (Liguidambar
' : styraciflua) 60 580 430 - 10 40
194 51 Wild plum (Prunus spp) 1 20 - - - 10 10
201 49 Tree huckle (Vaccinium ]
1 bervy arboreum) - ~ - - 10 -
211 11 1 Ash (Fraxinus
texensis) 40 20 - - - 30
221 43 1 Hophornbeam (Ostrya ]
virginiana) 10 - - - ~ -
231 57 { Red mulberry (Morus rubra) { 30 - 10 - - -
241 uh American elm (Ulmus americana) - - - - - -
251 31 Persimmon (Diospyros
] : virginiana) - - -~ - - -
26| u8 | Deerberry . (Vaccinium 1
stamineum) - - - - - -
271 386 Sumac (Rhus glabra ! - - 10 - - 10
281 24 Holly (Ilex opaca) 30 - - - - -
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TABLE XXX

FREQUENCY (PER ACRE) OF TREE SPECIES IN SELECTED SOIL TYPES

(TOTAL PLOTS OF EACH SOIL TYPE)

o

 Soil Types

S. | Species|Tree Speciés: |Botanical Name Bowie Goldsboro | Herndon | Myatt | Total Number in
No.{ Code . |(Common Name} Fine Loam Loam Silt (twelve| the order |
Sandy (three - (two Loam plots) | of
Loam plots) plots) (one freguency
{Six Plots . plot)
1 01 Shortleaf ’ 'pine}(Pinus echinata) 1030 330 620 130 2110 3
2 02 Loblolly pine {(Pinus taeda) 540 10 0 110 660 38
3 30 White oak {Queréus alba) 810 1540 490 70 2710 2
b 29 S. Red oak (Quercus falcata) | 723 360 90 30 1203 5
5 37 Black oak (Quercus velutina) 70 10 40 20 140 14
6 28 Post oak (Quercus atellata) 240 .70 10 50 370 11
74 39 Willow oak (Quercus phellos) u0 10 - 0 30 80 21
81 38 |Water oak {Quercus nigra) 50 0 0 50 -100 17
91 18 Dogwood . 1{(Cornus florida) 830 520 400 30 1780 4
10 | 20 |Black gum { (Nyssa sylvatica) 300 - | 110 1390 40 340 7
11 26 Red maple (Acer rubrum) 500 1 380 40 20 710 8
12 42 Black hickory [{Carya texana) 210 62 0 0 272 12
113 23 Mockernut _
hickory (Carya tomentosa) 290 ) 110 0 460 10 ]
14 1 46 Bitternut 1(Carya ‘
] ] hickory - cordiformis) ] 50 0 0 10 60 QU
115 13 iBluebeech {(Carpinus
caroliniana) 10 0 0 10 20 - 26
16§ 19 Winged elm (Ulmus alata) 530 120 10 L10 1070 - 6
17 32 Redbud (Cercis
| canadensis) 0 0 20 0 20 27
13 21 weet Liquidambar
18 21 Sweet gum {stsraciflua . 1670 10 40 850 1
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TABLE XXX —f-Continued

Soil Types

S. |Species|Tree Species Botanical Name Bowie Goldsboro | Herndon | Myatt | Total Number in
No.|Code {Common Name) : Fine Loam - Loam Silt (twelve | the order
Sandy (three (two Loam plots) | of
Loam plots) plots) (one frequency
(AxPlots) ' plot)
19 51 Wild plum (Prunus spp) 40 20 10 10 80 22
20 49 Tree huckle (Vacceinium :
berry ' arboreum) 60 0 10 0 70 23
21 11 Ash (Fraxinus _ .
' texensis) 50 60 0 30 140 19
22 43 ‘|Hophornbeam - (Ostrya : : '
| virginiana) - 210 10 0 0 220 13
23 57 Red mulberry (Morus rubra) 100 40 0 0 140 16
24 4y American elm (Ulmus americana) 20 0 0 0 20 28
25 ] 31  |Persimmon (Diospyros
, : virginiana) 10 0 0 0 10 29
26 { 48 Deerberry {Vaccinium
stamineum) 90 0 0 0 90 20
27 36 Sumac {Rhus glabra) 80 10 0 | 10 100 19
28 | 24 Holly (Ilex opaca) 30 30 0 0 60 25
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TABLE XXXI

REGENERATION FREQUENCY (PER ACRE) OF TREE SPECIES IN SELECTED PLOTS

Botanical Name

S. | Species| Tree Species Soil Type: Bowie Fine Sandy Lgam
" No.| Code (Common Name) Plot No.|Plot No.lPlotoNo.{Plot No.{Plet No.|Plot No.{Tctal
' | 16 (367) |7 (371) 18 (375) {11 (387)|12 (392)|13 (805)
1 01 Shortleaf. pinel{(Pinus echinata) - 2125 - 125 250 - 2500
21 02 Loblolly pine |(Pinus taeda) - 1750 - - - - 1750
3| 28 Post oak (Quercus stellata) - 3125 - 1750 625 - 5500
y 29 S. Red oak (Quercus falcata) | - i 125 750 875 125 - 1875
5 30 White oak 1 (Quercus alba) - 1 750 875 125 375 - 1500 3625
6 37 Black oak (Quercus velutina)}| 125 250 - 125 - - 500
- 71 38 .lWater oak {Quercus nigra) 250 625 125 125 - - - 1125
8 33 |Willow oak (Quercus phellos) 125 - - - - - 125
Xel 40 Shummards ocak |}(Quercus : ] '
/ shummardii - J - 375 - - - 375
10 42 Black hickory |(Carya texana) 250 - 500 375 500 250 1875
11 1 us Bitternut {(carya ]
7 hickory - cordiformis) - - - - - 250 375 625
112 . 23 Mockernut ,(Carza ] 1 7
' hickory tomentosa) - - 1500 - - - 1500 -
113 11 Ash (Fraxinus
texensis) - - 125 - - - 125
1y 13 |Bluebeech (Carpinus
7 i caroliniana) - 375 | - - - - 375
15 18 Dogwood (Cornus florida) 750. 125 6000 2375 1125 4756 115125
16 19 Winged elm (Ulmus .alata) - 1500 1000 125 625 - 813
17 20 Black gum (Nyssa sylvatica) - 250 - - 750 125 1125
{18 21 Sweet gum (Liguidambar ; :
8 EE%ia:ifolia) - 1125 250 - - - 1870
19 24 |Holly 1(TTex opaca) 375 - - - - - 625
20 | 26 |Red maple (Acer rubrum) 750 5000 250 750 1125 1250 | 9125
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TABLE XXXI — Continued

Soil Type: ,Bowie Fine Sandy Leam ,
3. SpeciestTree Speciles Botanical Name Plot No.|Plot No.|Plot No.|Plot No.|Piot No.|Plot No.|Total
No.{ Code (Common Name ) 16 (367) J7 (371) 18 (375) {11 (387)112 (3982)113 (805)
21 36 Sumac (Rhus glabra) - - - 250 - - 250
22 43 Hophormnbeam (Ostrya -~
virginiana) 375 - - - - - 375
23 iy American elm {Ulmus americana) - 250 - - - - 250
24 §7 Deciducus holly {(Ilex decidua) 375 - 250 - - - 625
25 Lg {Vacc spp (Vaccinium
staminum) 750 1375 - 250 625 1625 4625
26 50 Red haw (Crataegus L spp) 375 125 - - - - 500
27 51 Wild plum (Prunus spp) - - 250 250 - - 500
28 | 56 Black haw (Viburnum
rufidulum) - - - - - - 0
29 57 Red mulberry (Morus rubra) - 125 - - - 125
30 62 Azalea (Rhododendron I,
. spp) B - - 1 125 - - - 125
31 16 Cedar (Eaﬁigerus
virginiana) - - -] - - - 0
Soil Types: Goidsboro Loam Herndon Locam g{?E?LOam 4
S. |Species |Tree Species  TPlot No.|Plot No.|Plot No. |lotal |Plot No.]Plot No.]lotal|Plot No. | Grand Total)
No. {Code J(Common Name) 5 (358) 19 (379) {14 {808)/ 2 (350) 3(354) 10 (383) of all the
Plois
1 01 Shortleaf pine - - 1375 1375 - - 0 - 3875
2 02 Leblolly pine - - - 0 - - 0 2125 3875
3 28 Post oak - - - 0 - - 0 250 - 5780
4 29 8. Red oak - 250 750 1000 125 - 125 250 3125
5 3C White cak 2500 500 1500 4500 125 - 125 - 8250
5 37 Biack ozk - - - 0 - 0 - 500
7 | 38  IWater ozk 1625 - 050 | 1875 - - ol 1250 5250
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TABLE XXXI — Continued

Goldsboro Loam

Soil Types: | Herndqn Loam Myatt Grand Total
Silt Loam .
S Species|Tree Species Plot No.{Plot No.|Plot No.|Total{Plot No. |Plot No. jTotal {Plot No. Of;é%; th?’,-
No.|Code  |(Common Name) |5 (358) |3 (379) |14 (808)| |2 (350) {3 (354) 10 (383) |Ftots.
8 39 Willow &ak - - 125 1. 125§ - - 0 - S 250
3 40 1Shummards oak - - - ‘ oy - - 0 - 375
10 | 42 Black hickary - 250 500 } 750] - - 0] - 2625
11 46 Bitternut © ' :
hickory - - - 0 - - 0] - 625
12 23 |Mockernut ' . - 1
] hickory 125 - - 125] - - - 0 - 1625
13 11 Ash - - 125 - 125 250 | - - 0 250 825
14 | 13  {Bluebeech - - - 0] - 375 - 375] - 750
15 18 Dogwood 125 1125 1750 | 3000{ 1250 5125 6375 500 29500
{16 19 - |Winged elm - - 625 625 - - 0] 2825 3063
17 20  |Black gum R - 2375 - 2375 375 625 1000} 1125 5625
18 } 21 }Sweet gum 1 625 1375 - 2000 625 1875 2500 625 Bu495
{191 24  {Holly - - 250 250 - - 0 - 625
20 26 Red Maple 250 - 1000 | 1250 - - 0 - 500
|21 36 Sumac - - ] 250 250] - - 0] - 500
122 43  {Hophornbeam - - 125 125 - - 0 - 375
{23 ] 44  {American elm: 125 - - { 125 - - 0 - 875
{244 47 Deciduous holly - ] 250 - 1 250 - - 0 - - 625
125 ] 48  |Vacc spp 1750 1750 | 9625 [13125] 2000 8125 {10125] 500 28375
26 { 50 4Red haw - - 125 1254 - - 01 - 625
127 1 51 Wild plum ] - - - 0] - 125 125 - 1625
{ 28 56  |Black haw - - - 0 125 - 125: - 250
29 57  {Red mulberry 125 - - 125 - - 0 - 125
130 4 62 lAzalea - - - 0] - - o} - 1112
| 31 16 Cedar - - - 0 - - 0 - 0
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TABLE XXXII

TREE . SPECIES IN PLOTS (AVERAGE FOR EACH SOIL TYPE)

Species|Tree Species _ Frequency Regeneration
No. | Code = |(Common Name) _ _"Soil Type Soil Type ,
' | Bowie | Goldsboro |Hepndon[Myatt I Bowie [Goldsboro | Herndon | Myatt
1 01 Shortleaf pine- 172 110 310 130 = 417 458 0 0
2 02 |Loblolly pine % | 3 0 110 292 0 0 2125
3} 30 White oak 102 . 513 - 2y5 70 604 1500 63 - (0}
L 29 S. Red oak 121 -~ 120 45 30 | 313 250 63 250
-5 37 Black oak 12 ' 3 20 20 83 0 0 . -0
6 28 Post oak 40 23 5 ‘50 917 0 0" 250.
7 39 Willow oak 7 3 0 30- 21 42 0 0
8 38 {Water oak | 8 0 0 50 | 188 625 o |1250
9 18 |Dogwood ] 138 177 200 301 252 10006 3188 500
10 | 20 {Black gum © 50 137 95 4o -4 188" | 792 - 500 1125
11 26 Red méple { 93 30 20 20 1521 17 - 0 0
12 42 3Black hickory 1 35 ° 21 0 0 313 250 0 0
13 - 23 [Mockernut hickory 48 20 55 0 250 42 o 0
14 LB iBitternut hickory 8 4 0 0 10 104 -0 0 ] 0
115 13 {Bluebeech 2 | 0 5 ] 0 - B3 0 187 0
116 19 {Winged elm 88 ] 40 5 1 w10 . 542 208 0 2625
117 32 Red bud 0 0 10 0 -] - S - 1 -
118 21  {Sweet gum 290 - 3587 5 40 228 666 ,T 1250 625
19 51  {Wild plum - 7 3 5 10 1. 83 0o | 63 0
1260 49 Tree huckleberry - 10 0 -5 . 0 T - - - -
421 11 Ash 8 " 20 0 30 21 83 0 250
22 43 -{Hophornbeam 35 ] 3 0 0 63 42 0 -0
23 57 Red mulberry 17 13 0 0 21 42 0 0
24 Ly American elm 3 0 0 0 92 42 0 0
25 31 Persimmon 2 0 0 0 - - - -
26 48 Deerberry 15 0 0 0 771 4375 5063 500

o
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TABLE XXXII — Continued

Tree Species

Species .Freguency Regeneration

No.| Code | (Common Name) Soil Type _ Soil Type ‘

y S L Bowie | Goldsboro { Herndon | Myatt | Bowie ]Goldsboro }Herndon |Myatt
{27 36 | Sumac 13 3 0 10, 42 83 0 - 0 ]
128 24 | Holly = 5 10 0. 0 B3 83 0 - 0

29 { 40 . Shummards .ocak - - ' - 63 | .0 0 0
30 1 w7 Deciduous holly - - - - 104 83 0 0 |
131 50 Red haw - - - - 83 ) 0 0
1321 56 | Black haw - - - 0 o 62 0

33 | 62 . | Azalea | - - - - 61 0 . 0= .0
3 | 16 | Cedar - - = 0 0 183 0
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