CHAPTER I1I
SAMPLING

Owing to the marked differences between its major physiographic
divisions, the State of Tennessee offers especial opportunity and favor-
ing conditions for a study of the relation of plant and soil com-
position. Extending, as it does, from the Mississippi River eastward
to the very summits of the Appalachian Mountains it presents many
outstanding phases of physiographic and geologic structure accom-
panied by an equally marked variety in its soil classifications.

The systematic study of the geology of the state began with the
appointment, in 1831, of Gerard Troost, professor of geology, min-
eralogy, and chemistry in the University of Nashville, as State
Geologist. During his term of office Professor Troost'? published a
number of reports dealing with the geology of the state. His studies

dealt largely with the paleontology of the region rather than its
structural geology.

Safford,!® 19 Curry,2? Killebrew,2! Ulrich,22 and Jones?? laid the

foundation for our present-day knowledge of the structural geology
of the state.

Modern knowledge of the stratigraphy of Tennessee begins with
the work of Hayes and Ulrich.?*

The latest and most authoritative publication is by Bassler,?® who
deals particularly with the Central Basin but correlates it with the
other physiographic regions of the state.

In this study the soil and wood samples were selected on the basis
of the major physiographic provinces. These differ fundamentally
in their geological formations.*® Safford recognized and named seven

YTroost, Gerard. 1838. Description d'un nouveau genre de fossiles. Memoirs
of the Geological Society of France, 3.

“Safford, James M. 1856. Geological Reconnoissance of the State of Tennes-
see. G. C. Torbett & Co., Nashville, Tenn.

*Safford, James M. 1869. The Geology of Tennessee. S. G. Mercer, Nash-
ville, Tenn.

“Curry, R. O. 1857. A Sketch of the Geology of Tennessee. G. C. Torbett
& go.. Nashville, Tenn.

“Safford, J. M., and J. B. Killebrew. 1900. ZElements of the Geology of Ten-
nessee.  Ambrose & Bostelman, Nashville, Tenn.

®Ulrich, E. O. 1888. A Correlation of the Lower Silurian Horizons of Ten-
nessee.  The American Geologist.

“Jones, Paul M. 1892. The Geology of Nashville and Immediate Vicinity.
Do‘c“tor's Dissertation, Vanderbilt University. Published privately.
B 'th&{ES, C. W,, and E. O. Ulrich. 1903. U. S. Geological Atlas, Columbia

olio, No. 95,

“Bassler, R. S. 1932, The Stratigraphy of the Central Basin of Tennessee.
Dl:‘;{ of Geol., Dept of Education, State of Tennessee, Nashville.
~“Safford, James M. 1869. The Geology of Tennessee, p. 7-19.

—279




280 Journal of the Tennessee Academy of Science

£ ¢ .
> .g % Calcium Antagonism in Soil and Oak Wood 281
e S &
B3>z c 85 of these i i i
+JS £ provinces and his naming has been retained i
1| ks g3 f g who followed him. - ¢ ained by all geologists
g 1\ 3 %
| i \ B ui g £ So1r, SAMPLES
’ “' ; j.g 2 E . THE GREA"L‘ SMOKY MOUNTAINS
I"h-‘- I 6o 3 he Great Smoky Mountains are the easternmost of the physio-
i l 65 <3 mz ¢ graphic divisions of Tennessee. This great uplift was formerly known
; ’ ~|‘ E § § as the szall((a Range, ];:It (l;’arkins and Glenn®" suggested that the entire
oL M O region nown as the Great Smoky Mountains with special name
‘ )}“ i 3 2 for local areas. e ’
_ - s = This geological province is the most rugged part of the state, in-
=) ‘]l | L % cluding, as it does, the western ranges and rough lands of the Southern
Tt Ii 'm’!{ git Appalachian System in Tennessee and North Carolina. This great
=2\ ' P mass, tising to altittides f_rom' 4,000 to 6,500 feet above sea level and
_;_‘_I_‘. L - averaging twenty or more miles in width, is largely a metamorphic
ﬁﬁ-ﬁﬁlm"h g formation with igneotts outcrops in some localities.
s,;:‘~=_”:~::§§§-‘~*~ The rocks are largely granite, gneiss, schist, shale, slate. con-
: ”?:iﬁ’ ‘ glomerate and quartzite of Cambrian or pre-Cambrian orign.2®
(2% 7% EE 2 A numiber of Archean otterops are found i the Great Smoky
y region. The most extensive is around Roan Mountain in the southern
I g ¥ part of Carter Cw;gﬂ Here the rocks are alf erystalline, consisting of
; “ granites, gneisses, schists.
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. The slates and shales weather move readily inter

sandy and rocky sofl
darkk, clayey soifs. In the Arehiean formations the schists forw yel-

low, red, and brown elay soifs and granite and gneisses form Tght-
colored, porous, gravefly soils, Try the Arehean soils caleim i present
| it miiite quantities and, comsequenty the pyy io very low, the
soils Being strongly acid.  Fiftesn samples were takew from the Roan
Movwstain region.
TUE CREAT VALLEY OF EXST TENXERSEE

An eroded area of some forty-five miles wm widdh and extenting
from northeast (o southwest across the state betweon the Great Swky
Movntains on the ezt and the Comberiind Plateas om the west fonme
the Creat Valley of Tennessee, South of Knoxeille i i 2 futed
rmm«»fm,m«mmmmmmmw
kyﬁmwi%gwnﬂdmﬂw(hwﬁwkyﬂm. The radges rice
1,000 o 1,300 feet above sea level and the vatleys are some 100 o 200
feet fower. The undertying strata are sedimentary roske of Paleozoie,
mainly Ordovician, or Cambrian, age.
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must have taken place slowly as erosion has
removed the anticlines. ) i
the valleys are largely Knox dolomite and Ch;y.
Many of the hills are sandstone and siliceqy
f the soluble limestone and the resistance offey

les have resulted in the successioy z

folding and fau'lting
many cases, entirely

The rock strata of
amauga limestone.
shale. The erosion 0
by the sandstones and sha
parallel ridges and valleys.

North of Knoxville, the Great Valley is somewhat wider anq g,
exposures likewise are wider. On the northwest are the Clinch an
Stone Mountains and on the southeast that part of the Great Smq
Range called the Bay Mountains. The fluted condition, so pronounce
south of Knoxville, is not so evident. The valley is cut lengthyis
by the Holston River, on either side of which are rather wide plates
regions and rolling hills.

The underlying rock formations are similar to those of the fluteq
region. In the valleys are found dolomite, limestone, and some shale
On the upland, bluish shales and sandstone predominate. :

The soils of the Great Valley differ with the rock formations from
which they are derived. Along the edges of the Valley the soil charac-
teristics have been much modified by the deposition of materials carried
down from the adjacent highlands. Clay soils are found in those
valleys that are underlaid with limestone, dolomite, and Cambrian
shale. The dolomite yields a cherty soil. On those hilltops that are
underlaid with sandstones and shales, the soil is thin and, in man
cases, the rock materials are not fully weathered down to s’oil Thi)s’
soil contains much sand and shaly materials. The soils of t};e Val-
ley north of Knoxville are derived from the same kinds of rocks as
those of the fluted region. The limestone, dolomite. and shales are

much more deeply weathered. [ iti il
red than is found south of Knoxr:'irl?:.ny focalities the soil s a decper

tefcx;tsert] liamples were taken from the Great Valley. Of these
o et aa ;:11 falong U. S. Highway 70 between Rockwood and
H our along U, S, Highway 11 from Knoxville to

Greeneville. Th
. ese samples represe i
S . nted the i
andstones, shales, limestones, aud dojusgis. various soil types as

IHE (.UMBERLAND PLATEAU
€ Culllb t est S]d(* l)f le (;]eat Va“eb-
Ih erland Plateau lles on he wes
t

et above sea level and

e‘w1_dth is approximately 50 miles. The southern

This upland . the Se i
Appa]ach]i[;:ngla;z; lieo;zggphtcally and geological(lluatChle b4
Pennsylvania West.\‘?f ich extend in 5 southwe -ty" 2 part of the

et Virginia, Kentucky, ganq T!’cn(r]]wecmn e
. ‘nnessee into Ala-

half of the plateau i

"Bassler, op. cit., p. 13

Calcium Antagonism in Soil and Oak Wood 283

pama.® Its eastern edge is a high escarpment known as Walden's
Ridge. The western edge has b_een deeply eroded by streams flowing
its margin. The steep ridges thus produced extend out onto

across 1 .
the Highland Rim and are known as the Cumberland Mountains,

Geologically the region is Paleozoic. The surface rocks are chiefly
sandstone of the Walden and Lookout formations. In places con-
glomerates and shales of the Pennsylvanian age are on the surface.
Beneath the sandstones, shales, and conglomerates are beds of Mis-
sissippian limestone which are exposed in deep valleys cut into the
tableland.

The great upthrust of the strata in the eastern part of the Plateau,
isolated by the erosion of the Sequatchie anticline, and known as
Walden’s Ridge, has been eroded down more than 1,500 feet below
iginal height, resulting in the exposure on the surface of Bangor
limestone. From Walden’s Ridge the Plateau gradually slopes down-
ward to the west to the escarpment, below which is the Highland Rim.

The rocks of the Cumberland Plateau are sedimentary, mostly sand-
stone and conglomerate. The lime, if ever present, has been leached
out, leaving the insoluble siliceous base materials, The major portion
of the area is covered with a sandy soil derived from the Walden and
Lookout sandstones. In places some chert is mixed with the sand.
Along Daddy’s Creek and Mammy’s Creek some alluvial deposits
are found, Even this alluvial soil is almost entirely devoid of cal-
cium compounds. Where erosion has exposed the Bangor limstones
on Walden’s Ridge calcareous soils are found. Owing to the nature
of the bedrock and the leaching to which the province has been sub-
jected, the soils have a low pu value.

"Pen samples were taken on Cumberland Mountain near Monteagle.
Of these eight were along State Highway 56 and two along U. S.
Highway 41. Five samples were taken along U. S. Highway 41 on
Walden’s Ridge north of Chattanooga. From Bon Air to Ozone on
U. S. Highway 70, ten samples were taken.

its or

THE HIGHLAND RIM

The Highland Rim province has an area of 9,300 square miles,
being the most extensive physiographic province in the state. It
encircles the Central Basin, its surface being 300 to 500 feet above the
latter and its average altitude being about 1,000 feet above sea level.

T'he rim is usually divided, according to its relation to the Central
Basin, into the eastern, northern, and western portions. On the
south the rim does not show in Tennessee, for the Central Basin
extends through the valley of Elk River into Alabama. The forma-
tions of the Rim are all of the upper Paleozoic era, the surface forma-
tions being of the Mississippian system.®! Underlying practically all

“Emerson, F. V. 1928, Agricultural Geology, P- 320.
London.
*'Bassler, 0p. cit., p. 15.

Chapman & Hall.
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i i looking the
the region and outcropping on the escarpments over ng
tral rsg;in are Warsaw, St. Louis, and Fort Payne limestones.

The eastern Highland Rim extends from the western foot of ¢

Cumberland Plateau westward to the Central Basin. In places it g

deeply cut by streams coming down from the Plateau.

The surface rock of the western portion of the eastern rim is largef
the highly siliceous Fort Payne limestone. Further east the St. Lou
limestone ‘outcrops. This is a distinctly pure limestone and rath
easily soluble.

The and western portions of the Highland Rim are mug
more deeply weathered and maturely dissected than is the easte
rim. On the inner edge there is a narrow fringe of Fort Payne che
with its eristic “Barrens” and broader areas of St. Lo
limestone of it.

The soils ¢f the rim give indisputable evidence of their origin. The
siliceous Fogt Payne limestone can be easily located by its wea i
products, hagd, angular pieces of chert in gray or almost white siliceou
soil. ‘This spil is waxy in consistency and almost devoid of calciun
Its py is very low. i

The soluble St. Louis limestone weathers to a deep red soil. Th
belt of red soil extends clear around the rim. On the north it
found 2 mile south of White House. On the west it occ
just east of Burns. It is found about five miles north of Lawrencebu
and a mile south of Manchester. The highway crosses it or rung
parallel tg it from McMinnville to Sparta.

A numgher of soil samples were taken from each of these red soil
localities, This red soil is very rich in iron and if there is any relas
tion between the iron in the soil and the iron in the plant, one shot
be able fo show a correlation from this red strip.

A total of forty-two samples was taken from the Highland Rim
O)f these six were from the north, along Highway 25 and 31W, siX
from the west along Highway 70, twelve from the southwest along
Highway 6, eight were from the southeast along Highway 31 and tes
were from the eastern rim along Highway 708S.

THE CENTRAL BASIN

The Central Basin lies wholly within the Highland Rim. It extend
lengthwise acrons the state from north to south. It is about 1X
miles long from northeast to southwest and about 60 miles id
Its margin is extremely irregular for the escarpment marking thé
junction of rim and basin has heen deeply eroded. Outlying hills and
residual knobs, Jeft standing in the basin by the eroding back of the
rim, are numerous.

The similarity of the Central Basin to the bed of a drained lake ha€
led many geologists to regard it as such, hut Bassler®? says all d

"Bassler, op. cit., p. 16.
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.. e points to its formation by the erosion of the rocks
?g':nc:s ali)olatcau extending from the top of the eastern Higt that z
to the westen?. That 1s, the basin has been formed l’ the :
away of the rim- o k eroding

The surface rock of the Central Basin is Paleozoic, being
Ordovician though the formations range from Ordovician to Missis-
sippian- ) o

Physically, the S-equatchle Valley is in no way connected with the
Central Basin. Itisa long, narrow cut in the Cumberland Plateau
extending from the cent]'al part pf the platmu southward to the Ala-
bama state line. Geologically it is very like the Central Basin. It has
been formed by erosion of the plateau down to the Ordovician lime-

are exposed in the basin. The bottom of the Sequatchie
%Zﬁfy tah::td the bottom of the Central Basin are the same Ordovician

formations. ‘

The soil of the Central Basin is generally a brown-colored limestone
soil. In some sections it is red. Iqsmyeplawbedsofphmpma:c
abundant. Much of the soil is rich in potash. In lhe Sequatchie

Valley the soil is also rich in lime and is brown to reddish-brown in

color. .
A total of twenty-five samples were taken from the Central Basin

en samples were taken from the Sequatchie Valley. In the
?J:sdinszn samples were taken north of Nashville, four samples ak;;g
Highway 70W, five samples from the phosphate region arount Mt.
Pleasant, and five along the highway between Nashville and C‘olmnbn.
In the Sequatchie Valley seven samples were taken north of Jasper.

THE PLATEAU OF WEST TENNESSEE

This province has foritsastc{nmrgrqﬂxlnlkofrt(llt}lghhx
Rim bordering the Tennessee River flowing mthc Mm' ss the
state. Its western border is the bluffs overlooking m
flood plain. The surface has a gentle slope mfim‘ ;
deeply eroded and many of thc streams are marshy. e ormabions o
are largely of recent geologic age. being Cr‘etawm;o ktﬂﬂf!‘m s
Quarternary. However, outcrops of Devoniao ’:;td’ hy oo
places along the Tennessee River. The soils are , silt loams.

clays. Between McKenzie and Hng\tirngloﬂ the

lmty in other sections of the province 1t is hg't'ltn“'l'm ho"l‘ixv:r

Devonian exposure between and lial:m’ *

sil is heavily laden with chert and contams fwak'm".“‘ from the

four samples were taken from the region, ten ©

evonian outcrop. ) ) N "
The Devonian formations are exposed mHt‘ht H”rli:hw ﬂ!'"“c'm_"

where the Harpeth River cuts through the [m‘g"h“dmk v and have

berland River. Eight samples were (& _ locality

Iwen considered with the other Devonian samples

B
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MISSISSIPPI ALLUVIAL PLAIN

This narrow area is the most western physiographic Province i A
state. It is that portion of the alluvial flood plain of the Missisn'
River lying on the eastern side of the stream. Its soil is alluvia) !‘f}
places there is sand, but much of it is black, sticky soil, often C;lll
gumbo. It is slightly deficient in lime and so is slightly acid, Se
samples were taken from this province. Ve

Woobp SAMPLES

Molisch®® says that iron is found throughout the plant kingd ;
but that usually it is in such small quantities that it cannot be de‘
mined by the ordinary tests. Hoffer3* found that, in the corn pla 3
the iron content of the nodes was higher than was that of the internod

In this study it was decided to use wood as the plant tissue on whicy
determinations of iron were to be made. Leroux and Leroux3s hav
shown that the leaves of woody plants hold the most jron, However
leaves are rather evanescent things and, quite likely, their compositio i
reflects the seasonal conditions under which they grow. Wood frop
the trunk of the tree was used for two reasons: first, any effect op
the composition that might result from abnormal seasonal conditiong!
.cou'ld be offset by using wood having from four to six years gro ’
in it Second, if an antagonism exists between the calcium in the
soil and the iron in the wood, one would expect the one to be replaced
by the other. Uniformly, calcium is highest in the trunk of the tree,
In case pf a calcium deficiency in the soil, does the tree replace its
calcium in part, at least, with iron ?

TABLE 1
Ash and Iron Content of Woods

Ash
Name of Wood (w?th Ash Feizth' FEh i

109 =
H,OO) (Dry) | Ash Wood Wood

% % % % %

Red Oak
White)a(;jc T Y .94 0.21 0020 L0014
Yellow Pine. ) . g; ié 3]53 piee] 0008
: O B ) : 0007 .0003
%ﬁ»ﬁ%ﬁl‘:}f Pine. . . | .56 2.76 .0154 3103
L | .46 .48 2.92 .0140 0098
; cee| 22200 28 | 2068 0064 | 0044

®Molisch, Hans. 19 7 1
:}{oﬁey, ¥, 4[;[. 13. Mickrochemie der Planze, p. 39.
Leroux and Leroux. 0. cit.
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There is very little information available on :
woods. Perhaps the most reliable data is fou;l:le iﬁ"&:":‘g‘}: 02
White*® who gives the percentage of iron in wood ashes and the 0
centage of ash in the w9o_d. From his figures it is possible to mlaE;:;
the per cent of iron ongmally present in the wood. Such calculation
has been made in table 1 which is based on White's figures.

The accuracy of his results may be questioned. He did not de-
termine the amount of iron in the wood directly, but found it indirectly
by calculation. At the time he did his work (1889) laboratory technics
in michrochemistry had not been developed that would make possible
a direct determination.

Campbell*” found that the Osage orange is almost devoid of iron,

Oak wood was chosen for this study. White had shown that it
contains fairly large quantities of iron and that, probably, the iron
content of the different oaks was approximately the same. A second
reason for choosing oak is that it is found very generally in all the
physiographic provinces of 'I_‘ennessFe, while many other varieties of
wood are indigenous to certain provinces only.

METHOD OF SAMPLING

Wood —Wood samples were taken by cutting a cross-section from
a young oak tree having from four to ten annular rings. This section
was then sawed into pieces one-half to three-quarters inch in length.
The ten gram sample was split out of these pieces.

Soil—Soil samples were taken with a soil auger. Borings were
made two feet deep where underground rock conditions would permit.
1f the rock was within two feet of the surface, the borings were made
down to rock. Any leaves and other materials on the surface were
removed. All the material from the borehole was saved, .careful]y
mixed, and quartered down to a 100 gm. sample. From this sample
the tests were run. Care was taken not to obtain samples where the
soil had been disturbed or modified by grading, excavating, sliding,
fertilizing, or other activity that might change it from its natural com-

position or position.
SUMMARY OF SAMPLING

The samples used in this study were secured on the basis of the
major physi%graphic provinces of Tennessee. The soils of each prov-
ince reflect the geology of the province in a very striking way. p

One hundred and sixty-six samples were gollected. They Wm:f_e i’
tributed as follows: Great Smoky Mountains (Roan l;’lm." Cu:::her-
gion), 15 samples ; Great Valley of Tennessee, 14 san'lpCesn;:ml Basin
land Plateau, 25 samples ; Highland Rim. 42 samples; (e

"White, H. C. 1889, Ash Analyses of Native Woods. Gaoric £33
Station, Bullatin 2. npublished
FCampbell, Carl G. 1931.

The Analysis of the Osage Orange. 1
study at George Peabody ‘College for Teachers. Washville.

Tenn.
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calcium varies directly with the soil calcium and in cases of a calgyyd
deficiency the plant may substitute some other metal for

the d ' ]“;7
The distribution of iron in a plant has also received attention,
This study was made to determine what relationship,

if any, e '
between the py, the organic matter, the iron, and the calcium of 3
soil and the iron in a plant growing in the soil.




CHAPTER II
SAMPLING

Owing to the marked differences between its major physiographic
divisions, the State of Tennessee offers especial opportunity and favor-
ing conditions for a study of the relation of plant and soil com-
position. Fxtending, as it does, from the Mississippi River eastward
to the very summits of the Appalachian Mountains it presents many
outstanding phases of physiographic and geologic structure accom-
panied by an equally marked variety in its soil classifications.

T}}e systematic study of the geology of the state began with the
appointment, in 1831, of Gerard Troost, professor of geology, min-
eralogy, and chemistry in the University of Nashville, as State
Geologist. During his term of office Professor Troost!? published a
number of reports dealing with the geology of the state. His studies

dealt largely with the paleontology of the region rather than its
structural geology.

Safford,!®: 1% Curry,2 Killebrew,2! Ulrich,22 and Jones?3 laid the

foundation for our present-day knowledge of the structural geology
of the state.

Modern knowledge of the stratigraphy of Tennessee begins with
the work of Hayes and Ulrich.?*

The latest and most authoritative publication is by Bassler,2® who
deals particularly with the Central Basin but correlates it with the
other physiographic regions of the state.

In this study the soil and wood samples were selected on the basis
of the major physiographic provinces. These differ fundamentally
in their geological formations.?® Safford recognized and named seven

YTroost, Gerard. 1838. Description d’un nouveau genre de fossiles. WMemoirs
of the Geological Society of France, 3.

“Safford, James M. 1856. Geological Reconnoissance of the State of Tennes-
see. G. C. Torbett & Co., Nashville, Tenn.

®Safford, James M. 1869. T ke Geology of Tennessee. S. G. Mercer, Nash-
ville, Tenn. :

“Curry, R. O. 1857. A Sketch of the Geology of Tennessee. G. C. Torbett
& Co., Nashville, Tenn.

“Safford, J. M., and J. B. Killebrew. 1900. Elements of the Geology of Ten-
nessee, Ambrose & Bostelman, Nashville, Tenn. ,

®Ulrich, E. O. 1888. A Correlation of the Lower Silurian Horizons of Ten-
nessee. 7T he American Geologist.

“Jones, Paul M. 1892. The Geology of Nashville and Immediate Vicinity.
Doctor’s Dissertation, Vanderbilt University. Published privately.

*Hayes, C. W., and E. O. Ulrich. 1903. U. S. Geological Atlas, Columbia
Folio, No. 95.

“Bassler, R. S. 1932. The Stratigraphy of the Central Basin of Tennessee.
Div. of Geol., Dept of Education, State of Tennessee, Nashville.

*Safford, James M. 1869. The Geology of Tennessee, p. 7-19.
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of these provinces and his naming has heen retained by all geologists
who followed him.

Sort, SAMPLES
THE GREAT SMOKY MOUNTAINS

The Great Smoky Mountains are the easternmost of the physio-
graphic divisions of Tennessee. This great uplift was formerly known
as the Unaka Range, but Parkins and Glenn?” suggested that the entire
region be known as the Great Smoky Mountains with special names
for local areas.

This geological province is the most rugged part of the state, in-
cluding, as it does, the western ranges and rough lands of the Southern
Appalachian System in Tennessee and North Carolina. This great
mass, rising to altitudes from 4,000 to 6,500 feet above sea level and
averaging twenty or more miles in width, is largely a metamorphic
formation with igneous outcrops in some localities.

The rocks are largely granite, gneiss, schist, shale, slate, con-
glomerate and quartzite of Cambrian or pre-Cambrian origin.?

A number of Archean outcrops are found in the Great Smoky
region. The most extensive is around Roan Mountain in the southern
part of Carter County. Here the rocks are all crystalline, consisting of
granites, gneisses, and schists.

The sandstones, quartzites, and conglomerates of the region form
sandy and rocky soils. The slates and shales weather more readily into
dark, clayey soils. In the Archean formations the schists form yel-
low, red, and brown clay soils and granite and gneisses form light-
colored, porous, gravelly soils. In the Archean soils calcium is present
only in minute quantities and, consequently the py is very low, the
soils being strongly acid. Fifteen samples were taken from the Roan
Mountain region.

THE GREAT VALLEY OF EAST TENNESSEE

An eroded area of some forty-five miles in width and extending
from northeast to southwest across the state between the Great Smoky
Mountains on the east and the Cumberland Plateau on the west forms
the Great Valley of Tennessee. South of Knoxville it is a fluted
region of long, narrow ridges with somewhat wider intervening val-
leys running parallel to the Great Smoky Mountains. The ridges rise
1.000 to 1,300 feet above sea level and the valleys are some 100 to 200
feet lower. The underlying strata are sedimentary rocks of Paleozoic,
mainly Ordovician, or Cambrian, age.

Tremendous pressure exerted on these strata has resulted in a series

of sharply folded anticlines and synclines with much faulting. This

"Parkins, A. E., and L. C. Glenn. At the request of the United States Geo-
graphical Board, Drs. Parkins and Glenn recently (1932) made a study of this
physiographic region and reccmmended a name. Not yet published.

*Bassler, op. cit., p. 13.
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folding and faulting must have taken place slowly as erosiop .4
many cases. entirely removed the anticlines. S8
The rock strata of the valleys are largely Knox dolomite ang (y.
amauga limestone. Many of the hills are sandstone and g3
shale. The erosion of the soluble limestone and the resistance ) Cong
bv the sandstones and shales have resulted in the s e i
parallel ridges and valleys. lecessio L
North of Knoxville. the Great Valley is somewhat wider anq §
exposures likewise are wider. On the northwest are the Clingt, g
Stone Mountains and on the southeast that part of the Great -
Range called the Bay Mountains. The fluted condition, so prone, .
south of Knoxville, is not so evident. The valley is cut ] e
by the Holston River. on either side of which are rather wide plyed

regions and rolling hills.

The underlying rock formations are similar to those of the fiy;]
region. In the valleys are found dolomite, limestone. and some gho
On the upland, bluish shales and sandstone predominate. i

The soils oi the Great Valley differ with the rock formations fy,
which they are derived. Along the edges of the Valley the soil chs
teristics have been much modified by the deposition of materials carro]
down irom the adjacent highlands. Clay soils are found in thej
vallevs that are underlaid with limestone. dolomite. and Cambrgy
shale. The dolomite vields a cherty soil. On those hilltops that a5
underlaid with sandstones and shales. the soil is thin and, in mag]
cases. the rock materials are not fully weathered down to soil. Thy
soil contains much sand and shalv materials. The soils of the V: i
lex north of Knoxville are derived from the same kinds of rocks aJ
those of the fluted region. The limestone. dolomite. and shales
much more deeply weathered. In many localities the soil is a deepes
red than is found south of Knoxville.

Fourteen samples were taken from the Great Vallev thes

:E;o were taken along U. S. Highway 70 between R&dmg:d nd

xville. and four along U. S. Highway 11 from Knoxville tg
Greenevﬂ!c‘ These_ samples represented the various soil types a§
sandstones. shales. limestones, and dolomite. i i

THE CUMBERLAND PLATEAU

Itﬁct‘afm Plateau lies on the west side of the Great Valle
fhe : nsmg 2.000 or more feet above sea level and
£ ganghennrel}‘ across the state from northeast to southwest. Along
Walf of tlli way 70&16 width is approximately 50 miles. The southenf
i ;:dtezfu is split longitudinally by the Sequatchie Valler.
S up. 1s. geographically d ¢ ! - the
A GeRs v and geologically, a
thdlm_l Platealb ';i:hlc_h_exte_nd ina southWestydil'ectll?::l-t . pugh
ennsylvania, West Virginia, Kentucky. and Tennessee into Ak

“Bassler. 0p. cis., p. 13.
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bama.3® Its eastern edge is a high escarpment known as Walden's
Ridge. The western edge has been deeply eroded by streams flowing
across its margin. The steep ridges thus produced extend out onto
the Highland Rim and are known as the Cumberland Mountains.

Geologically the region is Paleozoic. The surface rocks are chiefly
sandstone of the Walden and Lookout formations. In places con-
olomerates and shales of the Pennsylvanian age are on the surface.
Beneath the sandstones, shales, and conglomerates are beds of Mis-
sissippian limestone which are exposed in deep valleys cut into the
tableland.

The great upthrust of the strata in the eastern part of the Plateau,
isolated by the erosion of the Sequatchie anticline, and known as
\Walden's Ridge. has been eroded down more than 1.500 feet below
its original height. resulting in the exposure on the surface of Bangor
limestone. From \Walden's Ridge the Plateau gradually slopes down-
ward to the west to the escarpment, below which is the Highland Rim.

The rocks of the Cumberland Plateau are sedimentary, mostly sand-
stone and conglomerate. The lime, if ever present, has been leached
out. leaving the insoluble siliceous base materials. The major portion
of the area is covered with a sandy soil derived from the Walden and
Lookout sandstones. In places some chert is mixed with the sand.
Along Daddy’s Creek and Mammy's Creek some alluvial deposits
are found. Even this alluvial soil is almost entirely devoid of cal-
cium compounds. \Where erosion has exposed the Bangor limstones
on Walden's Ridge calcareous soils are found. Owing to the nature
of the bedrock and the leaching to which the province has been sub-
jected, the soils have a low py value.

Ten samples were taken on Cumberland Mountain near Monteagle.
Of these eight were along State Highway 56 and two along U. S.
Highway 41. Five samples were taken along U. S. Highway 41 on
Walden’s Ridge north of Chattanooga. From Bon Air to Ozone on
T. S. Highway 70, ten samples were taken.

THE HIGHLAXD RIM

The Highland Rim province has an area of 9,300 square miles,
being the most extensive physiographic province in the state. It
encircles the Central Basin, its surface being 300 to 500 feet above the
latter and its average altitude being about 1,000 feet above sea level.

The rim is usually divided. according to its relation to the Central
Basin. into the eastern, northern. and western portions. On the
south the rim does not show in Tennessee, for the Central Basin
extends through the vallev of Elk River into Alabama. The forma-
tions of the Rim are all of the upper Paleozoic era. the surface forma-
tions being of the Mississippian system3! Underlying practically all

®Emerson, F. V. 1928, {4 gricadtsural Geology, p- 320. Chapman & Hall

Londoa.
Bassler. op. cit., p. 15.
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i scarpments overlooking the e,
th'e | 'ﬁfl?: ?;:(I\iv)’lzlltrts:u').] ):Snrg I():)lutnl:c acncl Flort Payne Iimestonges, ¢ Ce
t"‘l,l‘h : eastern Highland Rim extends from lthlcm:;;f{gte?; f(;Ot Of‘t ‘
Cumberland Plateau west\yar(l to th? Cﬁnttl:i; Platcail places i
deeply aut hy streams coming down frot : :

The strface rock of the western portion o{:tha ensten: :lnqm is large
the highl\ siliceous Fort Payne limestone.  I'ur ]1'er e::s e St. Loy
limestone 'outcrops.  This is a distinctly pure limestone and rathe
sily soluple. _ ‘ i
ca':ll‘I':Fc northern and western portions of the H ighland Rim are myc
more decply weathered and maturely dissected than is the eagtey
rim. On the inner edge there is a narrow fringe of Fort Payne cheg
with its characteristic “Barrens” and broader areas of St Lous
limestone bagk of it. . o
The soils gf the rim give indisputable evidence of their origin, T
siliceous ot Payne limestone can be.easﬂy located hy its wegt.here
products, hard, angular pieces of chert in gray or almost white Slllc'eou‘
soil. - This spil is waxy in consistency and almost devoid of calciy
Its pyy is very low. &
The soluble St. Louis limestone weathers to a deep red soil. "Thig
belt of red soil extends clear around the rim.  On the north it ig
found ahout a mile south of White Hous_e. On the west it occurs
just east of Burns. It is found about five miles north of Lawrenceburg
and a mile south of Manchester., The highway crosses it or rung
parallel tg it from McMinnville to Sparta.

A number of soil samples were taken from each of these red soil
localities, This red soil is very rich in iron and if there is any relad
tion between the iron in the soil and the iron in the plant, one should
be able fo show a correlation from this red strip,

A total of forty-two samples was taken from the Highland Rim
Of these six were from the north, along Highway 25 and 31W, six
from the west along Highway 70, twelve from the southwest along
Highway 6, eight were from the southeast along Highway 31 and te
were from the castern rim along Highway 708

THE CENTRAL BASIN

The Central Basin lies wholly within the Highland Rim, It extends
ngthwise across the state from north to south, It is about 120}
miles long from northeast to southwest and about 60 miles wide
_Its margin is extremely irregular for the escarpment marking the
Junetion of rim and basin has heen deeply eroded. Outlying hills and

residual knobs, left standing in ] S i
: s, ¢ e basin by the e ‘
rim, are numerous, ‘ ¥ SSERIG back w the

The similarity

of the Central Basin to the
led many geolog
_

bed of a drained lake he
i ‘ ake has
ISts to regard it g such, (

but Bassler® says all th
"Bassler, op. iy, p. 16.
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. . points to its formation by the erosion of the rocks that on,
"V"'Tﬁ‘gfplat cau extending from 'Ehe top of the eastern Highland Rii\:
fortﬂ}:c western.  That is, the basin has been formed by the eroding
:::vay of the rim. o ' .

T'he surface rock of the Ce'ntral Basin is Paleozoic, being largely
Ordovician though the formations range from Ordovician to Missis-
sippian. . o :

Physically, the Sequatchie Valley is in no way connected with the
Central Basin. It is a long, narrow cut in the Cumberland Plateay

¢ ding from the central part of the plateau southward to the Ala-
exten tate line. Geologically it is very like the Central Basin, It has
hama fs rmed by erosion of the plateau down to the Ordovician lime-
been ~0t hat are exposed in the basin. The bottom of the Sequatchie
i}oﬁz; and the bottom of the Central Basin are the same Ordovician

a

formations. . :
The soil of the Central Basin is generally a brown-colored limestone
il. In some sections it is red. In some places beds of phosphate are
soil. dant. Much of the soil is rich in potash. In the Sequatchie
a\l}ﬁ?eyath'e soil is also rich in lime and is brown to reddish-brown in

color. '

enty-five samples were taken from .the Central Basin
an(}l\ ;:\t/z:losfa;v:)lesywere taken from the Sequatchie Valley. In the
basin ten samples were taken north of Nashville, four' samples along
Highway 70W, five samples from the phosphate region arount Mt.
Pleasant, and five along the highway between Nashville and Columbia.
In the Sequatchie Valley seven samples were taken north of Jasper.

THE PLATEAU OF WEST TENNESSEE

i i i i hills of the Highland
rovince has for its eastern margin the
Riﬁhllfolt?dering the Tennessee River flowing nor.'thward ac_rqgs_thg
state. Its western border is the bluffs overlooking the M1551.551pp;
ﬂood. plain. The surface has a gentle slope westward, fIt xst_nl(:s
deeply eroded and many of the streams are (r:narshy. Ti’}t:ert(;;nr;a 1:11(1
i i taceous, i
largely of recent geologic age, being Cre ‘
gzarz::%na):-y. However, outcrops T(\)}f) De.‘;oman ar};(elstosill:elo;?;l:da :lg
laces along the Tennessee River. The soils are sands, ¢ :

El;;:. Betgween McKenzie and Huptl.ngglon the solxcl t;s a r(‘lee;{nr:}(}lé
but in other sections of the province it is light or dar ro:vR.iver fhe
Devonian exposure between Camden and the 'I'ennrgs:erI Tcty.
soil is heavily laden with chert and contains ht;lehca c:t::: in'g Fw
four samples were taken from the region, ten of them
Devonian outcrop. _ . _—

The Devonian formations are exposed in t'h% | Hﬁ?ﬁﬂﬂﬁ fé 4
where the Harpeth River cuts through the Hig t?xrils e e Tiave
berland River. Eight samples were taken fﬂ;n;.eq )
heen considered with the other Devonian sampies.
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MISSISSIPPI ALLUVIAL PLAIN

the most westernt physiographic province in g

This narrow area is of the alluvial flood plain of the Mississ,

state. It is that portion ol |
River lying on the eastern si

‘i b

i d, but much of it 18 stick: i
P]ax;e‘;othelrtei;ss?;g?mtlv deficient in lime and so is slightly acid. Sey,
gu . 3

is province.
samples were taken from this P

Woop SAMPLES
n is found throughout tbe plant kingdon
h small quantities that it cannot be deter

Hoffer®* found that, in the corn plant
r than was that of the internodeg

Molisch® says that iro
but that usually it is in suc
mined by the ordinary tests. .
the iron content of the nodes was highe :

In this study it was decided to use wood as the plant tissue or; whic
determinations of iron were t0 be made. Leroux anq Leroux? hay
shown that the leaves of woody plants holq thg most iron. How?ve,-
leaves are rather evanescent things and, q}Jlte likely, their compositio
reflects the seasonal conditions under which they grow. Wood frg
the trunk of the tree was used for two reasons: first, any effect o
the composition that might result from abnormal sea_sonal condition
could be offset by using wood having from four to six yeats growt
in it. Second, if an antagonism exists between the calcium in th
soil and the iron in the wood, one would expect the one to be replace
by the other. Uniformly, calcium is highest in the trunk of the tree
In case of a calcium deficiency in the soil, does the tree replace it
calcium in part, at least, with iron?

TABLE 1
Ash and Iron Content of Woods
Ash Fe:0s Fe.Os
Name of Wood (with | Ash in in
10% | (Dry) Ash Wood
H.0)
% % % %
Red 08K..oocooorc o 85 | .94 | 0.21 | .0020
‘White Oq.k ........... <37 .41 0.50 .0020
Yellow Pine . ~ D0 .40 0.18 .0007
Long Leaf Pine..............__| .41 .56 2.76 .0154
‘White Ash._..____ S .48 2.92 .0140
Chestnut.._._._......._.. .. .. . 22 .24 2.65 .0064

®Molisch, Hans. 1913. Michrochen:
vy hemie der Pflanze, p. 39.

%
Leroux and Leroux, 0p. cir.
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There is very little information availah]
woods. Perhaps the most reliable data iz (f)
White®® who gives the percentage of iron in w,
centage of ashflr_l the wood. From his figures i

the per cent of iron originally present in th :
has been made in table 1 which is based onev‘vvﬁgti‘,s f?;fllrlecadculzutxon

The accuracy of his results may be questioned. He dsd

termine the amount of iron in the wood directly, but found itl i Ef% de-
by calculation. At the time he did his work (1889) laborator )l'ntelcrlﬁ]cy
s

in michrochemistry had not been developed that :
2 direct determination. P would make possible

Campbell*” found that the Osage orange is almost devoid of iro

Oak wood was chosen for this study. White had shown that ;
contains fairly large quantities of iron and that, probably, th at 1t
content of the different oaks was approximately the same A :ecl;gg
reason for choosing oak is that it is found very generally in all the
pliysicEraphie poviness o1 Tennessee, while many other varieties of
wood are indigenous to certain provinces only.

n the iron cont

_ ent of
ound in the work of
ood ashes and the per-
t 15 possible to calculate

METHOD OF SAMPLING

W ood.—Wood samples were taken by cutting a cross-section from
a young oak tree having from four to ten annular rings. This section
was then sawed into pieces one-half to three-quarters inch in length.
The ten gram sample was split out of these pieces.

Soil—Soil samples were taken with a soil auger. Borings were
made two feet deep where underground rock conditions would permit.
1f the rock was within two feet of the surface, the borings were made
down to rock. Any leaves and other materials on the surface were
removed. All the material from the borehole was saved, carefully
mixed, and quartered down to a 100 gm. sample. From this sample
the tests were run. Care was taken not to obtain samples where the
soil had been disturbed or modified by grading, excavating, sliding,
fertilizing, or other activity that might change it from its natural com-
position or position.

SUMMARY OF SAMPLING

The samples used in this study were secured on the basis of the
major physiographic provinces of Tennessee. The soils of each prov-
ince reflect the geology of the province in a very striking way. )

One hundred and sixty-six samples were collected. They were dis-
tributed as follows: Great Smoky Mountains (Roan Mountain re-
gion), 15 samples ; Great Valley of Tennessee, 14 samples ; Cumber-
Jand Plateau, 25 samples; Highland Rim, 42 samples; Central Basin

White, H. C. 1889. Ash Analyses of Native Woods. Georgia Experiment

Station, Bulletin 2. i i
S Campbell, Carl G. 1931, The Analysis of the Osage Orange. Unpublished

study at George Peabody College for Teachers. Nashville, Tenn.
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CHAPTER 111

ANALYTICATL PROCEDURES

In the selection of analytical procedures e
we that have heen subjected to ea te was taken to yge
:\‘:\‘d well-established use, reful checking through m,:?}:

The methods of analysis adopted . )
Agricultural Chemists™ were used m Association of Official
erminations methods that had been subi pn':*- fl"!ll‘ uh“ de
by uther investigators were used, Jected to careful verification

DETERMINATION OF Py of Soil Sampres
The hydrogen ion concentration of the soil samples determined
bquninhydmekt}m‘aﬁlhahlﬂNw‘;qm‘
ometet. L‘prl;arﬂCnﬁnm*hnmhdmﬁemm
the determination. Procedure: To 25 gms. of air dried soil in o
Wmmzs_mor_&m-mumm' of
Mvdrm. mmsﬂﬁMUﬁn&m&:h
< irty the - 3 2

st or e potentometer is read when the salution
Three determinations were made on each sumple and the
|:IEIMP*“.*“'“ w. 3 ﬁ_b*’mimﬂ
case the varying one was discarded.

DetErMISATION oF Oucaxse Marms
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Reagents used. ' ‘

1. A .3% solution of hydrogen peroxide containing 25 ce, sy fur
acid per liter. ric

2. Chromic acid solution prepared by dissolving potassium chr,
equivalent to 18.88 gms. of chromic acid in hot sulfuric acid, A“;ate
cooling the volume is made up to a liter with concentrated sy futé:
acid.

3. Diphenylamine indicator prepared by dissolving 1 gm
diphenylamine in 200 cc. of concentrated sulfuric acid and 40 c‘c g§
water.

4. Standard ferrous ammonium sulfate solution made by dissolvip
79.80 gms. of the salt in water containing 40 cc. of concentrated gy
furic acid and making the volume up to one liter with water. )

Procedure—To .20 gms. of the air dried soil were added 10 cc, of
the hydrogen peroxide solution. The materials were well stirred ;md
allowed to stand until the reaction was complete.  When the action
had ceased the contents of the flask were poured into a 400 cc. beaker
The flask was rinsed into the heaker and the contents made up to 256
ce. About .5 cc. of the diphenylamine indicator was added and the
colution titrated with the ferrous ammonium sulfate. While it js
possible to calculate the amount of carbon from the theoretical equation

3C+3H202+2H2Cr04+3H2504= Cr2(S04)3+8H20-+3CO,
more accurate results are obtained by standardizing the chromic acid |
solution against pure sucrose. In this way the carbon equivalent of
the chromic acid may he accurately determined. By making use of this
factor and the fact that carbon represents 50% of the organic matter
in soil# the amount of organic matter in the soil may readily be
determined. Carbon factor used: 1 cc. chromic acid equals 0.00116

gms, carbon.

DETERMINATION OF IroN AND CALCIUM IN So1L

A large number of methods for the determination of iron and
calcium in soils are in existence. ILemke*® suggests the determination
of the pyy of the soil and the caleulation of caleium using a factor,
Steenkamp?? suggests the desirability of a colorimetric micro-deter-
mination of iron and calcium. He states that iron in the ferric state
may he determined Dy producing an amethyst color with salicylic acid
and the amount of caleium may he found by precipitating as calcium
oxalate at pyp 4 and developing the color with hromeresol green.

an
‘ Rca'd.. J: W m‘ul R, H. Ridgell. 1922. On the Use of the Conventional Carbon
l“as‘tlor in luatjn\atlng the §oil Organic Matter.  Soil Science, 131 1-6.
. .]crnll(e.l l"A 1930.  Significance of pir and Caleium Content of Soil and
lﬁy;‘pﬁzz aboratory Methods for Their Determination.  Dewtcher Zucherind, 553

"h:lcux‘:kump J. L. 1930, Microchemi

: L1 L. 1930, ‘hemie ; Soi th

A frican Chemical Institute, 13 6-1-);0?““‘“1 Analysis of Soils. Journal of Sot
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edd# shows that the digestion of soils with

five minutes gIves results uniformly 949% of t
soil- .

It was believed that, wherever they were availab} !
and generally accepted met.hOdS should be useii fﬁYﬁiStandardlzed
that reason, the r“;§Jt°-thods given by the Association of Og;o.rk. e
cultural Chemists*” were used in the determinations, s

Reagents Used.
Hydrochloric acid diluted with an equal volume of water
Dilute ammonium hydroxide, .
Methyl red indicator.

Stannous chloride, 5% solution.

Mercuric chloride, 5% solution.

. Standard potassium permanganate solution made by dissolvin
3.1606 gms. of pure potassium permanganate in sufficient water tg
make one liter of solution. This makes approximately N/10 solu-
tion. 'The solution was allowed to stand 48 hours in the dark and
then was filtered through asbestos. It was standardized against
sodium oxalate. One cc. of permanganate was equivalent to 0.002
gm. of calcium or 0.005584 gm. iron. :
7. Standard sodium oxalate prepared by dissolving exactly 6.7 gms.
arest sodium oxalate in water and making up to one liter. This is
an N/10 solution.
8. “Titrating Solution” containing 144 gms. of phosphorus pentox-
ide, 245 gms. of concentrated sulfuric acid and 67 gms. of manganous
sulfate and sufficient water to make one liter of solution.

9. A 4% solution of ammonium oxalate.
Blank tests were run on all reagents used.

Procedure—Weigh accurately 1 gm. of the sample of soil into
an Erlenmeyer flask. Add 25 cc. of hydrochloric acid (1-1). Digest
on hot plate for five minutes. Dilute with 25 cc. of 10% h_vdrochl‘oric
acid and heat to boiling. Filter and wash, using filtrate with washings
for the determination of iron and calcium in the soil. Add a drop'of
methyl red and then add dilute ammonium hydroxide until the solution
is distinctly basic and boil until the odor of ammonia is faint. Filter
and wash thoroughly, adding the washings to the filtrate. Use the
precipitate for the iron determination and the filtrate and washings

for the calcium determination.

N/2 nitric g
acid f
he tota] calcium in tl(;:.

A

10% hydrochloric

Iron—Dissolve the iron precipitate in 25 cc. of
acid and dilute to 50 cc. Heat almost to boiling and add, drop by

ption and Other Factors 0
Nitric Acid Digestion ©

+ 383-393
gt O fiicial Methods of

n Certain Plant
{ Soils and an

“Shedd, O, M. 1923. Effect of Absor
Food Constituents Obtained in the Dilute NI
ImPrnvcment for Their Estimation, Soil Science, L 25

® A ssociation of Official Agricultural Chemists. 1725
Analysis, pp. 28-29.

%
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chloride solution until the ferric chloride has j
e St being evident by the diSaPPATE FEC of the red cofor, lz)\ee"
re ucm;'e drops of stannous chlor}de and cool quickly. Whey, dq
twg n“ at once, 25 ¢C. of mercuric ch!orld‘e solution and mjy Cool
add, a .., add 50 cc. of the “titrating solution,” and 4 1

i cc. . vel],
;)txléﬁet(:vistgothe standardized potass:umf permanganate SOlutionlttr:te
faint pink color. Calculate the amount of iron in the sample from ¢ h:
amount of permanganate used.

Calcium.—Evaporate the filtrate containing calcium to 50 cc, o
add 5 cc. of ammonium sulfide to precipitate any manganese tha’t mol'
he present, filter and wash with hot water. Discard the pr. eCipita:l
Again evaporate to about 50 cc., make slightly alkaline with ammomue.
hydroxide and add, while still hot, ammonium oxalate solution, dr(:"
by drop with stirring, so long as any precipitate is formed. Aj) p
to stand an hour and then filter. Wash the precipitate with hot Wa?w
until the washings are free er
ings.

Pierce the point of the filter paper and wash as much as possible of |

the precipitate into an Erlenmeyer flask with hot water. Disggl

the remaining precipitate in 15 cc. of hot 25% sulfuric acid aquive
it to run into the flask. Finally, wash the paper thoroughly with hng
water, adding the washing to the flask also. Make up to 75 cc., heat ?t
00° C. and titrate with the standardized potassium perma;,ganato
solution. Calculate the amount of calcium in the sample from the
amount of permanganate used. ¢

DETERMINATION OF IRON IN THE PraNT

L. Leroux and D. Leroux®™ found that iron is very unequally dis-
tributed in different plant organs. In herbaceous plants the ash of
the roots, and after the latter, the ash of the flowers, was found to
he particularly rich in iron. In woody plants the ash of the leaves
regularly held the most iron. The ash of the stems of all plant
richest in calcium. pe e

) N :
The amount of iron in a plant is, even at its maximum, so very
small that the ordinary gravimetric or volumetric methods are inade-

quate for its determination. Stokes and Cain® have developed a very

sc’r:}s:twe colorimetric 'n?ethod that, hecause of its great accuracy even
with very small quantities of iron, was used in these determinations.

Reagents used.

3 t], St;u;dard Iron Solution: 0.863 gms. of ferric ammonium sul-
ate and 5 ce. of concentrated sulfuric acid were dissolved in sufficient

wr
H!l".::(:lr:::,}ll,‘..;ndalll)d. JLeerou(’; 1923, Rew. Gen. Botany, 25: 24-33; 57-70.
" . R. Cain. 1907. On the Colorimetric Determination of

Iron With Special Refe 3
Bulletin 3. erence to Chemical Reagents. U, S. Bureau of Standards

from oxalates. Discard filtrate and wash
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liter of the solution. Thi -
ter to make one : . is solution i
gf iron per liter. For use dilute 5 cc. to 100 cc. Thz(;n:i?;gfeg-llgm'
’ cC,

contains 0.000005 gms. of iron.

2 5u1{ocyaﬂic acid reagent "% a 7% solution of sulfocyanic acid ;
. 15

ith m ic cyanate and an excess i :
turated with mercuric . ess is left in
.s: ¢race of potassium persulfate is added to the solution. i ol

_ Mercuric sulfocyanate: a hot solution of mercuri i

mols.) is poured into a_solutnon of ammonium sulfocya;fa:(tl 1?;“;]:,: 1( 4

il ooled. The resulting crystals are filtered out and washed o)
4. Amyl alcohol-ether solution: to 5 volumes of

added 2 volumes of ether. amyl alcohol are
Procedure.——Thoroughly char 10 gms. of the sample at low red

- heat. Moisten with 1:1 nitric acid. Evaporate to dryness on the

¢ plate. Take up with 1:9 nitric acid and filter. Wash wi
}:f) h%t water acidified with nitric acid. Burn the residutl;.l;(iogltcecf
aper to @ white ash and add to the filtrate and washings. FEvaporate
to 25 cc. Make up to 100 cc. with 1:9 nitric acid and allow to settle
Use supernatant liquid for determination of iron in colorimeter. The.
colorimetric reading is made by placing a standard iron solution (di-
luted 5 cc. to 100 cc.) in one tube of the colorimeter. Place sample of
the unknown in the other tube. Add to each an equal volume of the
amyl alcohol-ether and three drops of the sulfocyanate reagent. Mix
well. Place in colorimeter and adjust tubes until color is same in
both tubes. Read scales and calculate amount of iron in unknown.

Method of calculation of iron from colorimeter readings:
Scale readings—

Standard. ..........- 7.5
Unknown ........-- 250

C'oncentration of iron in unknown is 75/ 250 of concentration in
standard.

Concentration of iron in standard is .000,005 gms. per cc.
Concentration of iron in unknown is 75,250 of 000,005 gms.

or .000,001,5 gms. per cc.
Tron in the 100 cc. of the unknown is 100 X .000,001,5 gms. or

000,15 gms.
Iron in 10 gms. of t
X 10‘570.
A Bausch and Lomb Duboscq type colorimeter wi
work.

he original sample is 0.000,15 gms, or 1.5

as used in this

treating 100 parts of coarsely powdered

e of 65 parts !
s transferred at once to a separating

5 1focyanic acid was prepared by
ammonium sulfocyanate with a cold mixtur:

acid and 100 parts of water. The solution wa: Th ]
funnel and extracted with three-fourths its volume of amyl alcohol. e amy

alcohol solution is shaken out twice with an equal volume of watehr. Tdhe ‘:e:
aqueous extracts are mixed giving approximately a 7% solution ik ;:n C 1574
“On Sulfocyanic Acid,” U. S. Burean of Standards, Scientific Paper 3%, PP

158.
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iver j th of its entrance to t,
th River just sou 0 the
valley of the Iﬁi\?eil some evidence’of Oyerﬂow and it is POSsib]; Wi
The locality $ oduced a modification of natural soj] i

. (7% . COn oy 'V,,
alluvial cond‘t‘gzts ﬁ; the fact that the calcium content of 0 ditjogd
e 1ls bv(vzgemuch higher than that of other samples eith :
samples

Plateau or from the Narrows. The Harpeth River floye : Mt
a

ws int o
Narrows from the limestone beds of the Central Bagjy, , © f
arro

_ hm . and §
waters carry some lime in solution. . :
TABLE 3
Analyses of Woods and Soils, Western Plateay
So1r Woop
SAMPLE {
NUMBER . 3
Organic | Fe Ca Fe

P Matter Ca‘

% % % b.p.m. %

475 | 1.42 | 2.23 0.48 4.30 | g3

4.95 | 1.93 | 2.50 | 0.51 3.90 | o3

5.55 1.70 2.75 0.45 4.20 | 0.3

5.40 | 2.0l 2.15 0.48 4.20 | 03

5.42 | 2.24 | 2.55 0.50 3.90 | o3

5.30 | 1.80 | 2.22 0.43 3.60 | 0.3

5.40 | 2.42 | 2.40 0.45 4.00 | .3

5.40 | 1.92 | 3.72 0.40 3.80 | 0.3

5.44 | 1.82 2.42 0.45 3.80 | 0.3

5.31 1.12 3.12 0.62 3.50 | 0.3

521 | 0.96 | 3.84 0.39 3.75 | 0.3

5.0 | 0.75 | 4.61 0.32 3.50 | 0.3

5.21 1.07 | 4.21 0.45 4.00 | 0.38

5.00 | 0.92 3.97 0.42 3.90 | 0.3

4.59 | 0.82 1.44 0.30 6.25 | 0.4

4.85 | 0.97 1.64 0.24 6.35 | 0.2

4.93 | 0.70 1.58 0.24 6.40 | 0.31

4.90 | 1,00 1.64 0.24 6.30 | 0,29

4.83 0.65 1.28 0.36 6.00 | 0.3%

4.90 | 0.87 1.34 0.28 6.25 | 0.30

4.95 | 0.75 2.23 0.28 6.30 | 0.3%

4.88 | 0.70 1.37 0.27 6.35 | 0.3

4.95 | 0,95 1.31 0.30 6.20 | 0.36

4.65 1.00 1.28 0.32 6.20 0.36

6.90 | 1.24 2.63 1.14 3.60 | 0.42

2.80 1.84 | 2.97 1.60 | 3.20 | 0.56

5-?3 1.37 3.69 0.28 6.45 0.30

soo | 120 | 263 | 030 | 6.32 | 0.3

522 | 108 1 2.60 | 028 | 6.20 | 0.3

K 0.95 2.80 0.32 6.35 | 0.

i ?gg 2.86 | 0.30 6.40 | 0.3

: 269 | 0.32 | 6.41 | 03

—t T ‘.

20 1t | 28 | g2 | s.06 | 088

! )r’gzmic matter §

€ 10N content coyerg A wide ¢ the Western Plateau vaties Wi iy

ange. The samples taken from ¥4

N the soils (f
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Kenzie
werea d

Harpeth Narrows, all these soils are deficient in
the

to Huntingdon were especially rich in iron,
eep red in color. With the exception of the tw
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These samples
o samples from
calcium,

The calcium in the wood varies from .30 per cent to .56 per cent

i i t of the wood is ve
range in the iron content o

and the highest iron content having more than t
aving the lowest content.

with the
sample h

Ty great, the sample
wice the iron in the

In table 4 18 shown the results of analyses of samples from the Cen-

tral Basin. Samp}es No. 40, 41, 42, 43, 44, and' 45 were taken from
the phosphate region at Mt. Pleasant. The calcium in the other sec-
TABLE 4
Analyses of Woods and Soils, Central Basin
So1L Woob
SAMPLE
BER
NP pu | Organic| Fe Ca Fe Ca
Matter
% % % b.p.m. %

) Py 5.91 1.23 2.08 1.23 2.90 0.45

5 7.12 275 1.65 3.02 2.50 0.65
7 .40 2.87 0.78 1.99 1.50 0.62
7 .47 3.25 St 1.87 2.25 0.60
7.04 2.00 3.02 1.55 2325 0.55
7.02 3.86 3.24 1.62 2.00 0.57
6.98 2.77 3.57 1.24 2.80 0.46
7.65 1.89 3.15 1.88 2.20 0.60
7.34 2.01 2.79 2.59 2.50 0.64
7.56 1.99 2.82 1.78 2,20 0.58
6.92 1.92 2.90 1.10 2615 0.43
6.99 1.92 2.68 1.24 2.50 0.45
6.75 2.00 2.79 1.70 2.10 0.46
7.12 1.78 3.12 1.64 2.10 0.58
6.82 2.10 3.02 0.96 3.25 0.43
7.01 1.48 2.23 1.42 2.20 0.51
6.70 1.33 2.68 1.21 2.65 0.47
6.92 1.23 2.56 1.11 2.75 0.42
7.60 1.20 2.22 2.01 1.50 0.63
6.90 1.60 2.48 1.46 2.10 0.49
6.97 1.25 1.10 1.35 2.60 0.49
7.00 1.92 0.90 1:15 2.90 0.42
7.45 0.92 2.30 1.50 2.2 0.50
6.69 1.00 1.30 1.28 2.40 0.48
7.40 1.82 0.95 1.80 1.50 0.59
6.75 2.26 2.05 1.20 2.70 0.46
6 .85 1.59 2.90 1.20 2.85 0.45
6.88 2.35 2.77 1.24 2.70 0.44
7.02 1.72 2.22 1.50 1.85 Oiz
6.70 1.2% 2.50 1.25 2.60 0.“
6 75 1.42 2.10 1.11 2.62 0-47
6.65 1.10 2.15 123 2.60 | 0
7.01 1.86 2.38 1.60 2.19 0.51
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. bles were obtaineq
i1 from which samj ; d vy
tions of the basin m carbonate. There is, however. s largel
the form ion the analysis either of the soil or the wooq e totlc

d;]ﬂ:re:nc i the carbonate feg“')c? ) f:"lolxls zogzliz;ate b(?'t Sligh Yeg' i
ate and line side, conditj St
to the acid of the alka On. The it
TABLE 5
Analyses of Woods and Soils, Highland Riy, !
_
Sorr, WOO
D
SAMPLE — ——
NUMBER - %ﬁ?{gﬁ Fe Ca Fe
—/____ S|
% % % b.p.m, 0of
5.12 1.21 1.56 0.10 7.§ :
5.15 | 1.12 | 1.80 | 0.12 S.Sg g
5.6 | 0.97 | .42 | 022 | glgy | 32
4.75 1.11 1.16 0.20 8.60 | o
4.92 | 0.72 0.95 0.18 7.80 | 5%
5.24 1.01 4.12 0.20 6.50 | o7
5.42 1.45 1.79 0.22 7.00 | 0%
5.55 1.50 4.41 0.21 6.90 | '3
5.61 1.87 4.32 0.28 8.70 | o3
5.21 1.22 1.21 0.33 7.70 | 03¢
4.90 | 0.75 1.00 0.18 8.10 | o
5.15 0.95 1.05 0.12 8.20 | 0.2
5.12 1.00 1.40 0.16 8.00 0,73
5.40 | 1.20 0.90 0.20 7.10 | 0.3
5.50 | 2.00 3.70 0.15 6.90 | 0.2
5.30 | 0.65 1.00 0.15 7.10 | 0.3
5.50 | 1.60 1.20 0.25 7.00 | o0,
5.40 | 1.40 0.90 0.22 6.50 | 0.3
5.55 1.20 2.90 0.25 6.10 | 0.30
5.20 | 1.00 | 3.20 0.20 | 6.60 | 0.2
540 | 1.20 | 4.65 0.45 5.80 | 0.3
5.60 | 0.95 4.48 0.38 5.92 | 0.3%
4.90 | 1.00 2.90 0.25 6.26 | 0.32
5.50 | 1.25 4.65 0.55 5.50 | 0.3
540 | 1.10 | 3.75 0.40 5.95 | 0.3
5.55 1.05 3.20 0.45 5.70 | 0.3]
5.8 | 0.95 2.80 0.38 6.00 | 0.
5.65 1.30 | 2.65 0.32 6.15 | 0.3
5.83 | 1.18 2.87 0.58 5.22 | 0.3
5.90 | 1.32 3.00 0.65 5.30 | 0.3
5.27 | 0.88 1.62 0.30 6.00 | 0.33
g.;o 1.12 1.85 0.36 6.00 | 0.3
.50 1.00 1.12 0.24 6.40 | 0.3
gg 0.21 6.92 0.20 6.64 | 0.28
e 0.34 8.68 0.20 6.45 | 0.2
.28 0.64 5.40 0.50 4.50 | 0.38
A 1.34 1.40 0.78 4.40 | 041
6-33 0.44 | 4.80 0.30 5.50 | 0.34
cel0 0.56 | 3.78 0.42 4.50 | 0.37
. 0.84 3.87 0.44 4.80 | 0.
“\—-‘\_
551 1 1.05 | 2.8 0.30 | 6.5¢ | 0.2
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the soil varies widely. .Th.e cal.cium.in the soil is uniforml
C?nltfnt ’I?lie calcium in the wood is likewise high and the iron ix??h)er
hlgo& is uniformly low.
WOT ble 5 gives results ’of the analyses of samples from the Highland
a With the exception of sample No. 117, all samples were acid,

Iﬁe p . dropping below 5 in four cases.  Most samples gave a
T petween 5 and 6.

'y wide variation in the content of organic matter is evident.
Sample No. 16 was tfaken from the red strip just south of White
e on the northern rim. Samples Nos'. 18 and 19 were from the red
Ho‘us'ugc east of Burns on the western rim. Samples Nos, 71 and 72
strip Jfro m the red strip north of Lawrenceburg on the southwestern
were Nos. 74, 75, and 76 were from the red strip south of Manchester
rim. southeastern rim and Nos. 114, 115, 118, 119, and 120 were

he . b «
??Ottn the red strip on the eastern rim between McMinnville and
TABLE 6
Analyses of Woods and Soils, Cumberland Plateau
Soi. Woobp
SAMPLE
Nupess pu |Organic| Fe Ca Fe Ca
Matter

% % % p-p.m. %

5.10 1.42 2.24 0.20 6.45 0.30
5.50 1.88 1.90 0.42 5.85 0.37
5.61 1.55 2.46 0.46 5.62 0.37
5.00 1.98 2.30 0.24 6.15 0.30
5.10 1.35 2.14 0.30 6.15 0.35
5.20 1.42 2.80 0.22 6.53 0.29
5.00 1.85 2.35 0.20 6.25 0.29
5.40 2.00 2.46 0.30 6.32 0.36
5.50 1.55 2.75 0.35 6.00 0.37
5.32 1.68 2.55 0.32 5.95 0.33
5.25 2.05 2.41 0.24 6.44 0.31
5.10 1.60 2.30 0.20 6.51 0.27
5.26 1.78 2.80 0.24 6.42 0.30
522 1.66 2.15 0.36 6.30 0.36
5.25 1.10 1.96 0.28 6.35 0.34
6.89 1.87 2.52 0.56 4.30 0.33
7.00 0.92 1.96 0.60 4.70 0.38
5.45 2.25 2.35 0.24 6.25 0.29
5.38 2.38 2.52 0.38 6.32 0.37
6.00 2.32 2.80 0.50 6.10 0.33
5.80 1.28 2.24 0.40 6.35 0.37
5.86 1.76 2.24 0.46 6.05 0.38
5.02 1.88 1.96 0.38 6.10 | 0.37
4.95 3.44 2.22 0.24 5.92 0.30
4.87 4.67 2.62 0.28 6.36 0.33

36 | 0.33 | 6.07 | 0.3

w
S
-
o
2
~N
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Clene,

e
_ In all of these samples the iron is ¢
‘Spll'ﬂ: taken from other sections of the rir: the hlgh- In
cases being ouly one per cent or less. O S o
The soils of the rim are uniformly low in cqps '
& in view of the high solubility of thc:kéum‘ Thyg ;. .
and the low calcium content of the Fort Py >t Logjg 18
the major portion of the bedrock of the region, Aih::st%ﬂn
the rim above the Central Basin gives opportunity f’tb‘f 8
of the soil o rpig
maﬁminthelnodismﬁfonn]y]owandthe.
mhigh.motmorepﬂﬂsmmiﬂionbeingm““‘
Rmksoiaml}'StSOfsamPkammeCnmbahnd
given in table 6. \\'iththeexcyptionofsnmpleNo 12>
2 py of 7. all samples were acid. Sample No, 122 e

i:uhﬂ:sunisnoth:gh,thehighestbang_m

b the
the iron 15 ch.
Table 7 shows the analvses of snmplesfrunthe(;m‘r

the Tenmessee. Samples Nos l3ltol40,itdusive,
between Rockwood and Knoxville.  Samples N

- P & of K il X ll
135. 137. and 139 were from hilltops. The others were {2
TABLE 7
Anglyses of Woeds end Seils, Great Valley of Temnessee
Sewri s Ve
Nou=ss ﬂ
Pa ' Organic| Fe Ca Fe
! Matter
| % | % | % |eem
B 693 | 135 | 28 | 090 | 355
B 59| 130 | 308 | 06t | 250
e Ppmm L U TR 0 1 2.03 1.0 | 350
Bt 685 | 06 196 | 091 | 325
m‘_\m*ﬁ___‘ 610 | 1.11 | 2.16 0.72 3.75
by [ 7.36 i 1.21 | 2.30 1.21 275
T S— 695  1.92 1.72 0.98 3.1 ;@
5 . 622 ! 156 | 2356 0.84 3.30
= 2R e Lm } o | LR
m._\_' 7.00 1.42 2.96 1.12 § 3.30
e — 589 | 1.22 | 2.01 071 | 385 19
i 7.12 | 2.6 2.13 1.12 | 3.15
Ce——— AR AL
| 699 | 142 | 1097 | 1.02 | 2.8
N SR (I
n“‘\l 6.63 ‘ 145 | 227 | 093 | 3.2
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:ed in p. but little from the neutral point. Organic
All S'mgllfi::g but 01:1e was above one per cent. The iron ti‘rgnatl-n:
matter 10 ~ In general the calcium in the soil was higher north
soil yﬂsﬁk than it was south of that city.
of K003 oan Mountain region of the Great Smoky Mountains
In ﬂ;) 41l soil samples were highly acid. the py in most cases
(table "¢ 5. The organic matter was much lower than in any of
ing below 2 nces. There was a wide variation in the iron content
the 1pthe minimum being 1.17% and the maximum being 5.60%.
f tm g)! " was very ]0W.
The | the calcium was uniformly low and the iron was

In the high with no great variation in content.
un]fl)lm].i

TABLE 8
Analyses of Woods and Soils, Roan Mowntgin
Somn. Woon
SaMPLE
RErasme. ps | Orgamic| Fe Ca Fe | Ca
Matter
% % % p-pm. %
s | 484 0.42 5.32 186 | 6.43 | 0.23
146 1.72 0.84 £.43 167 6.40 | 0.25
147 5.00 0.72 3.92 287 6.75 | 0.33
148 1.46 020 | 1.31 162 6.47 | 0.24
119 5.24 1.13 1.92 242 6.55 | 0.31
150 £.76 0.92 1.56 289 6.66 | 0.33
L} s.a2 1.26 5.0¢ 265 6.50 | 0.31
152 ! 295 1.05 3.64 307 695 | 0.36
151 a9 1.12 560 | .320 | 7.00 | 0.35
158 000 | a8 0.69 2.6¢ 220 | 6.50 | 0.30
155 498 0.87 3.37 246 | 6.50 | 0.30
156 | 475 0.41 1.32 180 | 6.40 | 0.26
157 ! 478 0.47 1.17 188 | 6.47 | 0.27
158 000! 492 3.86 4.21 203 660 | 0.30
1000 | 5.03 0.65 3.62 200 | 6.14 | 028
160t 496 0.88 2.01 206 6.55 0.28
MEax 4.92 1.02 3.02 230 | 632 1 0.29

The mean results of the analyses of samples from the various
physiographic provinces are given below (table 9).



Mean Results of Analyses of Woods and Soils
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TABLE 9

of Science

Provincg

Alluvial Plain

Western Plateau..
Central Basin..
Highland Rim.....____
Cumberland Plateay_.
Great Valley...

Great Smoky Mtns.

Soir,
PH Organic Fe
Matter

% %
5.38 1.78 2.62
5,19 1.27 2.52
7.01 1.86 2.38
5251 1.05 2.81
5.44 1.91 2.36
6.65 1.44 2.27
4.92 1.02 3.32

Ca

%

0.61
0.43
1.60
0.30
0.33
0.93

0.23

CHAPTER V

COMPARISON OF DATA

i isting between the soil components and the plant
relations }ftxi)sslr;fade evident by: (1) an examination of dis-
ituents Mg which are shown the percentage dlstnbutlon. of
on chart}S ?;nces' (2) the determination of the mathematical
. S subs ’

—6p.p.m.
—4p.p.m.
l ’ —2ppm.
-0
in wood
—040%
—0.20%

-0
Calcium in wood

— 1%

lron

-0
Calcium in soil

N . iron in wood (Missis-
Fig. 1. Distribution of calcium in soil and calcium and iron in wood ( ;

: s ing calcium in
sippi Alluwial Plain). Samples arranged in order of increasing
soil,

ideration ; and
correlation existing between the substances under cons !

4 ionship. if any, that
(3) by the plotting of a curve showing the relationship. if an)
exists,

— 303 —
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(1) Distribution charts for t.hv .cnlcinm in th? SOiland e
and iron in the plant are shown in hgurus 1-7. Bor each
provinee the samples are arvanged in the ovder of ipey
content of the soil. Thus there is an inerease in the
caleium from the left to the right of the chart,

An examination of these charts showing the distrihution of eale
and iron in the wood gives one the very definite impression thactl '
general, from left to right there is an nerease in the amoyng of élln
cium and a decrease in the amount of iron,  In the distributioy, cl o
for the Central Basin (IYig. 3) it is evident that, with the increas lart
caleium in the soil from left to right, there is a similar increase ineﬂm
caleium in the wood and a marked tendency for the iron in the Woo]fl
to decrease, A similar general relationship hecomes evident on ey.

Catlejy

CARINE gy

amount 80i]

e
UIHERSHNTRTRRTTTIERRITR
u““"L;;;g:;n;;glllllllll”_:z:

Fig. 2. Distribution of calcium in soil and calcium and iron in wood (Western
Plateaw). Samples arranged in order of increasing calcium in soil.

amination of the charts for the o
increase of calcium in the w
calcium in the soil.
relation of the iron i

ther physiographic provinces. The
ood practically parallels the increase of
While a specific inverse factor expressing the
ition ron in the wood to the calcium in the soil in any one
region 1s not evident, a general relationship clearly exists.

This general relationship is evidenced in another way. A com-

parison of the distrib

ution charts for the various regi kes evi-
; . gions makes ev.
dent the fact that in those regions having a low calcium content in

ph }'“i“ﬂl'aph!,%
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(| the caleinm in the wnqd is low and the imq in the wood iy
i Lin those regions having a high calcium soil there is also a
pighs A1 m and a low iron content of the wood. "The soil samples
high calClUCcmrul Iasin all have a high calcium content.  Oak wood
from the Central 1asin has a high calcium and a low iron content,
from ﬂ,‘“ from the Iighland Rim is very low in caleium, much lower
e soil Tf the Central Basin, The wood from the Highland Rim is
than that © aleium and high in iron, the iron being much higher than
very low mlC of the Central Basin, The calcium in the soil of the
in the W"]‘l" and the Mississippi Alluvial Plain is much higher than
Great Vﬂ,l‘?yo'f Roan Mountain, the Western Plateau, or the Cum-
in the sO! l!: tear, The calcium in the wood from the Great Valley
perland Pla it pi Alluvial Plain is much higher than in the wood
and the MlsslM ()rl),ll’ltain' the Western Plateay, or the Cumberland

the #0

from Roan

e
HHHHH T
o lron in wood

-0kt

s

l \ \ l -
(4]
|

L

: . i Ic :
: istribution of calcium in soil and calcit = i soil
F%.ai._n)Dnséx;Il;:)tll;n a(:_ ranged in order of increasing calcium

Calcium in soil

ions is very
Plateau. The iron in the wood from the first two regt
much lower than in that of the last th_ree. N
The picture is clear. (a) As the calcium 1

T d grown in the g
province increases the calcium in the oak wgotogéecre ase, (b) physio
wise increases and the iron in the wood ten 5.1 have high calcium an
ctaphie provincef having high.caltc;l;l r[s;loflmand those having 2 low
low iron in the wood growing 1l 20= 7" . e wood.
calcium soil have low calcium and high iron

. hysiographic
the soilof 2 P })1' s§il ike-
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) TABLE 12
It is evident irom table 10 that there is a very hi " - Hi Rim, and Other Factors
relation between the calcium in the soil and the mldf:l me - + Wood of Red StriP. ”""'"""—3——————",‘
Table 11 shows the correlation between the iron in the woo: | rtt = — 68
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value of “r” is. in most cases, much below .50. The same thipe -
truc of the iron in the soil and the iron in the wood. Ek
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e B wood
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In figure 9 the percentage of calcium in the soil is plotteq as
abscissa and the percentage of calcium in the wood as ordinate, At‘l
almost straight line is the result, indicating that the calcium of the
wood is, practically, a linear function of the calcium of the g0,

In a similar way the mean calcium content of the soil of each
physiographic province was plotted as abscissae against the Mmean
iron content of the wood as ordinates. The result is shown in figure
10. For iron values in the wood less than 5 parts per million and
calcium content of the soil greater than 0.35%,

the curve is expo i
. ne
and follows the equation® . ntial

Y = Ka*
where .+ is the amount of calcium in the soil, ¥ is the amount of iron
0.60% 4
T
o 0507+
[}
3 oaont
£ y B
g 0307+
= 02024
5 207,
© 01074
9
!
- —
. 1% 2%
Calcium in Soil

Fig. 9. Li i i
g Linear relation of the calcium in soil to the calcium in wood

in the wood

approaches thznlglas]goafntdhea;::erzon;tam& The constant, , closely
Q . s Ol n : e

dqes‘ not follow thjg equation for iron at]ural logarithms.  The i

million and calciy palues

66y, .
Rietz, H, 1 192
L ovletz, H L, 4.z
Mifflin Book Co., New Yor]t:”dbog'é of Mathematizq Statistics, p. 62 Hought
) » P. 62, F on
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SUMMARY op Expirimen

Distribution charts for the vario : . )
that the calcium in the wood var(i:: ggiilt?fri‘g;rﬁct]}izuvr?ges inflicate
soil and Fhat t‘here 15 an antagonism between the calci‘:,a cium in thg
and the iron in the wood. Those provinces having an; it
content in the soil have a low calcium and 2 high iron cm(::‘e,n?il,fl?}?;

wood and those having a high calcium in the so; i
5 . il h y 1
and a low iron content in the wood, ave a high calcium
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lron in wood

|} ] I
0.5% . % 1.5%
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Fig. 10. Exponential relation of the calcium in soil and iron in wood.

Correlations determined by Karl Pearson’s product-moment formula
show a high positive correlation between the calcium of the soil and
the calcium of the wood. They show no relation between the organic

matter or iron in the soil and the iron in the wood. There is a very
evident inverse correlation between the calcium in the soil and the
iron in the wood. This inverse correlation results in a corresponding

inverse correlation of the pyy of the soil and the iron of the wood.

The relation of the calcium of the wood and the calcium of the
soil is a linear one while the antagonistic relation of the iron of the
wood and the calcium of the soil is logarithmic, excepting, possibly,

those cases where the calcium content of the soil is less than 0.35%.
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CHAPTER VI

CONCLUSIONS

lem of soil and plant antagonisms is one that has claimed
th;r :tetell)'lrt(i)gn of many investigators. Man’s .depen.dence on the plant
orld makes important any knowledge dealing with the relation of
Wlants to any element of their environment. Our knowledge of
I(31imatic effects on the growth and development of plants has evolved
through centuries of observation. The effect of certam_sml condi-
tions is also evident to the most casual observer. Other .5011_ and plant
relationships can be brought to light only by the a:pphcgtlon of the
most caretul scientific tests. Yet all these relationships are im-
portant. This study was made with the hope that something might be
added to this important field of knowledge.

Soil samples were collected from the highly diversified physiographic
provinces of Tennessee. At the same time samples of oak wood
growing in the soil were collected. The py of the soil apd the per
cent of organic matter, iron, and calcium in it were determlqed. The
amount of calcium and of iron in the oak wood were likewise det.er-
mined. A study of the relationships existing leads to the following

conclusions:
(1) A very evident antagonism exists between the calcium in the
soil and the iron in the wood. Oak wood growing in soils having
a high calcium content has a low iron content and wood growing in
soils having a low calcium content has a high iron content.

Distribution charts showing the amount of calcium in the soil and
the iron in the wood make this relationship evident. As the calcium
of the soil increases, the iron in the wood tends to decrease. The
negative correlation between the calcium and iron is not a perfect
one, being from — .57 to — .88 for the various provinces.

This relationship may be expressed by an exponential curve
fitting the equation
Y =Ka°
where x is the amount of calcium in the soil, ¥ is the amount of
iron in the wood and K and a are constants.

(2) The amount of calcium in the oak wood varies directly
with the amount of calcium in the soil. The positive correlation is
high, being approximately .90. Pugsley and McKibhin®® have
found that the calcium in timothy and red clover hay varies directly
thh_the calcium in the soil. Brown®® has shown that the same
relation exists for apples. Reed and Haas® state that the calcium
“Pugsley and McKibbin, 0. ciz.

Brown, o0p. cit.

59
Reed, H. S., and R. C. Haas. 1923. FEffect of Sodium Chloride and Calcium

Chloride Upon the Growth and Composition of
17- 4 e
Exp. Sta., Technical Paper, No. 4. of Young Orange Trees. Calif. Agr.
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aries with the calcium in the soil and that there ;
s

ge trees V

evidence that, v '
te magnesiuim for the calcium.

This study leads to the conclus_ion that the caleium in oak tree
h the calcium 1n the soil. Furthermore, Whe:

varies directly with the .
the calcium of the soil is low the oak tends to substitute some iron

for the calciun.

(3) There is
of the soil and t

in oran

strong eVl
will substitd

a very clear negative correlation between the

he amount of iron in the oak wood growing in f}}{
soil. This correlation is not perfect, being from — .54 to — 8;
for the various provinces. This antagonism between py of th
soil and the iron in the wood is due to the antagonism betweee
soil calcium and wood iron since, as Mann® has shown, the .
of a soil is largely determined Dy its calcium content. PH

(4) No relationship exists between the amount of iron in the
soil and the amount of iron found in the wood. Even an ab-
normally high iron content in the soil is not reflected in the amount

of iron taken up by the wood.
(5) No relationship exists between the organic matter i
soil and the iron in the wood. Fl e

A possible explanation of the antagonistic relationship existin
between calcium in the soil and iron in the wood is to be found in th%
work of a number of investigators. Mann® has shown that for
py values above 4 the availability of iron in the soil decreases rapidl
with increase of calcium in the soil and the attendant increase of ’
Lemanc'zykez found that the absorption by roots consists of two haIs)eH .
absorption of molecules and absorption of ions with the formle)r r::
gontl}llnatmg. Absorption from solutions of electrolytes is inﬁuex?ced
c});ar ee dnz;(t)ure ofdt}]\)e electrolytes, by ratio of concentration of equally
on “g i ns, and by thg antagonistic action of ions. Magistad®® has

n that an antagonism exists between iron and calcium in b;
exihange in soil, iron tending to liberate the calcium =
o lrlnltzl?rvlvlgiv tlilreosre1 §tud}:es it is probable that high calcium in the soil
gt e axrrll t;: e wood due to decreased availability of iron
S B g]o_mst@ action in t}le a}bsorption of iron ions

"The questio » the calctum ions predominating in effect.

n m i
and subject to thea%\llt '::Srj.\!zteii wIljether the action is a reversible one
permit exchange of iron for 1n aw. If so, low soil calcium would
calcium in the wood and high soil calcium

“Mann, o :
, 0p. cit., p. 1
“Mann, ibid., p. I;ZSAZS‘

L3
Lemanczyk, K
- K. 1926. 3
of Plants.  Adcademic Pory Absorption of Potassium Salts by the Root Systems

L} ’w.
Magistad, 0. C 1se, Bulletin, 1926, B
ol Khsiuiae & - 1928. The Action of Al' m" in IFIOQ-“SS' Ferri
ganese in Ba uminum, Ferrous and Ferric Iron

Station, T, : se Exchange Reactj X
, Technical Bulletin, 18, Pp. 4:2?22‘;5. Arizona Agricultural Experiment

where the calcium in the soil is low, the P
ee.
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would drive the action in the opposite direction, thus increasing the
amount of calcium and decreasing the amount of iron in the wood
Individual divergencies in the iron in the wood from the generai
relationship between iron and calcium are probably due to the in-
fluence of other ions that may be present in the sample.

During the investigation of this problem a number of others have
arisen. It is hoped that future investigators in this field may find it
desirable to follow up one or more of them. Some of these problems

are:
(1) What is the percentage of calcium, phosphate, iron, and

magnesium in different kinds of wood growing in the same soil?
Microchemical methods already developed or in process of de-
velopment make possible exceedingly accurate determinations that
could be used in such a study.

(2) An antagonism exists between the calcium in soil and the
iron in oak wood. Does such an antagonism exist in other woods?

(3) What relationships, as yet undetermined, exist between other
soil components, as phosphate, magnesium, etc., and other con-

stituents of wood?

ACKNOWLEDGMENTS

Grateful acknowledgment is accorded here to the author’s major
professor, Dr. Hanor A. Webb of George Peabody College for
Teachers, through whose inspiration this study was begun and by
whose clear insight it was chiefly guided. Acknowledgment is also
efully accorded to Dr. A. L. Crabb of George Peabody College

grati
for Teachers for his helpful encouragement and potent inspiration.
Dr. R. K. Carleton of

College, the author is much indebted for many
he progress of the work.

Rhode Island State
helpful suggestions during t




	JTAS8-3-279

