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CHAPTER I

SOILS

The soil is the solid outer covering of the earth, which, by being

disintegrated into particles, and provided with organic matter and nitro-

gen, has become capable of sustaining the growth of cultivated plants.

The soils may be classified into two general classes, residual soils and

transported soils.. When the materials of the disintegrated rocks remain

in the place of disintegration, the soil formed is a residual soil. When

the disintegrated rocks are transported away from the place of disinte-

gration, the soils formed are transported soils.

The chemical composition and physical character of the soil are

closely related to the materials of its origin and its mode of formation.

Soil is composed mainly of mineral matter resulting from the breaking up

and decay of rocks. The three general classes of rocks from which soil

is made are: igneous rocks, aqueous rocks, and metamorphic rocks. The

igneous rocks are those that were formed through the agency of heat;

granite is an example. Aqueous rocks are those rocks that were formed

through chemical agencies and formed as sedimentary deposits, such as

limestones, sandstones, and shales. The metamorphic rocks are those

that were formed through the agencies of heat, water, and pressure.1

The agencies that aid in the breaking down of rocks into fine soil

materials are: heat and cold, frost, wind, ice, water, and gases.

1J. G. Mosier, Soils and Crops, p. 28.
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Besides the mere mechanical breaking up of the rock by agencies of

weathering, two other processes take part in the conversion of rock into

soil. First, a greater or less quantity of organic matter and combined

nitrogen are stored up in rocks. The process of soil formation began

with bare rock. As the weathering of the rocks continued, bacteria began

to appear. These bacteria had the power of taking up carbon dioxide and

nitrogen from the air and changing them into organic matter and combined

nitrogen, thus leaving the soil richer when they died. Then the lower

forms of plants began to appear, such as the mosses and lichens. The

mosses and lichens were able to take up carbon dioxide and nitrogen from

the air and change it to organic matter and combined nitrogen. These

died, leaving the beginning of a rich soil. By this process the soil

became richer and the variety of plants increased. Thus the process of

soil formation has been going on from century to century, the lower

plants being sueeeded by the larger and more highly organized plants,

the rock particles being made finer by weathering and enriched by the

decay of the plants.

The second change in the disintegration of rock to soil is due to

the fact that plant food became more easily taken up by plants than it

was in the original rock. This was due to the chemical change and to the

action of the organic matter that had been added to the aoil. The great-

est factor in making the plant food more easily taken up by plants was

the working over of the plant food by the past generations of plants.

The process of soil formation has been going on for ages and ages.

The rocks are disintegrated into soil; the soil is carried by rivers into

lakes and seas and deposited as sediments. These sediments in the course
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of time and under the influence of pressure are consolidated into what is

known as sedimentary rocks. They are again raised tby igneous agencies

into land, and again disintegrated into soils, and redeposited by the

rivers as sediments. Thus the soil is the same material worked over many

2times in an ever-recurring cycle.

The soils of Erath County are derived from two stratified rocks that

were laid down during the Champlainian time., The principal rocks laid

down during this period were the limestone and the sandstone. The lime-

stone gave rise to the Denton clays, and the sandstone gave rise to the

Windthorst soils. The Denton sand is derived from both sandstone and

limestone. The soils to be analyzed in this work are the Windthorst

fine sandy loam, the Denton fihe sandy loam, and the Denton clays.

2Joseph Le Conte, Elements of Geology, p. 180.

3L. V. Pirsson and Charles Schuchert, A Text-Book of Geolo, p. 229.



CHAPTER II

THE SOILS OF ERATH COUNTY

Erath County is situated slightly north of the center of Texas and

about seventy miles southwest of Fort Worth. The county line is formed

by eight tangents inclosing an irregular area about forty miles long- by

thirty miles wide. The county has an area of one thousand eighty-three

square miles, or six hundred ninety-three thousand one hundred twenty

acres.

Erath County lies in the prairie region of the United States and

not far from the boundary between the prairies and the plains. The soils

of the prairie region when mature are characterized by the features usu-

ally found in humid soils. On account of the heavy rainfall to which

they have been subjected, the readily soluble mineral compounds have been

leached out of them; their carbonates have disappeared throughout the

full thickness of the zone of complete weathering. The finer grained

soil material has been removed from the upper part of the soil and

carried either into the lower part or eliminated from the soil section

entirely, producing a surface of lighter texture than the nature of the

parent rock would lead one to expect, and a subsoil usually heavier than

would be expected from the study of the parent rock alone.

The rocks of the county comprise four principal strata of
fairly uniform thickness and southeasterly dip. The first or
upper stratum is calcareous and has three subdivisions: (1) A
hard, grayish, chalky limestone (probably the Edwards limestone);
(2) a grayish, highly fossiliferous limestone or "shell-beds",
which is weathered in places into gravelly fragments (probably
Comanche Peak limestone); and (5) limy, variegated clays (the

4



5

Walnut clays). The second main stratum (Paluxy sands) consists
of noncalcareous, soft, grayish or brownish limestone with a few
very thin seams of limestone. The third main stratum (Glen Rose
formation) consists of alternating beds of hard gray limestones,
liy clays and marls. Sometimes variegated, limy clays are found
at the base of this formation. The fourth main stratum consists
chiefly of hard, brown or red sandstone with some pebbly conglom-
erate and shale, and is noncalcareous.1

The rocks in the first or upper group and those in the third are

those from which the Denton and San Saba soils have been developed. The

second and the fourth groups are those from which the Windthorst soils

have originated.

On the basis of color, origin, and structural characteristics, the

soils are grouped in series; and these series are divided into types on

the basis of differences in texture of the surface soils.

On the basis of differences in the mode of accumulation of the soil

material, the soils are grouped as residual and alluvial, the alluvial

group being divided into terrace or old-alluvial soils, and first-bottom

or recent-alluvial soils.

The residual soils are those divided mainly through the weathering

in place of the formations already described; in the case of some sandy

soils the surface has been reworked to some extent and transported by

wind. The residual soils occupy by far the greater part of the county.

They are classed in the Windthorst, Nimrod, Denton, Erath, San Saba, and

Brackett series.

The alluvial soils are divided from materials transported by storms

and deposited during periods of overflow. The terrace soils are developed

on the benches or second bottoms (old flood plains), and are classed in

the Lewisville and Bastrop series. The first-bottom soils consist of the

1T. M. Bushnell and D. B. Pratapas, Soil Survey of Erath County,
p. 383.
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recent-alluvial material of the present flood plains, and are classed in

the Frio and Trinity series.

Table 1 shows the scheme of classification of the soils of Erath

County.

TABLE 1

SCHEME OF CLASSIFICATION OF THE SOILS OF ERATH COUNTY, TEXAS

Origin Lime Content Soil Suboil Series V.egetation

Noncalcareous
(does not ef-
fervesce with<
HCI).

Residual. Calcareous...

Recent
alluvium.

Old high
terraces.
Concrete'
sub-
stratum,

Calcareous..

Calcareous..

Upper part
noncalcar-
eous.

Red, mottled
with yellow
and gray.
Stiff clay.

.Red, friable,
lighter with
depth.

Yellow, or
mottled yel-
low and gray,
or yellow,
red and gray,
and rather
stiff.

Light brown,
yellowish, or
grayish browr

Heavy clays oI
variegated
color.

Dark gray,
brown, and
yellow.

Light gray
and yellow.

Brown......
Brown and

gray.. 
Light brown,
yellowish
brown.

Stiff red
clay, mot-
tIed with
yellow.

Windthorst

Windthorst
(friable
subsoil
phase).

Nimrod....

Denton...

ERATH....

San Saba..
Brackett..

Frio......
Trinity...

Lewisville

Bastrop...

Post oak
and
black-
jack oak.

Blackjack
oak and
post oak.

Prairie,
live oak,
and mes-
quite.

Pecan, elm,

cottonwood,
hackberry,
and oaks.

Post oak,
blackjack
oak, and
lowland
trees.

Post oak
and
blackjack
oak.

2Ibi., p. 584.

Residual
(partly
eolian).

Brown....

Grayish
brown.

Brown to
dark
brown,

Brown to
light
brown.

Black...

Light
grayish
brown..

Brown...
Black...

Brown...

Brown or
reddish
brown.

{
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The soils of Erath County are derived from the four principal geo-

logical strata exposed in the county. There are two limestone and two

sandstone formations, which give rise to calcareous heavy voils and non-

calcareous sandy soils respectively. The soils that are derived entirely

or to a large extent from the noncalcareous sandstone are correlated in

the Windthorst and Nimrod series. Those derived entirely or to a large

extent from the calcareous limestone are correlated in the Denton, Erath,

San Saba, and Brackett series. The recent alluvial soils along the

streams are correlated in the Frio and Trinity series. The old high

terrace alluvial soils are correlated in the Lewisville and Bastrop

series.

Table 2 on page 8 shows the actual and relative extent of the

various soils in Erath County as mapped by T. M. Bushnell of the Texas

Agriculture Experiment Station and D. B. Pratapas of the United States

Department of Agriculture.5 It will be noted that the most important

and most extensive residual soils in the county are the indthorst

fine sandy loam, the Denton clays, and the Denton fine sandy loam.

In this work the Windthorst fine sandy loam will be referred to as

the Windthorst sand; the Denton fine sandy loam will be referred to as

the Denton sand; and the Denton clays will be referred to as the Denton

clay.

The rocks of Erath County are of two sedimentary rocks--limestone

and sandstone. The limestones are mostly carbonate of lime, and belong

to the calcareous group. These rocks are made up of the more fragmental

remains of mollusks, corals, and other marine and freshwater animals.

3Ibid., p. 386.
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Limestone is a sedimentary rock of organic origin. ost of the limestone

was laid down during the Champlainian time. Sandstones are mainly silica

and belong to the arenaceous group. These rocks are comprised mainly of

siliceous materials derived from the disintegration of older crystalline

rocks. Sandstones are mechanically formed sedimentary rock. All of the

sedimentary materials are derived from igneous rocks (chiefly granite).

TABLE 2

AREAS OF DIFFERENT SOILS

Soils Acres, Per cent

Windthorst fine sandy loam
Shallow surface phase

. . 9 . 9

. 9 . 9 .9

Shallow phase . . . -
Colluvial phase . . . .
Friable-subsoil phase .

Denton stony clay. . . . .
Rough phase . . . . . .

Denton clay.....* ....
Shallow phase . . . . . .

Frio fine sandy loam. . . ..
Colluvial phase . . .

Denton fine sandy loam . .
Denton clay loam . . . . ..
Denton loam. . . . . . . .
Brackett gravelly loam . .
Windthorst stony fine sandy -loam
Frio loam. .------....
Rough stony land . . . . . . .

San Saba . . . . . . . . .
Nimrod fine sand . . . .
Frio very fine sandy loam.
Erath clay . . . . . . .
Windthorst clay loam . . .. . .
Bastrop fine sandy loam. . . . .
Frio silty loam, colluvial phase
Brackett clay loam I . . .

Total

9 . -9

. . .9

. . .9

* . .

. . .9

. 9 .9

* 9 .. .".S

. 9 .9

... .9

. .* .S

" S .S

S .S .S

172,676
25,040
4,480
4,352

832
56,704
72,448
19,156
66,240
51,040
8,512
35,520
35,070
26,752
21,588
18,816
14,464
13,504
9,664
9,544
8,256
6,784
5,376
4,672
4,352

92,,176
695 ,120

acres

1*
1
1.
I.

.9

. . . . . . . 29.5%

. . . .

9

a

.a

.a

.a

.a

.a

.a

a

9

9

.S

.S

I-

**18.7%

. . 12.4%

. . 5.7%

. . 5.1%

. . 5.1%

. . 3.9%

. . 3.1%

. . 2.7%
2.1%

. . 1.9%
* * 1.4%
..1.3,

1.2%

. . 0.8%
. . .7%

. 6%

.00.3%
100.0%

.e
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Figure 1. Soil hap of Erath County, Texas
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CHAPTER III

COLLECTION AND DESCRIPTION OF SAMPLES

Laborsaory jple. No. I. Windthorst sand.--Samples of this soil

were taken because it is the most extensively occurring soil in rath

County, and it is the most typical and most valuable soil of the Wind-

thorst series. This soil is widely distributed over the county. Most

of it is in large, continuous areas extending almost the length of the

county, although there are some small isolated areas. The topography

ranges from nearly flat and gentle undulating or sloping to rather steep-

ly sloping and gullied. The sample selected was taken about eight miles

north of Stephenville, and two miles west of the Thurber road. I select-

ed an area here which seemed to be very typical of the Windthorst soils.

I judged this area to be as nearly virgin as could be found in Erath

County. Very little erosion had taken place in this area since the land

is gently undulating and covered with vegetation.

"In a virgin condition the Windthorst fine sandy loam consists of

brown to grayish brown loamy fine sand to fine sandy loam. This soil is

noncalcareous. 1

Laboratory Qple No. II. Denton clay.-The Denton clay is the

prevailing soil in the south and southwest, and east and southeast sec-

tions of the county. The Denton clay consists predominantly of brorn to

dark brown clay underlain by grayish or yellowish brown, friable, cal-

careous clay resting on marl or limestones at depths varying from six to

lBushnell and Pratapas, p2- gjit.., p. 387.

10
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thirty inches deep.

Two samples of the Denton clay were taken. The first sample was

taken near Rocky Point School about six miles southeast of Stephenville.

I selected this area to be as nearly virgin as could be found in the coun-

ty, because the land was covered with vegetation, and there had been very

little erosion.

The second sample was taken near the Three Circle Ranch about three

or four miles south of Bluff Dale. The surface soil in the area sampled

extended downward about ten inches where grayish or yellowish brown,

friable, calcareous clay was found. The soil was taken with the soil

auger in the usual way to a depth of ten inches. I selected this area as

being as nearly virgin as could be found. Very little erosion had taken

place because the sample was taken from a gentle slope that was covered

with vegetation.

Laborat2ry sample No. III. Denton sand.--The Denton sand consists

of brown to dark brown, friable, fine sandy loam, six or eight inches

deep, underlain by brown or yellowish brown friable clay loam. The sur-

face materials, especially the sandy part, are derived in part from the

Paluxy sands materials, which give rise to the adjoining Windthorst soils

and which probably formerly covered the areas of Denton soils. The sub-

soil is derived from the Glen Rose formation.

The Denton sand occurs in many areas scattered through the central

and southern part of the county. It is characteristically developed

along the line of contact between the Palcuxy sands and the Glen Rose

formation.

The sample was taken near the Raborn Hill School, about three miles
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northwest of Stephenville on the Lingerville road. I judged this area

to be as nearly virgin as could be found, because it was gently rolling

prairie covered with vegetation. The soil was taken with the soil auger

in the usual way to a depth of about ten inches.



CHAPTER IV

CHEMICAL ANALYSIS

Preparation of samples for analysis.--The soil samples previously

described were collected while I was teaching school at Huckabay, Erath

County, Texas. The soil samples were air-dried at my home where there

was no chance for them to come in contact with any chemical or laboratory

fumes. The samples were spread out on sheets of brown paper and covered

with another sheet to keep any dust particles or other foreign substance

from getting into the samples. The samples were allowed to dry for fif-

teen days. After this the samples were taken separately and ground into

a powder or very fine particles. Rocks of appreciable size were removed

by hand and later by screening. After the samples were ground to a fine

state they were passed through a sieve of one millimeter opening. Rocks

and roots were removed by this method as well as by hand. The soil

samples were sifted on sheets of brown paper. The samples in each case

were resifted three times and caught on a clean piece of paper. Then

each soil was thoroughly mixed by pulling up the corners of the paper and

rolling it from corner to corner, mixing with a spoon and then rolling

again. This was to insure complete mixing of the coarse and fine par-

ticles since they might possibly be of different composition.

The soils were in a fine pulverized state after sifting and resift-

ing, and seemed to be perfectly air-dried. Each sample was put in a

quart jar, sealed, properly labelled, and stored for future chemical

analysis. The soils prepared were the Windthorst sand surface soil,

13
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Denton clay surface soil, and Denton sand surface soil.

Determination of moisture at 1000. 1 -A-sample of two grams of each

soil was taken, placed in a wide mouth weighing bottle, and heated at

one hundred degrees to constant weight. The electric oven was not in

working order, so the waterbath was used to dry the samples. In order

to get the correct temperature, it was necessary to use something to

raise the boiling point of water. Sodium chloride was used for this

purpose. After the water was saturated with sodium chloride it was easy

to regulate the temperature, so that the samples were kept at one hundred

degrees. The loss in weight was calculated as percentage of moisture in

the samples. The results were: Windthorst sand, ninety-two hundredths

per cent; Denton sand, three and nine tenths; and Denton clay, seven and

eighty-five hundredths.

"Water is present in soils as water of hydration, hygroscopic water,

capillary water, and flowing water."

In this determination we are interested only in the hygroscopic

water. Hygroscopic water is the water that is held mechanically in the

soil and is not removed by air drying.

It will be noted from the preceding determination that the Wind-

thorst sand contains a very small amount of hygroscopic water, the Denton

sand contains a rather high per cent, and the Denton clay contains a very

high per cent.

1A. 0. A. C., Official and Tentative Methods of Analysis, p. 1.

2Fraps, Principles of Agricultural Chemistry, p. 127.

58nyder, SoLs and Fertilizers, p. 52.
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The hygroscopic water of the soils is of little value to the plants,

since they are unable to utilize it. Experiments show that plants wilt

before the moisture of the soil is withdrawn to the amount held by hygro-

scopic power.

It appears that hygroscopic water may be of advantage in re-

gions of hot, dry winds; the higher the hygroscopic water, the
less rapidly the soil dries out and heats up. It also appears
that heavy fogs may add to the hygroscopic water of the soil, and
keep the plant growing slowly when rainfall is lacking.4

Loss on ignition.-The samples that were used in the determination

of moisture at one hundred degrees were heated to full redness in por-

celain crucibles until all organic matter was destroyed. 5 Since appre-

ciable amounts of carbonates were destroyed, the samples were cooled.,

moistened with a few drops of a staurated ammonium carbonate solution,

dried and heated to a dull redness for thirty minutes to expel all the

ammonium salts. The samples were then cooled, weighed, and the loss in

weight was calculated as percentage of organic matter in the moisture-

free samples. The results were: WindthQrst sand, two and twenty-six

hundredths per cent; Denton sand, six and thirty-one hundredths; Denton

clay, ten and seventeen hundredths.

The content of organic matter varies widely in different soils.

Ordinary upland soils have from two to five per cent organic matter.

The amount of organic matter depends very largely upon the type of vege-

tation that covers the soil. The prairie soils, whose organic matter is

derived mainly from the roots of grasses, usually contain a large quan-

tity. Where trees have grown on the land the per cent of organic matter

4Fraps, 2. cit., pp. 128-129.

5A. 0. A. C., p. ct., p. 1.
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is comparatively low. The leaves and twigs do not mix with the soil

and this explains to some extent the results of the preceding determina-

tion of organic matter.

The low per cent of organic matter that was .found in the Windthorst

sand would be expected, since it is a sandy soil and was sampled in a

sparsely timbered section. A higher per cent would be expected in the

Denton sand, because the sample was taken from a section covered with

grass. The highest per cent would be predicted to occur in the Denton

clay, since it is a clay and was sampled in a section covered with vege-

tation. Probably part of the high per cent of organic matter in the

Denton clay was due to water of hydration.

Water of hydration is tater in chemical combination with cer-
tain soil constituents, such as hydrated silicates (zeolites) and
hydrated oxide of iron. Most of it is retained when the soil is
dried at one hundred degrees and is driven off on heating the
soil to higher temperatures.f

Carbonate carbon determination.--This determination necessitates the

use of a duplicate shaking apparatus so that all the gaseous carbon di-

oxide might be evolved and collected. The apparatus used in this deter-

mination consists of a horizontal holder approximately fourteen inches

long, seven-eighths of an inch thick, and one and three-fourths inches

wide, having two properly spaced slots made to fit loosely the neck of a

three hundred milliliter Erlenmeyer flask. This holder was suspended

horizontally from a bar by means of brass strips two inches wide and

approximately twenty-four inches long. A three hundred milliliter

Erlenmeyer flask was placed in each slot and fitted with a three-hole

6Mosier, _ p. c it., p. 48.

7Fraps, o2. cit. p. 127.
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rubber stopper carrying a dropping funnel and two glass tubes. One tube

connected the evolution flask to a flask half filled with concentrated

sodium hydroxide solution, and the other tube connected the evolution

flask to an absorption tower. Air was made to pass through the sodium

hydroxide solution before being carried into the evolution flask; this

was to purify it of atmospheric carbon dioxide.8

The horizontal holder was connected to an eccentric wheel, about

two inches in diameter, by means of a pitman rod. The pitman rod was

made of wood of three-fourths inch thickness and about sixteen inches

long. It was connected to one end of the horizontal holder with a wooden

pin which permitted free rotation. The eccentric wheel was connected by

means of a short steel axle to an electric motor which had an adjustment

so that the motion of the horizontal holder could be regulated at will.

The outlet for the evolution flask passed through a safety bulb,

and then to the bottom of the absorption tower, which was approximately

twenty-five inches in height and three fourths inch in diameter. The

absorption tower was filled with glass beads resting upon an inverted

test tube two inches long. The top of the absorption tower was con-

nected with the suction flask.

Samples of each soil, prepared as previously described, were weighed,

twenty-five grams of Windthorst sand, twenty-five grams of Denton sand,

and twenty-five grams of Denton clay being taken.

A sample was introduced into the evolution flask and the entire

apparatus was aspirated five minutes to free the apparatus of atmospheric

carbon dioxide. Then twenty-five milliliters of approximately five

8A. 0. A. C., o. it., p. 2.
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tenths normal sodium hydroxide solution were introduced into the absorp-

tion tower. A suction of five inches was applied, and six milliliters

of hydrochloric acid (1 + 9) containing five per cent stannous chloride

were introduced upon the soil in the Erlenmeyer flask. Suction was ap-

plied and the intake air was regulated by means of a Hoffman clamp placed

just beyond the absorption tower. Agitation and aspiration were con-

tinued for one hour at the rate of three or four bubbles per second. The

suction was then released, the sodium hydroxide solution drawn off, and

the tower thoroughly rinsed with carbon dioxide-free water. Then ten

milliliters of neutral aqueous solution of barium chloride (250 grams of

barium chloride per liter) were added, the solution made up to five hun-

dred milliliters and allowed to stand over night. The next morning an

aliquot part was titrated for excess of alkali. The author followed the

method used by Mr. Curtis Wilson in standardizing the absorbent solution.

A fairly pure solution of sodium hydroxide was used for the
absorbing solution, although it contained small amounts of carbo-
nates. A volume equal to that used in the absorbing towers was
pipetted into a five hundred milliliter flask, water was added to
make up to volume, treated with ten milliliters of neutral aqueous
solution of barium chloride, and allowed to stand over eight.
Then the excess of carbonates in both the absorbent and standard
solutions was titrated with standard hydrochloric acid. From the
difference in the original sodium hydroxide solution and the ab-
sorbent solution, the amount of carbon dioxide was calculated.9

The standard solution was titrated each time with the absorbent

solution. This prevented slight changes in the concentration of free

sodium hydroxide solution from vitiating the results. Duplicates were

run on each sample.

The percentage of carbonate carbon or carbon dioxide was calculated

9 Chemical Analis of the Soils of Denton County, p. 11.
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and found to be three and twenty-three hundredths per cent for the Den-

ton clay, two and forty-three hundredths for the Denton sand, and the

Windthorst sand showed no detectable amount. The limit of precision in

this determ nation as computed from variations in the analysis is about

two parts per thousand.

From the study of the origin and geology of the three soils, the

results obtained in the preceding determination of carbon dioxide would

be predicted. The indthorst sand shows no detectable amount of carbon

dioxide, which would be expected, since it is derived from a noncalcareous

sedimentary rock. Denton sand would be expected to have a higher per-

centage of carbon dioxide because it is derived partly from calcareous'

rocks and partly from noncalcareous rocks. The high percentage of carbon

dioxide in the Denton clay agrees rith the fact that it is derived from

calcareous rocks.

Organic carbon.--The determination of organic carbon necessitated a

modification in the apparatus used for the determination of carbonate

carbon because heat must be applied even in the presence of a strong

oxidizing agent. The heating, of course, produces acid fumes, which must

be prevented from entering the absorption towers. To trap these fumes

the author used the traps that were constructed by Mr. Curtis Wilson.

To trap the acid fumes a short spiral water condenser was first

inserted between the evolution flask and the absorption tower at a higher

level so that the water vapor condensed could return to the evolution

flask. Following the water condenser was a series of three traps--two

of concentrated sulfuric acid and chronic acid mixed, and one of pure
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concentrated sulfuric acid.10  The purpose of these traps was to catch

the fumes which might come over, and at the same time to oxidize any car-

bon monoxide, hydrocarbons, or other gases that might come over. The

oxidizing solution used in the flasks was fifty milliliters of sulfuric

acid and ten grais of potassium dichromate. The evolved gas, after being

carried through these traps, was passed through the absorption tower as

usual. The absorbing solution was drawn off and the organic carbon was

determined as described under "Carbonate carbon determination."

Smaller samples were used in this analysis than in the determination

of carbonate carbon: three grams of indthorst sand, one gram of Denton

sand, and one gram of Denton clay. This analysis gave the total carbon

as carbon dioxide. Here the organic carbon was multiplied by the

Van Bemmelen factor of four hundred seventy-one thousandths to give the

percentage of organic carbon present.11 This factor is used by the

Bureau of Chemistry, Department of Agriculture, in the calculation of

organic matter in the soils. It is generally recognized that this factor

does not take care of all the cases, but it is supposed to represent

quite satisfactorily the rmean ratio of carbon dioxide to organic matter

in the soils.

The percentage of organic carbon was calculated to be two and three

one hundredths per cent for the Windthorst sand, three and nineteen hun-

dredths for the Denton sand, and four and fifty-three hundredths for the

Denton clay. The precision in this determination is about the same as

10ITbid.,p. 14.

111.0. Robinson, Methods and Procedure of Soil Analysis. Used in
the Division of Soil Chemistry and Physics, U. S. Department of Agricul-
ture, Circular No. 139.
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in the determination of carbonate carbon.

The organic portion of the soil generally goes by the name of

"humus", and this humus is usually found to contain fifty-eight per cent

of carbon.1 2 If we are able to estimate the amount of carbon present in

the soil, we can calculate the quantity of organic matter. Now if the

per cent of organic matter that was found in the preceding analysis be

subtracted from the per cent found by the loss on ignition, we get the

percentage of combined water in the soil.

The results of the preceding analysis when compared with the loss on

ignition give some interesting facts. In the Windthorst sand the loss on

ignition closely approximates the determination of organic carbon. In

the Denton sand and Denton clay the organic matter as determined by the

loss on ignition is about two and five tenths times the amount of organic

matter found in the determination of organic carbon. These facts show

the approximate amount of combined water found in the different soils.

Differences in organic matter in the three soils can probably be

explained best by a study of the origin of the soils and a study of the

vegetation found in each area sampled. The Denton clay and the Denton

sand would be expected to contain a higher per cent of organic matter than

the Windthorst sand because of the abundance of prairie grass roots in

comparison to the scanty supply found in the sparsely timbered noncalca-

reous Windthorst sand. The difference in the organic matter in the Den-

ton clay and tie Denton sand is probably due to the origin of the Denton

sand. Its being derived partially from noncalcareous sandstone would

make it lower in carbon dioxide content.

12F. T. Addyman, Agricultural Analysis, p. 167.



22

Total nitrogen.--In this determination the Kjeldahl method was used.

A sample of twenty times the factor weight of nitrogen was weighed out,

and placed in a Kjeldahl digestion flask. Thirty milliliters of sulfuric

acid containing one gram of salicylic acid were added, and the mixture

allowed to stand for thirty minutes with frequent shaking. Five grams

of crystallized sodium thiosulfate were added, and the solution was

heated over a low flame until all danger of frothing had passed. The

heating was intensified until the acid boiled briskly and the boiling

continued until white fumes no longer escaped from the flask. Seven

tenths of a gram of mercuric oxide were added, and the boiling continued

until the liquid in the flask was colorless, or nearly so. The solution

was cooled and diluted with two hundred milliliters of water. A few

pieces of granulated zinc were placed in the flask to prevent bumping.

Sufficient sodium hydroxide solution (sp. gr. 1.43) was added to make

the reaction strongly alkaline. The solution was poured down the side

of the flask so as to prevent the base from mixing with the acid solution.

The flask was connected through a Kjeldahl connecting trap to a condenser,

care being taken that the tip of the condenser extended below the surface

of the standard acid in the receiver. The contents were then mixed by

shaking, and about one hundred and fifty milliliters of liquid distilled

into a measured quantity of standard acid solution. The excess acid was

titrated by a standard ammonium hydroxide solution. Methyl red was used

as indicator. Duplicate samples were run on each soil.

The percentage of nitrogen was calculated and found to be six hun-

dredths per cent for the Windthorst sand, seventy-two thousandths for

1OA. 0. A. C., pA. ct., p. 5.
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the Denton sand, and one hundred fifty-three thousandths for the Denton

clay.

Samples of twenty times the factor weight of nitrogen were taken

for the analysis of nitrogen so that the amount of nitrogen would be

sufficient to lend to the accuracy of the determination.

The per cent of nitrogen in the soil is approximately one twentieth

of the organic matter in the soil. 1 4 The assumption is made that the

carbon content of organic matter is constant and that the ratio between

the carbon and nitrogen is also more or less constant. Since the ratio

between carbon and nitrogen does vary this is only a crude approximation

and is of ver; limited value. Since the amount of nitrogen is of such

importance in crop production, the results of the preceding analysis

indicate a fertility ranking of the soils which coincides with the rank-

ing in percentage of organic matter and carbonate content.

The nitrogen content of the soils is largely determined by the aero-

bic condition of the soils, and the alkalinity of the soil. Cultivated

soils usually have a higher percentage of nitrogen, because cultivated

soils are exposed more to the air than virgin soil. Countless experiments

have proved beyond question that the legume family--such as clovers,

alfalfa, lespedza, cow peas, soy beans, and many others--form a connecting

link between the free nitrogen-fixing bacteria and the soil. In other

words, the nitrogen passes out of the air into these chemical laborato-

ries, and then into the soil with the humus in which it makes its home.

9rgnic and amroniacal nitrogen.--A sample of soil twenty times the

14S. A. Waksmar, Humus, p. 404.

15 H. W. 'iley, op. cit., pp. 519-532.
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factor weight of nitrogen was weighed out and placed in a Kjeldahl

digesting flask. Approximately seven hundredths grams of mercuric oxide,

and twenty-five milliliters of sulfuric acid were added to the sample.

The flask was placed in an inclined position and heated below the boiling

point until frothing had ceased. The heat was then increased until the

acid boiled briskly and digested for a time after the mixture was eolor-

less or nearly so, or until oxidation was complete.16

After cooling, the acid was diluted with about two hundred milli-

liters of water, and a few pieces of granulated zinc were added to pre-

vent bumping. Twenty-five milliliters of normal sodium sulfide solution

were added, and then sufficient sodium hydroxide solution to make the re-

action strongly basic. The solution of sodium hydroxide was poured down

the side of the flask so that it did not mix at once ;ith the acid solu-

tion. The procedure from this point is the same as in the determination

of total nitrogen. Duplicate tests were run on each sample.

From the results of the preceding analysis it was found that the

Windthorst sand contained forty-five thousandths per cent of ammoniacal

and organic nitrogen; Denton sand, thirty-nine thousandths; and the

Denton clay, ninety-one thousandths.

Nitrate nitrogen.-A sample of one hundred grams of soil, air-dried

and prepared as described under "Preparation of samples" was weighed in

a six hundred milliliter beaker, and five hundred milliliters of water

were added and agitated for five minutes. Two grams of precipitated

calcium carbonate were added and agitated thoroughly, and alloyed to

stand twenty minutes, so as to obtain a clear filtrate. The solution was

16A. 0. A. C., _. cit., p. 5.
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filtered through a high grade of quantitative filter paper with a slight

suction applied. The filtrate when treated with a one molar silver ni-

trate solution gave no visible precipitate, so the phenoldisulfonic acid

method of determination of nitrate nitrogen was chosen.17

A volume of ten milliliters of the filtrate was evaporated to dry-

ness in a porcelain dish on a steam bath; when cool, the residue was

treated with two milliliters of te phenoldisulfonic acid solution

(1 ml. = 0.01 mg. of nitrogen). This is prepared as follows: Dissolve

six hundred seven thousandths gram of pure sodium nitrate in one liter

of nitrate-free water. Evaporate fifty milliliters of the solution to

dryness in a porcelain dish; when cool, treat with two milliliters of

the phenoldisulfonic acid solution, rubbing with a glass rod to insure

intimate contact, and dilute to five hundred milliliters. Standards

are prepared for a comparison by adding ammonium hydroxide to measured

volumes of the standard solution in one hundred milliliter Nessler tubes.

The soil solution above was diluted with water and .ammonium hydroxide

was added until maximum color was developed. The solution was trans-

ferred to a one hundred milliliter Nessler tube and made to volume as in

the standard solution preparation described above. The amount of nitro-

gen as nitrates was determined by comparison with the standards. This

test was run in duplicate for each sample of soil.

Determination of silicon, iron, aluminum, s and titanium.

Three grams of soil, ground to a powder, were mixed thoroughly with fif-

teen grams of sodium carbonate, and transferred carefully to a platinum

crucible. The crucible was covered and heated at low redness until

7A. 0. A. C., oj. !L. p. 506.
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fusion began, and the heat was increased until a clear, quiet fusion

resulted; finally the full heat of a Meker burner was applied for twenty

minutes. The crucible was removed and carefully placed in cold water to

cool, and then in a wide four hundred milliliter beaker. The crucible

was covered with water, and fifty milliliters of hydrochloric acid were

added to the contents of the beaker. The beaker was then covered and

kept on a water bath until the fused mass had disintegrated. The cruci-

ble was thoroughly washed and removed, and the contents of the beaker

evaporated to dryness on a water bath.18

The residue from the sodium carbonate fusion was taken up with

ydrochloric acid (1 + 9) and filtered. This residue was washed with

hot water containing five milliliters of hydrochloric acid per liter.

The filtrate and washings were collected in an evaporating dish, and

dehydrated on a steam bath until the silica assumed a crystalline appear-

ance. The residue was again moistened with hydrochloric acid and dehy-

dration ras repeated for two hours. Then the residue was heated at one

hundred twenty-five degrees for an hour or more to effect the complete

breaking down of the silicic acid. The last step was found necessary for

a reasonably quick determination of silica, and is suggested by 1.T.

Scott.19 Five milliliters of hydrochloric acid and one hundred milliliters

of hot water were added to the residue; the mixture was then stirred tho-

roughly, filtered, and washed. This residue was added to the main portion

of silica obtained from the main filtration. The combined filtrate and

washings were made up to five hundred milliliters and saved for subsequent

18A. 0. A. C., * cit., p. 5.

1 9Standard Methods of Chemical Analysis, p. 67.
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determinations. The two residues of silica with filter paper were

placed in platinum crucibles and ignited until all of the paper was

destroyed, and then heated with a strong flame to constant weight. The

weight of residue was obtained and then it was treated with hydrofluoric

acid until all of the silica was destroyed. The residue from this treat-

ment was weighed and the loss reported as true silica. The residue was

fused with potassium bisulfate and added to the filtrate above. An ali-

quot portion of one hundred milliliters of the filtrate from the silica

determination was taken, and to this ammonium hydroxide (1 + 1) was added

dropwise until the precipitate formed required several seconds to dissolve,

thus leaving the solution faintly acid. Two milliliters of nitric acid

were added, heated nearly to the boiling point, and sufficient ammonium

hydroxide (1 + 1) was added to precipitate all of the iron, aluminum, etc.

This mixture was allowed to boil in a covered beaker for about one minute;

again ammonium hydroxide was added dropwise until it could be detected by

the odor. Then the precipitate was poured immediately upon the filter,

and washed with a hot two and five tenths per cent solution of ammonium

nitrate. The precipitate was dissolved vith five milliliters of concen-

trated hydrochloric acid, fifty milliliters of water added, and the mix-

ture heated. The hydroxides were reprecipitated with ammonium hydroxide

(1 + 1) and two milliliters of nitric acid as directed above, filtered,

and washed with two and five tenths per cent solution of ammonium nitrate

until free from chlorides. The filtrate and washings from both precipi-

tations were reserved for the determination of calcium.

The precipitate was dried, and carefully ignited, and then heated

to redness until all the carbon had been oxidized. The residue was
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weighed as ferric oxide, aluminum oxide, titanium oxide, and phosphorus

pentoxide combined.

An aliquot portion of one hundred milliliters of the filtrate from

the silica determination was evaporated with ten milliliters of sulfuric

acid until all hydrochloric acid was expelled. The solution was diluted,

reduced with zinc in the Jones reductor and titrated with standard potas-

sium permanganate solution. The percentage of ferric oxide was calculated

and found to be one and five tenths per cent for the Windthorst sand,

three and thirty-five hundredths for the Denton sand, and five and ninety-

six hundredths for the Denton clay.

The percentages of the oxides of manganese and phosphorus were

determined, the procedure for which determination follows in separate

discussions, and subtracted from the total weight of oxides. The remain-

der was reported as the combined oxides of aluminum and titanium.

The percentage of silica as determined by the foregoing analysis

was ninety-two and fifty--six hundredths per cent for the indthorst sand,

eighty and thirty-three hundredths for the Denton sand, and sixty-one and

eighty hundredths for the Denton clay. The results concur with the origin

of the soils. The sandy soils are expected to have a high percentage of

silica since they are derived mainly from sandstones, which contain from

seventy to ninety-five per cent silica.

The oxides of aluminum and titanium were determined together by the

method of the Association of Official Agricultural Chemists ,20 and as pre-

viously described. The percentage of titanium is usually very small, and

20'Q. POp. 6.
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need not be determined separately.21 It will be noted that the Denton

clay has a much higher percentage of aluminum and titanium than the sandy

soils. This is to be expected because aluminum is one of the chief com-

ponents of clay. 2

The result of the preceding determination of ferric oxide in the

three soils is in harmony with the facts that are known about the chemi-

cal nature of each soil. The high percentage of ferric oxide found in

the Denton clay is due to the high percentage of clay. Clays in general

contain a rather high percentage of ferric compounds. 2 3

Calcium determination. 24 -- The combined filtrates and washings from

the determination of the oxides of iron, aluminum, manganese, phosphorus,

and titanium were concentrated to about fifty cubic centimeters and made

slightly alkaline with ammonium hydroxide (1 + 1); and, while still hot,

a saturated ammonium oxalate solution was added drop rise as long as any

precipitate was produced. An excess of the reagent was added so as to

convert the manganese salts into oxalates. The mixture was heated to

boiling, and allowed to stand three hours; then the clear solution was

decanted through a filter, ashed with twenty milliliters of hot water

and again decanted through the same filter. The precipitate was dis-

solved in a few drops of hydrochloric acid, a little water added, and

again ammonium hydroxide and ammonium oxalate boiling hot were added to

the solution. The solution was allowed to stand as before and filtered

through the same filter. Chlorides were washed out with hot water. The

21Ibid., p. 6.

22Wiley, OP. L., p. 254. 2 Ibid.

2 4A. 0. A. C., m. cit., p. 6.
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filtrate and washings were reserved for the determination of magnesium.

The precipitate on the filter was dissolved with hot sulfuric acid

(1 + 1), collected in the beaker used for precipitation, and titrated

with standard potassium permanganate solution. The percentage of calcium

oxide was calculated to be one and twenty-two thousandths per cent for

the Windthorst sand, three and seven hundredths for the Denton sand, and

five and eighty-seven hundredths for the Denton clay.

It is to be noted that in the above determination of calcium two

precipitations were used. This was to free the calcium oxalate of zill

nrgnesim oxalate, which is precipitated to some extent simultaneously.

This greatly increases the accuracy of the determination; for otherwise,

one tenth to two tenths per cent of the magnesium present is precipi-

tated.25

Prom the study of the origin of the soils used in the preceding

determination of calcium, the percentages of calcium found would be ex-

pected. Since sandstone contains from two to three tenths per cent cal-

cium,0 6 the Windthorst sand would be expected to have the lowest li

content. The Denton sand would be expected to have a higher per cent of

calcium since it is derived from a sandstone formation, and a limestone

formation. Denton clay would be expected to have the highest per cent

of calcium since it is derived from a limestone formation. Calcium in

the soil is usually found as a silicate or carbonate.

Magnesium determination.--The combined filtrate and washings from

25Fales, . cit., p. 235.

26Merril, 2p. cit., p. 115.
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the preceding determination were evaporated on a water bath to about one

hundred milliliters, and twenty milliliters of strong nitric acid were

cautiously added. This solution was evaporated to dryness and carefully

heated on a hot plate to remove ammonium salts. Five milliliters of

hydrochloric acid were added rand the solution evaporated nearly to dry-

ness. The residue was dissolved in hot vater and a small quantity of

hydrochloric acid was added. The solution was filtered and the filter

paper washed with about one hundred milliliters of hot water. Magnesium

was precipitated as magnesium amonium phosphate by the addition of

three milliliters of ten per cent solution of sodium ammonium phosphate,

and sufficient ammonium hydroxide to make the solution slightly alkaline.

The solution was stirred vigorously, allowed to stand fifteen minutes,

five milliliters of ammonium hy(roxide iere added, and the precipitation

allowed to proceed overnight. The solutiQn was filtered, and the pre-

cipitate washed with ammonium hydroxide (I + 9), transferred to a por-

celain crucible, moistened with amonium nitrate, dried, ignited, cooled,

and weighed as magnesium pyrophosphate.

The percentage of magnesium oxide calculated from the preceding

analysis gave the following results: Windthorst sand, forty-five thou-

sandths per cent; Denton sand, fifty-six thousandths; and Denton clay,

one hundred eighty-two thousandths.

Magnesiiu is nearly always precipitated as magnesium ammioniuxn phos-

phate. The real difficulty in determining magnesium by the preceding

method is the removal of the interfering substances, such as calcium,

bariur, iron, and the heavy metals. This method is suitable for quantities

A. 0. A. C., 2p. cit., p. 7.



of magnesium ranging from four ten thousandths to twelve hundredths of a

gram. The amount of magnesium phosphate handled in the preceding deter-

rination was small, because of the difficulty in removing the interfering

substances. According to Fales the greatest error of any determination is

in the determination of magnesium. The limit of precision in this deter-

mination is probably greater than five parts per thousand.28

Determination of manganese.-The colorimetric method is perhaps the

best method of determining such small amounts of manganese as are found

in these soils. This determination requires that a standard manganous

sulfate solution be prepared as follows: Dissolve two thousand, eight

hundred seventy-seven ten thousandths grams of pure potassium perrmanga-

nate in about one hundred milliliters of water, acidify the solution 4ith

sulfiric acid (1 + 1), and slowly heat to boiling. Add slowly a suffi-

cient quantity of a ten per cent oxalic acid solution to discharge the

color. Cool and dilute to one liter. One milliliter of this solution

is equivalent to one tenth milligram of manganese.29

Five grams of soil, finely pulverized and dried for several hours

at one hundred degrees, were weighed in a porcelain crucible. About

twelve grs of finely powdered, manganese-free potassium bisulfate were

mixed thoroughly with the contents of the crucible, and gently heated for

about five minutes. The heat was gradually increased until the crucible

and lid were red hot, care being taken not to alo the contents of the

crucible to froth over. This temperature was maintained about twenty

minutes. A quiet, clear fusion resulted. The lid was removed, and the

crucible was rotated in a horizontal position to spread the molten contents

Fales, o. .cit., p. 240. 29A. 0. A. C., o. , p. 101.



over the inner walls to expedite cooling. The crucible was immersed in

about twenty-five milliliters of sulfuric acid (1 + 1) in a tio hundred

milliliter beaker, and digested on a hot water bath until the contents

of the crucible disintegrated and dissolved. The crucible and lid were

carefully rinsed ith hot trater, and the solution was made up to one hun-

dred milliliters. The solution was filtered and the insoluble residue

washed thoroughly. The residue vas white; therefore, it was discarded.

The filtrate and washings were made uc to two hundred fifty milii-

liters. An aliquot art of twenty-five milliliters was taken, and about

five tenths of a grar of potassium periodate were added. The solution

was boiled until the characteristic purplish permanganic acid color de-

veloped, and then heated on a hot water bath for one hour to complete

oxidation. The solution was diluted and transposed to a Nessler tube.

Standard rolutionz of manganese were prepared by boiling aliquot parts

of manganese solution with potassium periodate, and aliquot portions of

these in NIesler tubes were compared with those of the sample. The per-

centage of manganese dioxide was calculated, and in each case found to

be very low.

The amount of manganese found int the soil is usually very small, so

this determination demands a method whereby minute amounts of manganese

can be detected. The method used here is the one recommended by the

Association of Official Agricultural Chemists.30

The occurrence of manganese in such small amounts as reported is

interesting only from an academic viewpoint. On the average, about one

5094. cit., p. 101.
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tenth of one per cent of the soil is manganese.31 It is present in the

form of different oxides and hydroxides, and to a certain extent as salts

of organic and inorganic acids. As a rule the inorganic manganese com-

pounds are quite insoluble. As a catalyst in the oxidation process of

the soil, it plays an important role. Its power as a. catalyst, however,

is modified to a considerable extent by the form in which it is present.

Through the stimulation of soil oxidation, manganese plays a part in in-

creasing the nutrient concentration of the soil solution.

Determination of sulfur.--A ten gram sample of soil dried at one

hundred degrees was placed in a large nickel crucible, and mixed with an

equal weight of anhydrous sodium carbonate. About four milliliters of

water were added carefully to the soil and stirred so as to make the mix-

ture into a stiff paste. Sulfur-free sodium peroxide was added in por-

tions of about one gram, and stirred well after each addition to obviate

excessive frothing and overflow. The addition of the peroxide was con-

tinued until the mixture became dry and granular; and then, as a surface

coating, more peroxide was added so as to make the total peroxide addi-

tion twenty-five grams of peroxide to each ten grams of soil. The mix-

ture was heated with two burners to about four or five hundred degrees

for thirty minutes, and to nine hundred for about ten minutes. The

chilled crucible was placed in a six hundred milliliter beaker and cov-

ered with water to which five milliliters of ninety-five per cent alco-

hol had been added to decompose the sodium manganate that might have

been formed. When the melt had disintegrated, it was immediately fil-

tered by suction through a Buchner Punnel, and the residue washed

51 R. A. Dutches and D. E. Haley, Agricultural Biochemistry, pp.
160-1.
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thoroughly with hot water until a total volume of six hundred milliliters

was attained.

To the filtrate above hydrochloric acid was added slowly from a

burette until all the carbonates had been neutralized as shown by methyl

red. An excess of five tenths of a milliliter of hydrochloric acid was

added and the solution concentrated by heating to a volume of four hun-

dred milliliters. The solution was heated to boiling, ten milliliters of

a five per cent solution of barium chloride were added, and the resulting

solution was allowed to stand overnight.

The small precipitate was filtered on a dense filter paper, ignited,

and weighed as barium sulfate. The residue was treated with a few drops

of hydrofluoric acid and one drop of sulfuric acid (1 + 1), and heated

again to guard against possible inclusion of silica. The crucible was

then reignited and the precipitate weighed as barium sulfate. 2  The

percentage of sulfur trioxide was calculated, and reported as sulfur

trioxide. The Denton clay was found to contain twenty-three hundredths

per cent sulfur trioxide, Denton sand fourteen hundredths per cent, and

Windthorst sand eleven hundredths. Duplicate samples were run on each

soil.

Determination off.2-hosphrus b yte magnesium nitrate method. -6

Five grams of finely powdered soil were taken for this determination.

The soil samples were treated in a porcelain dish with seven milliliters

of magnesium nitrate solution, which was prepared by dissolving one hun-

dred fifty grams of magnesium oxide in nitric acid (1 + 1). A little

magnesim oxidd was added in excess, this mixture was boiled, filtered,

2A. 0. A. C., o9. cit., p. 11. 33Ibid., p. 12.
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and the filtrate diluted to one liter.34  This mixture was dried on a

water bath, and the organic matter burned off at low redness. The dish

was then cooled and ten milliliters of water, ten milliliters of hydro-

chloric acid, and five milliliters of nitric acid were added. Then the

dish was covered and allowed to digest for two hours with occasional

stirring. The solution was diluted and filtered. This filtrate was

evaporated to dryness in a porcelain dish on a rater bath. The residue

was taken up with dilute nitric acid and filtered. The combined volume

of the filtrate and washings was concentrated to forty milliliters. This

solution ras made slightly basic with ammonium hydroxide (1 + 1), and

the precipitate dissolved in a slight excess of nitric acid. About fif-

teen milliliters of of ammonium molybdate solution were added with vigo-

rous agitation. The solution was kept between forty and fifty degrees

for an hour and then let stand overnight at room temperature. The solu-

tion was filtered, and the precipitate washed with cold water. Both

filter paper and precipitate were returned to the same container, and

the precipitate dissolved in an excess of standard sodium hydroxide

solution. The excess was titrated Uith standard nitric acid, phenol-

phthalein being used as the indicator.35 The percentage of phosphorus

pentoxide was calculated and reported. The analyses were run in dupli-

cate for each soil.

The ammonium molybdate solution used in the precipitation of the

phosphorus was made according to the method given by Fales.36Ammonium

molybdate solution may be prepared by dissolving one hundred grams of am-

monium molybdate in four hundred milliliters of water and ninety milliliters

34 i p5 36Ibid. , P. 19 Ibid., p. 11. . cit., p. 216.
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of fifteen molar ammonium hydroxide, and then mixed with one liter of

six and four tenths molar nitric acid.

Large sample ias taken in this determination because of the low

percentage of phosphorus that is found in soils. The amount of phospho-

rus found in this determination was one hundred eighty-tc thousandths

per cent for the Denton clay, fifty-six thousandths for the Denton sand,

and forty-six thousandths for the Windthorst sand. Due to the small

amount of phosphorus encountered in soil analysis, the alkalimetric

method of determining phosphorus was used.

Determination of potassium and soadium.--A sample of one gram of soil

was ground gently in a smooth mortar with one gram of ammonium chloride

and eight grams of calcium carbonate. The mixture was transferred to a

platinum crucible, heated gradually until fumes of ammonia no longer

passed off, and the lower three fourths of the crucible was brought to a

red heat. This temperature was mantained for one hour. The fused mass

was transferred to a porcelain dish, slaked with hot water, and the resi-

due was transferred to a filter and washed with about three hundred milli-

liters of water. Enough ammonium carbonate solution was added to the fil-

trate to precipitate the calcium and magnesium and the Precipitate allowed

to settle. The clear solution was decanted into a porcelain dish, and

concentrated to about forty milliliters. The precipitate was transferred

to the dish containing the solution, and the voltue reduced to about for-

ty milliliters again anc filtered, the filtrate being caught in a porce-

lain dish. The filtrate was evaporated to dryness on a water bath, and

then ignited to expel ammonium salts. The residue was weighed as the

combined chlorides of sodium and potassium.
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The combined chlorides were dissolved in thirty milliliters of

water, and one and five tenths milliliters of platinic chloride solution

(ten per cent) were added. The mixture was evaporated to a syrupy con-

sistency, and fifteen milliliters of tuo and twenty-five hundredths nor-

mal acidulated alcohol (prepared by passing hydrogen chloride gas into

a mixture of two liters of ninety-five per cent alcohol and one hundred

and fifty milliliters of hydrochloric acid) were added, and the solution

filtered through an asbestos Gooch. The residue was washed with the

acidulated alcohol and then with eighty per cent alcohol, and again dried

for an hour and weighed. The difference in weights gives the weight of

the potassium chlorplatinate. The weight of the potassium chlorplatinate

was multiplied by the factor one hundred ninety-four thousandths to ob-

tain potassium oxide and by three hundred seven thousandths to obtain

potassium chloride.

The amount of sodium chloride is determined by subtracting the

weight of the potassium salt from the weight of the combined chlorides.37

The sodium was reported as sodium oxide. Duplicate analyses were run on

each soil.

The results of the preceding determination showed the Denton clay

to contain sixty-eight hundredths per cent sodium oxide, the Denton sand

fifty-five hundredths., and the indthorst sand twenty-one hundredths.

The amount of potash present in soils is of great importance to the

agriculturist. The value of the land depends to a great extent on the

amount of potash present. From the results of the preceding determina-

tion we get a general rating of the soils in regard to fertility. From

37
A. 0. A. C.,. 9-2. cit., p. 1240



high to low, the rating is as follows: Denton clay, Denton snd, ind-

thorst sand. These results agree with what is known about the fertility

of the soils. The Denton clay is known to be much more productive han

The .indtlorst sand, but this is not always true with the Denton sand,

but it is true in most cases.

Determination of alkaline salt.--A sample of one hundred grams was

weighed out, mixed with two hundred fifty milliliters of water in a five

hundred milliliter bottle, shaken thoroughly and allowed to stand over-

night. Tle solution was filtered through an ordinary filter paper due to

the fact that no Pasteur-Chamberland filter was available; consequently,

a clear filtrate was not obtainable and some fine material could not be

retained even with several filtrations.

A ten milliliter portion of the filtrate was tested for soluble

chlorides by the use of silver nitrate. There was no precipitate formed

o it was assumed that there were no soluble chlorides present.

Another ten milliliter portion of the filtrate was titrated with

standard hydrochloric acid and the results reported as percentage of

sodium carbonate. ethyl orange ras used as the indicator. 5 8

Determination of pH.-In the determination of the pH the author used

two methods, the quinhydrone electrode coupled with the calomel half cell,

and the nitrozene paper.

The author used the nitrozene paper first and then checked the results

with the quinhydrone electrode method. Nitrozene, is a new and very sensi-

tive indicator for use in acidimetry and alkalimetry, both for titration

purposes and as an indicator of hydrogen ion concentration. With it one

58Ibid., p. 16.



40

can readily determine whether a solution has an acid, alkaline, or neu-

tral reaction, and, approxiately, to what degree. Nitrozene is valuable

both as a one tenth per cent solution in dilute alcohol, and in treated

paer strips which give the color reaction and at the same time retard

solution and dissipation of the reagent.

The new indicator, nitrozene, changes color within approximately

the same range as litmus,, but this indicator is much more sensitive and

the color changes are much more definite, so that differential readings

can be made over smaller pH intervals. The following table will give

the color range of nitrozene paper.

TABLE 3

COLOR RANGE OF NITROZEJ PAPER
pH value

4.0 . . ... .-#**. ..
4.5 *. .&. ..- - . ..- - .* -

5.0 . . . .. . .. .

5.5 . . . ... . ..

6.0 . .... -. . ..

6.2 . .. .. . ...--

6.45 .. .. .. ....

6.5... .. ....... .

7.0.............-. ...
7."...... . .. . ..
7.6 - ---- . ... .. .

8.0 .....- - -. --.

These are the color values

Color Range

for

. . Bright yellow
Yellow slightly duller (lemon)
Mustard Tellow
Light olive yello.
Olive yellow
Olive green (yellow cast)

. . Olive green
Bluish cast to olive green
Slightly stronger bluish cast

. Dark green
Dark blue green
Grey blue

. Deeper blue
Same
Same

nitrozene paper when read within

two minutes after the solution is applied. The solution is applied with

a glass rod. The above method vias checked by the quinhydrone electrode

method and the results found by use of the nitrozene paper checked within

one tenth per cent of those found by the quinhydrone method.
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The quinhydrone electrode coupled with the calomel half cell was

set up as described in Daniels, Mathews, and Tilliams, "Experimental

Physical Chemistry," page 159. The diagram below shows the set up used:

"B", a battery of two dry cells; "R", a slide wire rheostat; "G", a gal-

vanometer; "C", normal calomel half cell' "Q", the quinhydrone electrode;

voltmeter* and "S", a s itch.

-- I'

A

C

B

vvvtvv

I -

low

a- -too -M 004 .0000 Aw low W. aft .0

som ft MONO oft

-Me

.60 Ooft "me 0.00 ano .1ft
'am- O"w aw"

.ft ,oft -oft

ow
As" ooft OWNS 0,0=0

pow Aumm .0m. .'am awam- "W".

.oft aft

/Yey

Figure 2. Apparatus Used in pH Determination

-V

I --(, 71



42

In this determination fresh moist samples vere used. The new sam-

ples were taken from the same locality as the samples for the chemical

analysis. They were allowed to air dry twenty-four hours, and then ground

in a porcelain mortar and sifted through a two millimeter sieve. A soil-

to-water ratio of one to five was used with intermittent agitation for

thirty minutes. The solution was then saturated with the quinhydrone.

The uncoated platinum electrode and the calomel half cell were both im-

mersed in the upper region of the supernatant liquid. The potential was

measured at ten, twenty, and sixty seconds from the tiLe of the addition

of the quinhydrone to see if the soil was suitable for the quinhydrone

method. No case of "adaption lag" was found, so the values were taken as

the correct pH for the three soils. 3 The values of the pH were calcu-

lated from the following formula, where E is the measured potential:

0.4185 - E at 25C.40
0.0591

indthorst sand was found to have a pH of 5.82, Denton sandca pH

of 7.34, and Denton clay a pH of 7.51. Thus the Windthorst sand is

acidic, whereas the other two soils are slightly alkaline or basic.

Results of analysis: Average ecentae composition of the three

ols.--The results as tabulated in Table 4 show the composition of the

soils analyzed as described heretofore.

5E.F.Snyder, Methods for Deterinijng the Hydrogen-ion Concentra-
tion of Soils, U. S. Dept. of Agri., Circular~No. 56 (1935).

4 0 Ibid.
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TAB LI4

RESULTS OF ANALYSIS

Windthorst Fine Denton Fine
SandyLoam SanL ja Denton Clay

Si02 92.56 % 80.33 % 61.80
Mn02  0.015 0.052 0.067,
Ignition loss 2.26 6.31 10.17
Fe2 03  1.50 3.35 5.96
P205  0.045- 0.056 0.182
CaO 1.022 3.07 .87
303 0.117 ,.14 0.23
A1203 + Ti02  2.08 5.25 11.57
K20 0.309 0.57 1.13
MgO 0.32 0.48 1.04
Na20 0.21. 0.44 0.68

Totals 100.552% 100.158" 99e.329

Total N 0.06 0.072% 0.153
Organic and NH3 nitrogen 0.045 0.039 0.091
Nitrate nitrogen 0.014 0.031 0.043
Organic matter 2.0$ 3.19 4.53
Carbonate C02 0.00 2.43 3.23
Loss at 1000 0.92 3.90 7.85
Na2 003  0.00 % 1.09 1.23 %

pH 5.82 7.34 7.51



CHAPTER V

DISCUSSION

Geology and origin.--iindthorst sand is derived from a sedimentary

rock of noncalcareous nature. Occasional thin seams of limestone or

marly clay are present in the parent rock, but they do not give rise to

noticeable soil differences. The Denton sand is derived from to of the

principal strata that are found in Erath County. The surface materialIs,

especially the sandy- part, is derived in part from the Pahluxy sands

materials. The subsoil is derived from the Glen Rose formation. The

substratum consists of marl and limestone. The Denton sand is charac-

teristically developed along the line of contact between the Paluxy

sands and the Glen Rose formation. This soil is calcareous. Denton

Clay is residual from the Comanche Peak limestone, an1 is calcareous.

The analysis of the above soils sho s a strict correlation with the

origin of the soils. The Windthorst sand being derived from a noncal-

careous rock would be expected to have the lowest content of calcium

compared with other soils. It has no detectable carbonate carbon, but

has a high percentage of silica.

The high content of calcium aend carbonate carbon found in the Denton

clay agrees with the origin of the soil. The Denton clay being derived

directly from calcareous sedimentary roc> would be expected to have the

highest content of carbonate carbon and calcium. The content of mag-

nesium, likewise, agrees in the same respect, for this element is gen-

erally found in calcareous strata in the form of carbonates. The
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percentage of silica would not be excessively high in such a soil, and

the amount found agrees with this supposition.

The lower content of calcium and ,carbonate carbon found in the Denton

sand agrees with the origin of the soil, for it is derived from two main

strata, one of which is calcareous and the other noncalcareous. This soil

forms a transitional zone between the noncalcareous Paluxr sands and the

calcareous Glen Rose formation. A noticeable decrease in the content of

magnesium is5 found for the same reason. A rather high content of silica

is found, as would be expected, since the top soil is derived from the

Paluxy sands.

The facts found from the analysis of these soils agree with the

origin and formation of each.

Fertility.--The term fertility is com only used in a special sense,

meaning abundance of nitrogen, phosphoric acid., and potash. According to

W. F. Weirl fertility means "state or quality of being fertile; fruit-

fulness; productiveness." Therefore the fertility of a soil may be in-

terpreted to mean the power of a soil to produce large yields. iWihen the

fertility of a soil is defined in terms of the amount of plant food

present, the definition is incomplete. The fertility of a soil depends

upon its physical condition as well as its chemical composition.

According to Hilgard2 fertile soil should contain about fifty

hundredths per cent potash, about fifteen hundredths per cent phosphoric

acid, and about one tenth per cent nitrogen. Due to the fact that a

large part of the nitrogen in the soil is in the form of compounds that

lProductive Soils, p. 79.

2Soils, pp. 362-69.
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cannot be taken up by the plant, it is difficult to say how much nitrogen

should be present. However, one tenth per cent has been assumed as the

adequte percentage.

The amount of lime in soil plays an important role in soil fertility.

In the presence of high lime percentages, relatively low percentages of

phosphoric acid and potash may prove adequate. Lime, when in moderate

quantities, tends to promote nitrification, and to make available the

dormant plant food. 4  According to Fraps5 the lightest sandy soil should

not contain less than one tenth per cent; clay loams should contain one

fourth per cent. An excess of potash offsets a deficiency in lime con-

tent.

According to the preceding definitions of fertility the Denton clay

is a highly fertile soil. By analysis it contains one and thirteen hun-

dredth per cent potassium, one hundred eighty-two thousandths phosphorus

pentoxide, five and eighty-seven hundredths calcium oxide, and one hun-

dred fifty-three thousandths nitrogen. The Denton clay is the most pro-

ductive soil of Erath County.

The Denton sand has a sight excess of potash, fifty-seven hundredths

per cent, and plenty of lime, namely three and seven hundredths per cent.

It is slightly deficient in nitrogen, having less than one tenth per cent,

and it has a slight deficiency in phosphorus, though this shortage is not

serious in the presence of the amount of lime found in this soil.

The Windthorst sand has a sufficient quantity of calcium oxide

3Ibid.,p. 357.

IT. P. Roberts, The Fertility of the Land, p. 228.

p. cit., p. 175.
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according to the analysis, but due to the fact that this calcium is not

in the carbonate form, a deficiency in this respect might be indicated.

It is also deficient in all the other essential elements, having only

forty-five thousandths per cent phosphorus pentoxide.

The coarse texture of the sandy soils and the lack of humus has been

shown to cause them to be more suscePtible to erosion than the Denton

clay.6 The Windthorst sand, if not covered with vegetation, is very sus-

ceptible to blowing and drifting up in high piles along fence ros and

reed~y roadsides. This perhaps explains the loir fertility of this soil.

Crps and _ ation.-Of the ninety-two elements known to chemists,

only eighteen are important from the standpoint of Soil formation and of

plant growth; and of these only thirteen or fourteen participate in nor-

mal plant growth. They are listed in Table 5.

TABLE 5

AGRICULTURALLY IMPORTANT CHEMICAL ELEMENTS

Metallic Elements Non-metallic Elements

Potassium Carbon
Sodium Hydrogen
Calcium Oxygen
Magnesium Nitrogen
Iron Phosphorus
Manganese Sulfur
Aluminum Chlorine
Titanium Fluorine

Iodine
Silicon

Titanium is a constant ingredient of most soils in the form of

titanium dioxide, is not known to perform any important function in the

6 Hilgard, . cit., pp. 221-52. ~ I.,pp. xxv-xxvi.
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soil, and is not taken up by plants. "Aluminum, in the form of its com-

pounds with oxygen and silicon, is a very prominent and physically very

important soil ingredient, but does not, apparently, perform any direct

function in p1ant nutrition, and is absent from their ash, except in the

case of some of the lower plants."8

Iodine is found in all seaweeds, and is found in traces in some land

plants but is not of great economic importance. Fluorine is also found

in plant ashes, but is not considered essential to plant growth. The

other remaining elements are always present in plants.

Aside from having an abundance of appropriate food or food materials,

there are various external conditions that are necessary for plant growth,

the chief of which are: depth of soil, temperature, water supply, and

the composition of the soil atmosphere. The chief chemical condition

affecting crops is the supply of plant food. 9 lie see that by a prelimi-

nary examination of the soil and a study of the climatic conditions of a

locality, one may determine what crops are best suited for that locality.

The content of lime and the acidity and alkalinity of the soil are

so invariably and intimately connected that this feature will be dis-

cussed in relation with vegetation and crop production. The Denton clay

is a prairie soil and has an adequate supply of lime and a pH of 7.51.

The content of lime in the Denton sand is not as high as that of the

Denton clay; it has a pH of 7.34. The >indthorst sand is an acid soil

with a PH of 5.82, with an evident deficiency in lime. The acidity or

alkalinity of a soil depends upon the amount of lime present, and the

8Ibid., p. xxvi.

9Fraps, 2p.S ci., p. 101.
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form in which the lime is present. The kind of vegetation and crops that

are found growing on the land is determined largely by the acidity or

alkalinity of the Soil and moisture content of the soil. From the study

of the analysis of the two Denton soils, one would expect them to have

practically the same kind of vegetation, but there is a remarkable dif-

ference in the vegetation that is found on them. he predominantly

heavy texture of the Denton clay has been favorable to the growth of

grass and unfavorable to the growth of trees. The soils are wet in

springtime during the growing season for grass. By the time the usual

dry weather and heat of midsummer has dried out the shallow soils and

caused them to crack badly, the growing season of the grass is over.

The dried, cracked soil of midsummer is not favorable to tree growth.

The most important herbs are the broom weed and the big blue bell. There

are a few scattered live oaks and mesquite trees found on this type of

soil.

The difference in the trees of the Denton clay and the Denton sand

is probably due as much to the moisture condition as anything else;. The

sandy covering of the top soil does much to retain the water in the lower

soils, for it is composed mainly of large grainy particles of sand which

are not conducive to capillary movement of water. This soil is sometimes

called "mixed land." It is considered good soil and the greater part is

cultivated. The original growth was the native mesquite grass, live oak,

mesquites, a fev. post oak, and many weeds, the broom weed being the most

important.

The Vindthorst soil exhibits a different flora altogether. This is

partly because of its physical characteristics. It is especially favor-

able to the growth of trees and shrubs because of the sandy surface soil
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underlain with stiff clay. The sandy covering of top soil does much to

retain the water in the lower subsoil, which is very favorable to the

growth of shallow rooted trees such as the post oak nd the blackjack

oak. Smilax vines, grape vines, and bushes comprise the undergro th.

Hilgard10 states that the blackjack oak and the post oak are good markers

for the sandy soils of Mississippi which are deficient in lime and the

other essential elements.

Lime is such an important factor in crop production that the effect

of ime application to soils will be discussed briefly.

The following is a brief summiary of the part which lime plays
in the soil.

It flocculates clay particles, making the soil more crumbly
and with better tilth, more retentive of water and more easily
penetrated by rain.

It aids growth of bacteria which convert organic nitrogen to
nitrates, those which assimilate nitrogen and other bacteria.

It neutralizes acids and maintains the soil in an alkaline
condition, which is the condition most favorable to the majority
of cultivated plants.

It makes a soil productive which contains relatively small
quantities of plant food.

It counteracts the deleterious effect of an excess of mag-
nesia in the soil.

It liberates potash in the soil.
It unites with phosphoric acid, preventing it from forming

less valuable phosphates of iron and alumina.
It Increases the quantity of phosphoric acid.

The application of lime to soils benefits some crops, injures some,

and some are Indifferent to liie. Crops that are benefited by the appli-

cation of lime are as follows: alfalfa, asparagus, barley, beets, clover,

celery, cauliflower, currants, cabbage, cucumbers, corn, lettuce, mangel-

wurzel, onions, okra, oats, peas, peanuts, pepper, parsnip, pumpk in, sor-

ghum,, salsify, seed fruits, stone fruits, squash, spinach, sugar beets,

10 11
Opj. cit., p. 497. Fraps, op. cit., pp. 254-5.
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salt brush, timothy, and tobacco.

Crops that are injured by the application of lime are: cranberries,

cowpeas, sheep sorrel, lupine, serradilla, and waternelons.

The crops that are indifferent to lime are: blackberries, millet,

potatoes, raspberries, rye, and red top grass.12

Cotton affords a very striking evidence of the influence of lime.

Cotton that is grown on rich river bottom land that is deficient in lime

often grows very luxuriant stalks, without producing any cotton. But

when line is applied the stalks do not grow so large but produce very

large yields of cotton.15

The application of lime to soils that are deficient in lime should

be of special interest to fruit growers of Erath County. The application

of lime to such soils improves the flavor and quality of fruit produced.

Lime fertilizers impart hardness to fruit trees. Lime should not be

applied to the soil alone, but should be applied in the form of a fer-

tilizer or with some fertilizer containing an abundance of humus.

Most cultivated crops grow best in an alkalire soil, but some will

grow best in an acid soil; however, plants lill thrive in either acid

or alkaline soils. There are, however, a few plants that are extremely

sensitive in regard to the pH of the soil medium. Table 6 on page 52

gives the optimum condition of alkalinity or acidity in which several

crops grow. 4

The reaction for cotton is not given in the table. Cotton is

adapted to a great many varieties of soils, although it prefers the

12lbid., p. 252-53. 13mosier, O. cit., p. 503.

14U. S. Dept. of Agriculture, Yearbook of 1927, p. 588.
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heavier type of soil.15  Judging from the fact that the greatest yield of

cotton comes from the heavy types of soil, and that these soils are

slightly alkaine, it would seem logical to assume that such a medium

would be best for the growth of cotton.

TABLE 6

OPTIMUM CONDITION OF ALKALINITY OR ACIDITY
FOR SEVERAL CROPS

Crops

Alfalfa
Asparagus
Barley
Beets
Blueberries
Cabbage
Carrots
Cauliflower
Celery
Corn
Cranberries
Lettuce
Lima beans
Oats
Onions
Peas
Potatoes
Radishes
Raspberries
Red clover
Rye
Spinach
Sugar beets
Watermelons
IWheat
*Both yield

at reaction given.

Average Soil Reaction Refer-
ence in terms of pH

pHoi
Neutral*
Slightly alkaline
Do.*
Slightly alkaline
Strongly acid
Slightly alkaline
Neutral
Slightly alkaline
Do.*
Neutral
Strongly acid
Slightly aLkaliJne
Slightly acid
Decidedly acid*
Slightly alkaline
Slightly acid*
Decidedly acid
Neutral
Slightly acid
Do.
Do.
Do.
Neutral*
Slightly acid
Neutral*

and quality reported

7.0
7.5-8.0

7.5-8.0
4.0-5.0
7.5-8.0
7.0
7.5-8.0

7.0
4.0-5.0
7.5-8*0
6.0-6.9
5.0-6.0
7.1-8.0
6.0-6.9
5.0-6.0
7.0
6.0-6.9

7.0
6.0-6.9
7.0
superior

The depth of the surface $oil should be at least three inches for

15Mosier, w. cit., p. 348.

1.
2.

4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

24.
25.



good yields. 1 6 If the soil is less than this the roots of the plant will

not have adequate space to expand, and therefore cannot take up enough

plant food for proper growth. Shallow soils dry out quickly, causing an

inadequate supply of water.

The temperature is also an important factor in crop production. The

quicker the soil warms up in the spring, the quicker crops can be planted

on it. The temperature to which the crops are subject depends upon both

soil and climatic conditions, the latter being the controlling factor.17

There are several factors which influence soil temperature; namely, loca-

tion, water content, and color. The location of the soil is an important

factor in soil temperature. The soil ill warm up much quicker if it is

located so that the rays of the sun strike it almost perpendicularly. If

the soil contains a large quantity of water it will be slow to warm up in

the spring, because it takes approximately five times as Much heat to

raise a given quantity of water one degree in temperature as it does to

raise the same quantity of soil the same amount. The color of the soil

also affects the temperature. The dark soils varm up much quicker than

do the light soils. The temperature of black soils becomes thirteen to

fourteen degrees higher than white or light soils.

The infertility of many soils is due largely to certain poisons or

toxins which ovie their origin to plant root excretions and decomposition

of organic matter. This theory is upheld y a few investigators. Fer-

tilizers are beneficial to poor soils of this type because the fertilizer

has the power to overcome the poisons.18 Recent investigations have

16Fraps, op. cit., pp. 105-106. 7 Ibid., pp. 107-112.

18 eir, 2p. cit., p. 261.
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shown that through good drainage, proper tillage, and sufficient lime,

the injurious action of these toxins may be overcome.

Among other harmful agents that cause low yields or failures are:

(a) An excessive amount of aluminum and iron in soils renders some of

the plant food elements unavailable. The effect of soluble phosphates

on certain red, tropical soils is of short duration because of the pres-

ence of excessive amounts of iron and aluminum; (b) too much nagnesium

in proportion to calcium may disturb the normal function of plant cells;

(c) too much lime in some soils may prove harmful to some crops, such as

grapefruit, pineapple, and certain lupines; (d) certain mineral acids

may make soils sour; (e) it is advocated by some that certain soil micro-

organisms accumulate to such an extent that they greatly retard the activ-

ity of helpful soil organisms. 1 9

SUGARY

1. A chemical analysis of representative samples of indthorst sand,

Denton sand, and Denton clay has been made, and this analysis shoy :s that

their com position has a strict correlation with respect to their geologi-

cal origins.

2. The analyses of the different soils have shown tie YWindt-iorst

sand to be highly deficient in all of the essential elements, whereas

the Denton sand is deficient in only one; namely, phosphorus. The analy-

sis of the Denton clay showed it to be highly fertile.

3. From the consideration of the pi and the lime content, it has been

determi ned to sowe extent what crops will grow in each of the soils.

19id., p.262.

21plaimm
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