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Chemical Analyses and Fertility of

West Virginia Soils
1

In 1914 the Department of Soils of the West Virginia Agri-

cultural Experiment Station began a chemical and field study of the

important agricultural soils in the State 2
. Experiment Station Bul-

letins 161 and 168, dealing with this investigation, have already

been published. The present report is a continuation of these in-

vestigations and includes the results of the analyses of 485 soil

samples representing the important soils in the State. The data

given in the two previous bulletins have been revised, and a num-
ber of corrections have been made. The revised data are included

in this report.

Of all the nutrients required by plants from the soil, nitrogen,

phosphorus, and potassium are the ones most liable to be deficient.

This deficiency may be due to insufficient amounts of these elements

in the original soil material; to the removal of these elements

through the sale of farm products; or to losses due to the processes

of leaching and erosion. In this investigation, the content of nitro-

gen, phosphorus, potassium, and carbon, as well as the requirement

of lime, was determined. The results thus found have been com-

pared with the fertility. The organic carbon was determined in order

to ascertain whether or not a correlation existed between either

the carbon and the nitrogen, or the carbon and the fertility, of the

soils. Calcium as a nutritive element in the soil is seldom deficient

as such, but man}' crops are often limited because of the lack ot

calcium carbonate to neutralize the acidity. For this reason, the lime

requirement was determined.

The availability of the different plant nutrients varies with the

crops grown, and the treatment of the soil; hence, no attempt was

made in this investigation to determine the immediate availability

of the plant nutrients. With soils of similar conditions and i

merits it seems that the nutrients would become available in pro

portion to their amounts present in the soil. However, then- are

exceptions to this which have not been satisfactorily explained.

1 0. C. Bryan, the senior author resigned as assistant Soil Technologist,
Weal Virginia Agricultural Experlmenl Sti n, 1928

'This Investigation was started bs Professors Firman E Bi u and R \i

Salter who are now on the faculty of Ohio State i nlvei rh< uthors
wish id express their appreciation t" them; to Messrs. M F Morgan, H J

Barnett, C. v. Wells, K. B. Wells, i: E Stephenson and to others who
in the premiss of this work.
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The methods used in collecting the soil samples and in analyz-

ing about two-thirds of the soils are described in West Virginia

Agricultural Experiment Station Bulletin 159. For the remaining

one-third, the same analytical procedures were followed in deter-

mining the nitrogen and carbon, but a modification of Hillebrand's

methods' for phosphorus and potassium proved to be shorter and was,

therefore, used. The lime requirement was determined by the Veitch

method. Field records were kept of the soil treatment, the crops

grown, and the general fertility of the areas from which the samples

were taken. In some cases, however, the field men were unable to

secure all of this information.

The classification of the soils into provinces and series is es-

sentially that described by the United States Bureau of Soils
2

. Some

of the counties in the state have not been surveyed and for this reason

a few soils may not be classified correctly. The field men could

not always follow the classification used by the Bureau. According

to the Bureau of Soils, West Virginia is divided into three provinces

in each of which the soils have been produced by the same force or

group of forces. Within each province there are several series which

are groups of soils having a similar color, character of subsoil, relief,

and origin. Soils of the same series may differ in texture. Soils of

the same texture in a series form a soil type. Thus a clay loam in the

Upshur series would be Upshur Clay Loam type.

The description of the provinces and important series in West
Virginia has been abstracted from Bulletin 96 of the United States

Bureau of Soils as follows

:

LIMESTONE VALLEYS AND UPLANDS PROVINCE

The soils in this province were derived from the limestone formations
in the eastern section of the State, including portions of the Eastern Pan-
handle and of counties along the Virginia border line. Soils of this province
are also found, in small areas, in other sections of the State, particularly
in the northern counties, including the Northern Panhandle. These soils
vary from gently rolling lands to hills. They are well drained and are
fertile.

Brooke Series

The soils in this series are grayish-brown to brown, with yellowish-brown
to slightly reddish-brown subsoils. They were derived from pure limestone,
with occasional admixtures of material from sandstone and shale. This
series is typically developed on the crest of ridges and hills, and in plateau-
like situations. They have good drainage, are easy to cultivate, and are
fertile.

United States Department of Interior, Bulletin 700
United States Bureau of Soils, Bulletin 96.



July, 1924] ANALYSES W. VA. SOILS 5

Hagerstown Series

The surface soils in this series are prevailingly brown in color, with light-

brown to reddish-brown subsoils. They were derived from the limestone
formations located in the eastern section of the State. They have an undu-
lating to gently rolling surface, and are well drained. These soils are very
fertile and are admirably adapted to general farming.

APPALACHIAN MOUNTAINS AND PLATEAU PROVINCE

The soils in this province were derived from the disintegration of the
sandstones and shales of the Appalachian mountains and plateaus. They have
a rolling to mountainous surface which is well drained. They are not very
fertile.

Dekalb Series

The surface soils of the Dekalb series are gray to brown, while the sub-
soils are some shade of yellow. They are derived from sandstones and
shales. The surface consists of gently rolling lands, table-lands, hills, and
mountains. They are well drained, but are not very fertile.

Meigs Series

This series is variable in character and particularly in color, ranging
from Indian red to a pale gray. This series includes some Upshur and
Dekalb soils and intermediate types. The soils were derived from red
and gray sandstones and shales. They are prevailingly steeply rolling, or
mountainous. Some of the smoother slopes are suitable for farming, but
are not very fertile.

Upshur Series

Both the surface and subsoil of this series are Indian red. Some types
have a grayish-red surface. They were derived from Indian red sandstones
and shales, frequently of a calcareous nature. The surface is rolling to moun-
tainous, well drained, and is generally more fertile than the corresponding
members of the Dekalb series.

Westmoreland Series

The soils of this series consist of a grayish-brown to a yellowish-brown
surface, and a yellowish-brown to yellow subsoil. The surface soils have a
mellow structure and the subsoils have a friable structure. They were de-

rived from sandstone and shale.' with interbedded limestone and calcareous
shale. The topography ranges from gently rolling lands to sleep hills.

They are well drained and are fertile.

RIVER FLOOD PLAINS PROVINCE

These soils are variable in color, drainage, and fertility. They <on list

of washed material from limestone, sandstone, and shale soils, and form
strips of varying widths along risers and streams.

Elk Series

The soils of this series have a light-brown to brown Burface, ami a pale-

yellow to yellow subsoil. Tiny are above the overflow but are entirelj al-

luvial. These soils were derived from limestone, Bandstone, and -hale soils.

Gravel is generally found in the substratum. The soils are level to sligatly

rolling, and have poor drainage In wel seasons. When properly managed and

well drained, those soils are fairly fertile.
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Holston Series

These soils have a yellowish-brown to brown surface, and a yellow sub-

soil They are entirely alluvial, consisting of material washed from sand-

stone and shale soils. They are above the overflow and are fairly well

drained. In general, they are less fertile than the members of the Elk

series.

Tyler Series

The surface soils are grayish-brown, while the subsoils are yellowish to

mottled gray. Some of these soils have a slightly plastic structure. They

consist of material washed from sandstone and shale soils. They are fairly

level, and poorly drained in many cases. These soils are best suited to

grazing and hay. They have a fertility about equal to the Holston series.

Wheeling Series

The soils of this series are brown to yellowish-brown with a slight dif-

ference between the surface and subsoil. They are underlain with gravel,

usually within three feet of the surface. These soils are alluvial, consisting of

material washed from the glaciated area along the Ohio and other rivers.

These soils have good drainage and are fertile.

Huntington Series

These soils are light-brown to brown. The subsoils are yellow to light

brown. They consist of material washed from limestone, sandstone, and
shale soils. They represent the best drained soils of the first bottom and
are very fertile.

Moshannon Series

These soils comprise the reddish-brown to Indian red first bottom alluvial

soils. They were derived largely from material washed from the Dekalb soils,

but they sometimes contain washed material from limestone soils. They are
fairly well drained and are fertile.

The greater portion of the soils in the State are composed of

the Dekalb, Meigs, and Upshur series as will be seen in Table 1,

which gives the area of the different series that had been surveyed

in West Virginia up to 1921.

Table I.—Area of the Different Soil Series Surveyed in West Vir-

ginia. 1

Number of Acres
Surveyed to 1921

Brooke 46,594
Colbert 960
Decatur 4,992
Frankstown 43,392
Frederick 16,384
Hagerstown

h 123,136

'I'll samples from Berkley, Jefferson, and Morgan counties were collected
before the survey was completed in these counties and it is possible that some
of the soils classified as Dekalb series in this report belong to the Berks
series. The Frankstown and Frederick series are of limestone origin and
somewhat similar to the soils in the Hagerstown series. Very likely some of
the soils classed as Hagerstown series belong to the Frankstown, or Frederick
series. The Berks, Frankstown, and Frederick series have been noted in thisMate only in the Eastern Panhandle.



July, 1924] ANALYSES W. VA. SOILS 7

Berks 41,856
Dekalb 5,028,224
Meigs 2,896,512
Rough stony land 947,136
Steep broken land 53,696
Lickdale 1,216
Upshur 581,120
Westmoreland 183,488
Atkins 11,712
Elk 35,840
Holly 28,928
Holston 140,352
Huntington 385,280
Moshannon 129,280
Pope 62,280
Tyler 60,672
Riverwash 2,432
Wheeling 40J68

TOTAL 10,866,250

This table was furnished through the courtesy of the U. S. Bureau of Soils.

RESULTS

The nitrogen, phosphorus, potassium, and carbon are given as

percentages in this report rather than as pounds per acre, as was

the case in the two previous bulletins. On the basis of 2,000,000

pounds of soil per 6 2-3 acre inches, 1 per cent equals 20,000 pounds

and .1 per cent equals 2,000 pounds. The analyses do not include

the mineral, rock, and organic particles which would not pass a 2mm.
sieve.

The chemical analyses and field data of the various soils arc

given in Table II. The most important information in this table

is the total store of the plant nutrients (nitrogen, phosphorus, and

potassium) and the lime requirement. These are an index to the

potential fertility of the soils. In general, the higher the content of

nitrogen and phosphorus and the lower the lime requirement, the

greater the fertility, provided the drainage and other Factors are

favorable. The crop yields observed by the owner of the land and

by members of the Soils Department arc used as a basis to d<

mine the fertility which is compared with the chemical anal-

There seems to be a fairly definite correlation between the amounts

of plant nutrients present and the crop yields on those soils which

have like conditions and treatments. This is particularly true with

the soils in the same province. A similar correlation with soils

in other provinces has been noted by previous investigators. 1 The

u\ s Bureau of Soils, null. tin 54, and annua] re]

from 1903 to 1907.
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data indicate a low fertility when the phosphorus is less than .04 per

cent, and the nitrogen less than .12 percent.

Table II shows that the average soils in the Dekalb, Meigs,

Upshur, Tyler, and Holston series are relatively low in nitrogen

and phosphorus. The Tyler and Holston series belong to the River

Flood Plains Province, but compare favorably in fertility with the

sandstone and shale soils. The Upshur series frequently has calcare-

ous formations and is a little more fertile than the strictly sandstone

and shale soils. The Elk and Pope series also belong to the River

Flood Plains Province, and sometimes contain material washed from

limestone formations. They are more fertile than the Tyler and Hol-

ston series. About 50 per cent of the Dekalb and Meigs series, 33 per

cent of Holston, Tyler, and Upshur series, and about 30 per cent of the

miscellaneous soils have less than .04 per cent phosphorus. More

than 45 per cent of the soils in the Dekalb, Meigs, Holston, and

Upshur series contain less than .12 per cent of nitrogen. More than

90 per cent of all the sandstone and shale soils are acid, and require an

average of 3000 pounds of lime per acre to neutralize the acidity.

Practically all of the soils in the above series are of low fertility.

The data in Table II indicate that most of the well drained

soils that are low in nitrogen and phosphorus will respond favor-

ably to acid phosphate and nitrogenous fertilizers. Most of the

acid soils will not grow clover without lime and, in many instances,

without phosphates. Field experiments in West Virginia 1 and in

Pennsylvania- show that the Dekalb soil responds favorably to

phosphates, and nitrogen, and in a lesser degree to potassium and

lime. Very likely all of the well drained soils which have as low-

phosphorus and nitrogen content and as high a lime requirement as

the average of the Dekalb series will respond favorably to ferti-

lizers containing phosphorus, nitrogen, and potassium. Poor drain-

age conditions, no doubt, limit the productivity of the Tyler and

Holston soils in many cases. Most of the soils studied are fairly

high in potassium. A few of them are low in this nutrient, and
will probably respond to potash fertilizers. All of the soils which
are low in organic matter will likely respond to potash fertilizers.

The organic matter seems to be a good index to the nitrogen

content and is no doubt an important factor in determining the

fertility. The percentage content of organic matter may be calculated

by multiplying the carbon content by 1.724.

W'.si Virginia Agricultural Experiment Station, Bulletin 155.
-Pennsylvania Agricultural Experimenl Station, Bulletin 166.
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The content of nitrogen varies from 8 to 10 per cent of that of

the organic carbon in practically all the soils studied. Some of the

sandstone and shale soils have a high content of nitrogen, phosphorus,

potassium ; and a low lime requirement, yet produce poor crops.

This is possibly due to poor management, or to unfavorable drainage

conditions.

The Brooke, Hagerstown, Westmoreland, Huntington, Moshan-

non, and Wheeling soils are much more fertile than those of sand-

stone and shale origin. They have a higher content of nitrogen and

phosphorus and are in general, less acid. All of these, except the

Wheeling series, have wholly or partly a limestone or calcareous

origin. The last three named soils belong to the River Flood Plains

Province, but compare well in fertility with those of strictly lime-

stone origin. The phosphorus in all these soils averages .06 per cent,

or more and the nitrogen about .15 per cent. The high content of

phosphorus in the limestone soils is probably due to a more rapid

leaching of the carbonates than of the phosphates. The correlation

between the high content of phosphorus, nitrogen, and lime car-

bonate, and the fertility has been noted by McHarague and Peter 1

and others. Some of the limestone soils, however, will respond to

nitrogen and phosphate fertilizers as is indicated in Table II.

The organic carbon in the Hagerstown soils averages less than

that in any of the other series. This is perhaps due to a very rapid

decomposition of the organic matter, brought about by the presence

of calcium carbonate. The content of nitrogen averages about .1-'

per cent of that of the organic carbon in the Hagerstown solis, and

from 8 to 10 per cent of that of the average soils in the other -eries.

Most of the limestone soils have a good supply of potassium, [ndeed,

some of them are very high in this nutrient. However, those which

are low in organic matter will probably respond to potash ferti-

lizers.

The average content of nitrogen, phosphorus, potassium, and

carbon, and the lime requirement of tin- important soil series in

West Virginia are given in Table Ml (page 21 I. The general fertil-

ity of the series is also indicated in this table.

'Kentucky Agricultural Experimenl Station Bulletin 286.
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SOIL MAP OF '

COMPILED FROM THE U. S. BUREAU

5. Upshur
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r VIRGINIA
L SURVEYS OF WEST VIRGINIA

ANALYSES W. VA. SOILS

COUNTIES
1—Hancock
2—Brooke
3—Ohio
4—Marshall
5—Wetzel
6—Marion~—-Monongalia
S—Preston
9—Pleasants
10—Tyler
11—Doddridge
12—Harrison
13—Taylor
14—Barbour
15—Tucker
16—Grant
17—Mineral
18 -Hardy
19—Hampshire
20—Morgan
21—Berkeley
22—Jefferson
23—Wood
24

—

Ritclii.
25—Jackson
26—Wirt
27—Calhoun
28—Gilmer
29—Lewis
30—Upshur
31—Randolph
32

—

Pendlei..,,
33 Mason
34—Roane
35—Braxton

ib< n
37—Putnam
38—Kanawha
89—Clay
40—Webster
41—Wayne
42—Lincoln
43—Boone
44—Raleigh
45—Fayette
16 Nicholas
47—Qreenbrler

'
s Pocahontas
49—Mingo
50—Logan
51—Wyoming

McDowell
M • rcer

54—Bummi
.\ I oi

NOTE: No attempt has been made to show the extenl of the River Flood
Plain Soils. Reports have nol yel been published for the unshaded
Reports for Tucker (ir>» and Qranl (16), however, are on the press at this
Field work lias been completed for Mineral (17), and Is being e.>n

;

Mercer (53), Bummers (64), and Monroe (B6). A preliminary
has been made for Hardy (18) and Hampshire (19), The work four
remaining counties is to be done Bhortly.
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—Average Content of Nitrogen, Phosphorus, Potassium,

and Carbon, and the Average Lime Requirement of the

Important Soils in West Virginia.

Soil

Series

a
N

CO

X a.

ra F
c re

< CO

Percentage of Elements

Average

N K

O 4)

4>
II

Remarks

<u (0

> Si
<-l

Brooke
Hagerstown .

Huntington ...

Moshannon ...

Westmoreland
Wheeling
Dekalb
Meigs ..

Holston
Tyler
Upshur
Elk
Pope
Miscellaneous

Soils
Weighed Ave.

7

30

51
22
11

13

151

2b
36
16

39
6

7

70
485

.176

.139

.169

.154

.194

.149

.137

.128

.129

.137

.146

.142

.186

.178

.150

,064

.062

.062

.055

.073

.104

.043

.043

.047

.046

.046

.045

.055

.058

.052

1.71

2.48

1.26

1.27

1.54

1.10

1.11

1.25

1.06

1.14

1.48

1.00

1.03

1.44

1.31

1.87

1.11

2.08

1.57

2.01

1.61

1.65

1.36

1.43

1.38

1.56

1.53

2.25

1.82

1.65

1800
500

2400
3000
2300
2100
3200
3100
2800
3200
3100
1600
5600

2300
2700

Good soil

Good soil

Good soil

Good soil

Good soil

Good soil

Poor to fair soil

Poor to fair soil

Poor to fair soil

Poor to fair soil

Fair soil

Fair soil

Fair soil

Soil fertility problems can not always be solved in a short time.

Several years of field investigation may be necessary .to determine

the limiting factors. However, the conclusions in this report should

not be very far from correct because of the large number of soils

studied. The correlation between the amounts of plant nutrient

elements in the soil with the fertility is important both from a

scientific and a practical viewpoint.

In general, the data indicate that the availability of the plant nu-

trients is proportional to the amounts of the (.lenient- in the soil ami

to the degree to which good soil management is practiced. Most

crops are indirectly dependent for a large part of their nutrients

upon the decomposition of root-, stems, leaves and other forms

of organic matter in the soil. The nutrients in the organic mat-

ter are made available during tin- process of decomposition, and

the carbon dioxide evolved aids in the solution of mineral matter.

There is to ;( certain extent a rotation of the nutrients from one

crop to another. Frequenl and liberal applications of farm manure-.

green manures, and other tonus of organic matter are highl)

ommended to help maintain the suppl) of available plant nutrients

in the soil.
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It must be recognized that maximum crops can not be produced

on soils which are low in phosphorus and nitrogen, unless these are

added in a form which can be easily utilized by the plants. This is

true for potassium and lime also. If the soil is very acid no per-

manent improvement can be made without the addition of lime.

It should be understood, however, that lime alone will not restore

the fertility to all acid soils. Lime will correct the acidity and make

the soil more active, but it does not supply any of the other plant

nutrients that may be deficient. Under a careful system of crop ro-

tation, including a legume every two or three years, the greater

part of the nitrogen may be supplied from the atmosphere, but

the phosphorus, potassium, and lime must be added in case they

are deficient. When clovers fail, very likely the soil needs lime

and phosphates.

Recent investigations 1 show that the value of the crop yields

on many of the soils in West Virginia is less than the cost of pro-

duction. In order to avoid this loss, the farmer will have to adopt

a system of crop rotation including more legumes, a more economical

use of farm manures and the use of liberal amounts of phosphate

fertilizers and lime. Many of the less productive soils will give

profitable returns with the use of complete fertilizers.

SUMMARY AND CONCLUSIONS

The content of nitrogen, phosphorus, potassium, and carbon,

and the lime requirement of 485 soil samples representing the impor-

tant series in West Virginia have been determined. The general

fertility and conditions of these soils are discussed. The results

may he summarized as follows

:

1-—The soils derived from sandstone and shale have a lower
content of nitrogen and phosphorus than do the soils derived from
limestone. The sandstone and shale soils are more acid and less

fertile than the limestone soils.

2.—About 50 per cent of the Dekalb and Meigs series, and about
35 per cent of the Tyler, Holston, and Upshur series have less than
.04 per cent phosphorus. These soils are of low fertility.

3.—More than 45 per cent of the Dekalb, Meigs, Upshur, and
Holston soils contain less than .12 per cent nitrogen. In general,
the nitrogen is in proportion to the organic carbon in all the soils

studied
;

it is about 8 to 10 per cent of the carbon for most of them.

'Unpublished data. Department of Farm Economics, W. Va. Agr. Exp. Sta.
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4.—More than 90 per cent of all the sandstone and shale soils are

acid, and are not very fertile. xAm average of 3000 pounds of lime

per acre is required to neutralize the acidity of the sandstone and

shale soils.

5.—Poor drainage conditions, no doubt, limit the productivity

of many of the soils in the state. This is particularly true with some

of the Tyler and Holston soils.

6.—All of the soils average 1 per cent potassium or more. A
few sandy ones are low in potassium. 3.1any of these sandy soils

and others which are low in organic matter will probably respond

to potash fertilizers.

7.—There is a fairly good correlation in all the soils studied

between the nitrogen, phosphorous, the carbon, the lime requirements,

and the fertility. In general, the higher the nitrogen and phosphorus,

and the lower the lime requirement, the higher is the fertility.

8.—Most of the sandstone and shale soils respond to acid phos-

phate, nitrates, manures, and lime. These soils comprise over 80

per cent of the soils in West Virginia.

9.—The Brooke, Hagerstown, Westmoreland, Huntington, Mo-

shannon, and Wheeling soils are in general more fertile and less acid

than the sandstone and the shale soils. The first three soils have

a limestone origin; the last three are river flood plain soils, but con-

tain some material washed from limestone formations.

10.—The limestone soils contain an average of .06 per cent phos-

phorus or more, and about .15 per cent nitrogen. The potassium

iii the Hagerstown soils averages much higher than in the other

soils, but the organic carbon is lower,

11.—Soils which contain less than .1_' per cent nitrogen, and les>

than .04 per cent phosphorus have, in general, a low fertility. There

are, however, many soils in the state which contain much higheT

amounts of nitrogen and phosphorus, and are still unfertile.

12.— Lime, acid phosphate, and nitrogenous fertilizers will verj

likely give profitable return- on most of the sandstone and shale

soils, and in many cases also on the limestone soils.
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