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The objective of this study was to determine the soil-vegetation
relationships of a Dblue shale-limy upland range site. Vegetative
composition and production were determined for each soil within
the range site. Some of the more important physical and chemical
properties, such as texture, depth of development, and general
fertility, were determined for each soil.

Literature Review

Albertson (1937) divided the Mixed Prairie of west central Kan-
sas into three general types of vegetation: (1) The short grass
( Buchloe-Bouteloua ), (2) the little bluestem (Andropogon scopar-
ius Michx.), and (3) the big bluestem (Andropogon gerardi Vit-
man) types. The short grass type normally occurred on soil with
rather heavy textured B horizons, while the little bluestem type oc-
curred on immature soils, varying from a few inches to approxi-
mately 20 inches thick over limestone. The big bluestem type oc-
curred on lowland sites that normally receive additional moisture
from runoff.

Dietz (1953) found the vegetation on a Mixed Prairie in west
central Kansas to be predominantly buffalo grass (Buchloe dac-
tyloides (Nutt.) Engelm.) and blue grama (Bouteloua gracilis
(H. B. K.) Lag ex Steud.) on the upland site. On the steep slopes,
buffalo grass, blue grama, and hairy grama (Bouteloua hirsuta
Lag.) were the major species present on the south facing exposures
while little bluestem and sideoats grama (Bouteloua curtipendula
(Michx.) Torr.) were the dominant species on the north facing ex-
posures. Big bluestem and switchgrass (Panicum virgatum L.)
were dominant species on the lowland sites.

Glover, et al. (1966) studied the vegetative composition with re-
spect to exposure on a site which included north, south, west, and
east facing slopes. The soils were developed from materials of the
Ogallala formation. They found that big bluestem and little
bluestem were dominant on the north exposure while dominants
on the south exposure were blue grama and side oats grama. The
east and west exposures were predominantly covered by blue grama,
sideoats grama, and little bluestem.

Nichols (1961) found little bluestem and big bluestem were
dominant on north facing slopes while buffalo grass and blue grama
were dominant on south facing slopes. Sideoats grama was com-
mon to both slopes. Woody plants were limited to north facing
slopes. The soils were shallow and intermixed with fragments of
limestone.



Sideoats grama was the dominant grass, making up 75 percent of
the composition, on soils developed from colluvial-alluvial sedi-
ments from the Niobrara formation in Gove County, Kansas (Lin-
nell, 1961). The soils were low in organic matter and the soil pH
ranged from 7.1 to 7.8.

Smith (1963) studied the break site occurring on three lime-
stones: (1) The Ash Hollow limestone, (2) the Fort Hays lime-
stone, and (3) the Fencepost limestone. He found little bluestem
to be the dominant grass on all three limestones.

Van Amburg (1964) reported the relationship of some factors to
soil depth on a break site on the Niobrara formation. He found
that the grass production and total cover increased with depth of
soil.

Geologic material provides the minerals that compose the soil
skeleton (Bidwell, 1964). The soil texture, mineralogical composi-
tion, and chemical fertility are largely determined by the minerals
of the geologic material from which the soil develops.

Paliwal, et al. (1964) stated that most soils of Kansas contain
montmorillonite clay minerals. The parent materials of the soils
were loess, shale, and alluvial sediments. Promise soil, a soil de-
veloped from clayey sediments from the Pierre shale, had mont-
morillonite as the dominant clay mineral. It is mildly alkaline and
low in organic matter.

Montmorillonite clay minerals are of moderate abundance in the
Blue Hill shale (Hattin, 1962). These clay minerals have the
ability to swell with additions of water and to shrink with the re-
moval of water (Lutz and Chandler, Jr., 1957). Crumpton ® states

in general, samples of Blue Hill shale from Ellis, Rush,
Trego, and Ness counties in Kansas contained from 30 to 60 percent
clay size particles less than two microns in diameter.”

Methods of Study

Only one area was studied because it was the only site where
all five different soils could be studied as a complete unit. The
area is typical of the blue shale-limy upland range site and had not
been grazed for at least 25 years. The vegetation was assumed to
be near climax.

The following characteristics were studied for each soil: (1)
texture, (2) depth of development, (3) wilting point, (4) pH, (5)
percentage of organic matter, (6) available P,O,, and (7) ex-

3. Letter from Carl F. Crumpton, State Highway Commission of Kansas, Topeka,
Kansas, March 4, 1964. (Typewritten)



changeable K, Q. The vegetative studies conducted were: (1)
basal cover, (2) percentage composition, and (3) yield.

SoiLs

At least two nearly uniform profiles of each different soil were
taken, and each horizon was sampled. Descriptions were written
for each horizon in accordance with procedures outlined in the Soil
Survey Manual (U. S., 1951) and The Supplement to the Soil Sur-
vey Manual (U. S, 1962). The profiles of soils 1, 2, 3, 4, and 5
were taken from slopes of approximately 8, 10, 5, 6, and 8 percent,
respectively.

Each horizon was sampled for particle size distribution which
was determined by the hydrometer method (Bouyoucos, 1951).

The wilting point was determined on only the first two horizons
because they contain most of the roots. The IEC pressure mem-
brane was used to determine the percentage of moisture at 15
atmospheres tension (wilting point). The moisture percentages
were determined as described in the Agriculture Handbook No. 60
(U.S., 1954).

The soil pH was determined on all horizons. A saturated soil
paste was made as described in the Agriculture Handbook No. 60
(U. S, 1954).

The chemical determinations for percentage of organic matter,
available P,O,, exchangeable K,O, and pH were conducted by the
soil testing laboratory, extension crops and soils, Kansas State Uni-
versity, Manhattan, Kansas (see appendix A for procedures). Since
the roots are most prevalent in the upper horizons, generally only
the first two horizons were tested. All samples were tested in dupli-
cate and then an average taken.

VEGETATION

The vegetation on each soil was sampled for basal cover and per-
centage composition by using a point frame (Levy and Madden,
1933). At least six transect lines were spaced approximately three
feet apart, and the point frame was placed on the ground approxi-
mately every two steps along a transect line. Five thousand points
were taken on each soil. On soils 1, 2, and 3, one additional stand
was sampled for each soil. Three thousand points were taken on
the duplicate stands using the same procedure mentioned above.

The forbs were determined by walking over each area during
the spring, summer, and fall, observing the relative abundance of
each species. A list was made in descending order of abundance
(see appendix B).



Forage yields were determined by a micro-unit forage inventory
method (Shoop and Mcllvain, 1963). The vyield per plot, in
pounds per acre, was determined by multiplying the measured
weight, in grams, of clipped vegetation by fifty.

Twenty plots were clipped on soils 2, 3, and 5, but thirty plots
were clipped on soils 1 and 4 because the vegetation was less uni-
form. The vegetation was clipped at ground level, separated by
species, and air-dried for six to eight weeks. The vegetation was
clipped the last week of September for the years 1963 and 1964,
but in 1965, it was clipped the first week of September because the
study area was to be grazed.

The depth of root penetration was recorded for each soil profile.
The approximate depth of root penetration was determined by
digging into the soil with a soil auger and noting the depth where
roots were no longer visible.

The nomenclature used for the grasses and forbs is that of Hitch-
cock (1950) and Rydberg (1932), respectively. The common
names were obtained from Anderson (1961).

Soils and Geology
GENERAL

The blue shale-limy upland range site used in this study occurs
in the Rolling Plains and Breaks Resource Area of the Central Great
Plains Winter Wheat and Range Region of the United States (U. S.
D. A, 1963). In Ellis County, Kansas, the range site occurs in the
southwestern part and also along the Saline River east of U. S.
Highway 183. It also extends into the neighboring counties north-
east of Ellis county.

The study area is located fifteen miles north and six and one-half
miles east of Hays, Kansas. The legal description is the northwest
corner of the northwest quarter of Sec. 22, T. 11 S., R. 17 W, Ellis
County, Kansas.

The mean annual temperature at Hays, Kansas is 54° F and
ranges from 25° F in January to 80° F in July (Luebs, 1962). The
average length of growing season or frost-free period is 170 days.
The average annual precipitation at the Fort Hays Experiment Sta-
tion, Hays, Kansas, from 1868 through 1958 was 22.90 inches.
Seventy-seven percent of the annual rainfall occurs during the grow-
ing season ( April to September).

The Blue Hill shale is the upper member of the Carlile shale
and is about 300 feet thick (Moore, et al., 1951). Below the Blue



Hill shale is the Fairport chalky shale which is also part of the
Carlile shale. The Fairport chalky shale differs from the Blue Hill
by being calcareous with thin layers of chalky shale while the
latter is noncalcareous. Carlile shale is overlain by the Niobrara
formation and rests upon the Greenhorn limestone.

Hattin (1962) described the Blue Hill shale as a blocky to fissile,
slightly silty, clayey shale that weathers into small brittle flakes.
The dominant color is dark gray, but locally the rock is light to
dark olive gray. Swineford, McNeal, and Crumpton (1954) de-
scribed the Blue Hill shale as a gray to bluish black, noncalcareous,
silty shale with thin layers of sandstone in the upper part. Many
calcareous septarian concretions * occur throughout the Blue Hill
shale, especially in the upper portion. Hattin (1962) conducted
much of his study in the vicinity of the research site used in this
paper.

Hattin (1962) made X-ray studies of the Blue Hill shale from
five samples along the Saline River valley, Ellis County, Kansas,
and from two samples in Jewell County, Kansas. He found ka-
olinite to be the dominant clay mineral in five of the samples and
present in the other two. Montmorillonite or a combination of
illite and montmorillonite were dominant in the other two samples
and occurred in nearly equal quantities in the five samples where
kaolinite was most prevalent. Swineford, et al. (1954) found the
minerals in the upper part of the Blue Hill shale in Ness County,
Kansas, to be montmorillonite, quartz, kaolinite, feldspar, muscovite,
and traces of chlorite.

The blue shale-limy upland range site is normally bordered by
massive escarpments of buff colored Fort Hays limestone and the
portion of the range site immediately below the limestone is
normally very steep and eroded. Breaking away from the steep
area, the range site then consists of relatively smooth shale ridges
capped with outwash material ( Fig. 3).

During the Pleistocene geologic period, the Niobrara formation
was eroded away, exposing the Blue Hill shale which appears to
have been later covered by a mantle of calcareous outwash ma-
terial (Fig. 4). The outwash material is dominantly clay loam in
texture with many fragments of soft chalk and limestone.

Through the processes of geologic erosion, the shale and out-
wash material probably were eroded in place, leaving many
moderately steep to steep ridges of shale capped with the outwash

4. Septarian concretion: Large concretions cut by many veins filled with yellow to
brown calcite and rarely other minerals, such as varite, gypsum, sphalerite, or quartz.



material. The ridges are approximately 200 to 800 feet wide with
slopes ranging from 5 to 45 percent. The thickness of the outwash
material ranges from 2 to 8 feet.

After geologic erosion had slowed sufficiently, soils developed on
the shale and on the outwash material. A clay regosol and a clay
lithosol developed on the shale while a calcareous loam to clay
loam regosol developed on the outwash material. Many of the
ridges have small drains (less than 100 feet wide) occurring on

Ficure 3. Typical landscape of the blue shale—l Ti upland range site with
e

many smooth moderately steep to steep 1i dges.
towards the south. Note the soil erosion in the foregroun

t}Jhotograph was taken
their slopes where a clay colluvial-alluvial soil developed.

The vegetative composition on the shale regosol is predominantly
big bluestem on the north exposure and western wheatgrass
(Agropyron smithii Rydb.) and sideoats grama on the south facing
exposure. On the outwash soil, the dominant grasses are blue
grama and sideoats grama. Meadow tall dropseed (Sporobolus
asper var. hookeri (Trin.) Vasey) is the dominant grass on alluvial-
colluvial soil which receives additional moisture from seepage along
the bedding planes of the shale. Big bluestem and sideoats grama
are the dominant grasses on the shale lithosol.
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Throughout this paper, soils 1 and 2 will refer to the regosolic
soils over the Blue Hill shale which occur on the south and north
exposures, respectively. The regosolic soil on the outwash ma-
terial is soil 3, and soil 4 will refer to the lithosolic soils on the
shale. Soil 5 will refer to the clay colluvial-alluvial soils.

The blue shale-limy upland range site is composed of three
separate range sites which are blue shale, limy upland, and clay
lowland. Soils 1 and 4 fit into the blue shale range site with soil 1

Ficure 4. The Blue Hill shale capped with several feet of calcareous outwash
material. The light colored section represents the outwash material.

being most typical. Soils 2 and 3 fit into the limy upland range
site with soil 3 being most typical. Soil 2 is considerably heavier
textured than normal for limy upland range sites; however, the
soil is calcareous and the vegetation is more typical of the limy up-
land. Soil 5 is included in the clay lowland range site. The range
sites are those described by the Soil Conservation Service, Salina,
Kansas.

The Soil Conservation Service, Hays, Kansas (unpublished data)
studied 1,290 acres to determine the percentage of each soil in the
blue shale-limy upland range site. The area studied is located in
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the W% and SEY of Sec. 30 and Sec. 31, T. 11 S, R. 16 W., the W’
of Sec. 25, T. 11 S, R. 17 W,, and portions of Sections 19 and 24,
T. 11 S., R. 17 W., Ellis County, Kansas. The area was divided into
ten separate study units (Table 1). The regosolic soils were not
separated as to exposure; so soils 1 and 2 are shown together.
Within each different soil area are inclusions of the other soils (less
than 15 percent) which were added or subtracted to give an average
percentage for each soil (Table 1). The average percentages of
each soil were 42.3, 22.8, 21.2, and 13.6 on soils 1 and 2, 3, 4, and 5,
respectively.
Soi CHARACTERISTICS
Soils 1 and 2

Soils 1 and 2 are Vertic Haplustolls of the very fine, montmoril-
lonitic, mesic family (U. S., 1967). They are developed from
Blue Hill shale and the soil depth to nearly unweathered, non-
calcareous, fissile shale was more than 20 inches. Soil 2 differs from
soil 1 by being developed more deeply and by being calcareous.
They differ from soil 3 by being more clayey textured and by being
developed from shale. They differ from soil 4 by being developed

TABLE 1.—Percentage of each soil in the blue shale-limy upland range site.

AREA Soils 1 and 2, Soil 3, Soil 4, Soil 5,
percent percent percent percent
28.7 3.6 50.0 17.7
62.0 22.0 6.2 9.8
43.6 13.1 9.7 33.6
51.0 11.8 21.9 15.3
69.0 17.7 6.3 4.7
56.0 23.4 14.2 6.4
17.6 8.2 48.0 25.9
39.8 11.7 28.8 19.6
16.0 16.0 60.0 8.0
34.0 25.0 25.0 16.0
44.0 15.0 25.0 16.0

Percent of inclusions in various soils.

159, Soil 3 none 159, Soil 1 159, Soil 1
and 2 and 2
5% Soil 3

Average percentage of each soil as a result of the inclusions.

42.2 22.8 21.2 13.6
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more than 20 inches over shale. They differ from soil 5 by being
developed from residual shale and by having more horizonation.

Soi. ProfFiLE Soi. 1 (Fig. 5)
Horizon Depth Description »

Al 0-6” Gray (N 5/) clay; very dark grayish brown (2.5Y 3/2)
when moist; moderate fine subangular blocky structure;
very firm when moist; very hard when dry; matrix noncal-
careous except for a few limestone fragments; some medium
and fine roots; many % to % inch cracks; clear smooth
boundary to:

AC 6-15"  Gray (N 5/) clay; dark grayish brown (2.5Y 3.5/2) when
moist; moderate medium subangular blocky structure; very
firm when moist; very hard when dry; matrix calcareous to
slightly calcareous; few minute to % inch limestone frag-
ments; some medium and fine roots; many % to % inch cracks;
some cracks filled with surface material; gradual smooth
boundary to:

Cl 15-29” Gray (5Y 5.5/1) clay; dark gray (5Y 4/1) when moist;
weak coarse subangular blocky structure; very firm when
moist; very hard when dry; matrix noncalcareous with a few
minute to % inch limestone fragments; few medium and
fine roots; many disorientated weathered shale fragments;
bedding planes evident in the lower portion of the horizon;
diffuse smooth boundary to:

R 29-48” Gray (5Y 6/1) noncalcareous, fissile Blue Hill shale; dark
gray (5Y 4/1) when moist; limonitic staining along joints
and bedding planes; roots penetrating to 37 inches, follow-
ing bedding plianes and joints; some gypsum along bedding
planes.

5. Unless specified moist, color refers to dry soil.

Range in characteristics. The color of the Al horizons was
neutral to 5/2 when dry and 3/2 to 3.5/2 when moist in hue 2.5Y.
The texture of the Al and AC horizons was clay with over 73 per-
cent clay (Table 2). In general, there was a slight increase from
the Al to the AC horizon and a slight decrease in clay from the
AC horizon to the C1 horizon. The AC horizons had a color of
neutral when dry and ranged in color from 3/2 to 3.5/2 when moist
in hues 2.5Y and 5Y. The soil matrix was noncalcareous to slightly
calcareous over acid shale. The depth to the Blue Hill shale ranged
from 21 to 29 inches. Limestone fragments were common in all
profiles, especially along old cracks which ranged from ¥ to % inch
in width. The surface is normally covered with a % to 1 inch gran-
ular mulch, clay in texture. Roots penetrated the soil to depths
ranging from 35 to 42 inches, and they followed bedding planes in
the R horizons. The Cl horizons had many disorientated flaky
shale fragments in its matrix. Gypsum crystals were common in
the C1 and R horizons. Due to the high clay content, moisture re-
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TABLE 2.—Particle size distribution, percentage of water at 15 atmospheres tension, and some chemical properties of three profiles

of soil 1.1
. . Percent Organic Avail. Exch.
PRroFILE lle?llte}l’ Horizon )%??gdt Sllt’nt (’la,‘g;;t water matter, P,0s K.,O pH
i I perce per¢ (15 atm) | percent 1b./acre lb./acre
) 0-4 Al 2.36 22 .00 75.64 22.3 1.5 18 500+ 7.7
1-11 AC 2.00 18.14 79.86 26.8 1.0 14 500+ 8.0
11-21 1 1.72 20.28 78.00 22,4 e e 7.12
21-48 R 0.58 21.92 T7.40 | e 5.22
2 0-6 Al 1.96 24.00 74.04 23.5 1.6 7 500+ 7.9
6-15 AC 1.80 21.08 77.12 25.1 1.1 6 500+ 7.8
15-29 1 0.56 26.00 73.14 270 | 7.2
29-48 R 0.00 30.42 69.58 | 5.22
3. 0-6 Al 1.82 25.00 73.18 24.1 2.2 25 500+ 7.6
6-15 AC 1.46 21.00 77.54 20.5 1.1 3 500+ 8.0
15-29 1 0.80 24.00 75.20 21.5 0.9 33 500+ 7.9
29-48 R 0.00 24.80 75.20 |.......... 0.6 33 500+ 5.3

1. Chemical determinations for organic matter, available P.O;, exchangeable K.O, and pH were conducted by the soil testing laboratory, extension crops
and soils, Kansas State University, Manhattan, Kansas.

2. Soil pH determined by author at Fort Hays Kansas State College, Hays, Kansas.
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Ficure 5. Soil profile of soil 1. Soil development occurs to the third marker,
which is approximately 30 inches from the top of profile. Note extensive crack-
ing in the upper portion of the profile.

tention percentages were high, ranging from about 21 to 27 percent
(Table 2). Organic matter content and available P,O, were low in
the Al and AC horizons while exchangeable K,O was high. The
percent organic matter decreased with depth. The Al, AC, and C1
were mildly to moderately alkaline over an acid R horizon.

Soi. ProFiLE Soil 2

Horizon Depth Description ¢

Al 0-6”  Dark grayish brown (10YR 4/2) silty clay; very dark brown
(10YR 2/2) when moist; moderate very fine subangular
blocky structure; firm when moist; hard when dry; calcareous;
many minute to % inch limestone fragments; some worm
casts; many medium and fine roots; few coarse roots; gradual
smooth boundary to:

AC 6-18” Gray (N 5/) clay; dark gray (N 3/) when moist; moderate
medium subangular blocky structure; very firm when moist;
very hard when dry; some minute to % inch limestone frag-
ments; some medium and fine roots; calcareous, few coarse
roots, gradual smooth boundary to:

Cl 1840 Gray (N 5/) clay; very dark grayish brown (2.5Y 3/2)
when moist; weak medium subangular blocky structure; very
firm when moist; very hard when dry; calcareous; few semi-
indurated lime concretions and soft spots of segregated lime;
few limonitic stains; few medium and fine roots; some dis-
orientated highly weathered shale fragments; diffuse smooth
boundary to:
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Horizon Depth Description ¢

C2 40-48” Gray (5Y 5.5/) clay; dark gray (N 4/) when moist; mas-
sive to platy structure; very firm when moist; very hard
when dry; noncalcareous; much partially weathered shale;
few roots following bedding planes; few limonitic stains;
diffuse smooth boundary to:

R 48"+ Gray (5Y 5.5/1) noncalcareous, fissile Blue Hill shale; dark
gray (5Y 4/1) when moist; limonitic staining along bedding
lanes; roots penetrating to about 50 inches, following bed-
(piing planes and joints; some gypsum along bedding planes.
6. Unless specified moist, color refers to dry soil.

Range in characteristics. The thickness of the Al horizons ranged
from 6 to 10 inches and the color ranged from neutral to 4.5/2 when
dry and from 2/2 to 3/2 when moist in hues 10YR and 2.5Y. The
texture ranged from silty clay to clay and there was generally at
least an 18 percent difference in clay content from the Al to the
AC horizon (Table 3). All the other horizons, including the AC
horizon, contained over 70 percent clay with the sand fraction being
predominantly limestone. Color of the AC horizons was neutral
when dry and ranged from neutral to 3.5/2 when moist in hue 2.5Y.
The color of the C horizons was neutral when dry and ranged from
neutral to 4/2 when moist in hues 2.5Y and 5Y. Depth to acid Blue
Hill shale was 48 to over 50 inches and the soil was calcareous.
Some cracks occurred within all profiles and ranged from % to %
inch wide in the first 20 inches. Some semi-indurated lime concre-
tions and soft spots of segregated lime occurred in the C horizons,
and some limestone fragments were common throughout the profile.
Crystals of gypsum were common along bedding planes of the C2
and R horizons. Roots penetrated the soil to depths of more than
50 inches. The C2 horizons had many disorientated flaky shale
fragments. Moisture retention percentages were high, ranging from
about 23 to 26 percent (Table 3). Organic matter content and
exchangeable K,O were high while available P,O, was very low.
All profiles were mildly to moderately alkaline over acid shale.

14
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TABLE 3.—Particle size distribution, percentage of water at 15 atmospheres tension, and some chemical properties of several profiles

of soil 2.1

. . : Percent Organic Avail. Exch.
ProFILE Ii?]?l)]te};’ Horizon rf::?g{t pg'l({z’n t pg’:ggﬁ ¢ water matter, P,0; K.O pH
: (15 atm) | percent lb./acre Ib./acre
T i 0-9 Al 4.00 27.56 68. 44 22.6 2.7 5 500+ 7.7
9-20 AC 1.00 26.38 72.62 25.2 1.8 1 500+ 7.9
20-35 Cl 1.22 24.78 74.62 24.2 1.4 1 500+ 7.9
35+ C2 0.44 24.56 75.00 | 7.02
2. 0-10 Al 10.56 38.9¢ 50.50 .
10-19 AC 2.05 23.77 THA8 |
19-35 1 1.76 20.24 78.00 |.....ooli
35-48 2 1.00 26.42 7258 |
18+ R 0.00 32.00 68.00 |........ e
3o 0-6 Al 13.50 40.06 46.44 24.7 4.2 1 500+ 7.7
6-18 AC . 8.51 26.40 70.20 25.3 2.0 0 500+ 7.9
18-40 1 | 2.00 20.76 77.24 237 e 7.62
40-48 2 ‘ 1.06 20.94 7806 ... . i 7.12
1
oo 0-6 Al . 16.04 39.26 41.70 26.2 3.7 3 500+ 7.7
6-17 AC 8.51 29.04 62.42 25.4 2.2 1 500+ 8.0
| 17-35 1 1.00 25.74 73.26 220 oo 7.62
35-50 2 1.40 27.94 7066 |.... ...l 7.12
|

1. Chemical determinations for organic matter, evailable P.O;, exchangeable K.O, and pH were conducted by the soil testing laboratory, extension crops
and soils, Kansas State University, Manhattan, Kansas.

2. Soil pH d:termined by author at Fort Hays Kansas State College, Hays, Kansas.



Soil 3

Soil 3 is a Typic Haplustoll of the fine loamy, mixed, mesic family
(U. S., 1967). It is a calcareous clay loam soil developed from
calcareous local outwash from limestone and other plains sediments.
They differ from the neighboring shale soils by being considerably
more loamy and by not being developed from shale or colluvial-
alluvial sediments from the shale.

Sow. ProrFiLE SoiL 3 (Fig. 6)
Horizon Depth Description

Al 0-8”  Dark grayish brown (10YR 3.5/2) loam, very dark brown
(10YR 2/2) when moist; moderate fine granular structure;
friable when moist; slightly hard when dry; calcareous; many
minute to 4 inch limestone fragments; many medium and
fine roots, porous; many worm casts; clear smooth bound-
ary to:

AC 9-15”  Grayish brown (10YR 5/2) clay loam; very dark grayish
brown (10YR 3/2) when moist; moderate fine granular
structure; friable when moist; slightly hard when dry;
strongly calcareous; many minute to % inch limestone frag-
ments; some fine threads of segregated lime; porous; many
worm casts; some medium and fine roots; gradual smooth
boundary to:

ACca  15-25”  Pale brown (10YR 6.5/3) clay loam; yellowish brown ( 10YR
5/4) when moist; moderate very fine subangular blocky
structure; friable when moist, hard when dry; strongly cal-
careous; many minute to 4 inch limestone fragments; many
soft and semi-indurated lime concretions; some spots and
threads of segregated lime; some worm casts; porous; dif-
fuse smooth boundary to:

Cl 254 Very pale brown (10YR 7/4) clay loam; yellowish brown
(10YR 5/6) when moist; weak coarse prismatic structure;
friable when moist; hard when dry; strongly calcareous;
many minute to % inch limestone fragments; few soft lime
concretions; few spots of segregated lime; few fine roots.

7. Unless specified moist, color refers to dry soil.

Range in characteristics. The thickness of the Al horizons
ranged from 5 to 8 inches. The color of the Al horizons ranged
from 3.5/2 to 4/2 when dry and from 2/2 to 2.5/2 when moist in
hue 10YR. The texture of the Al horizons was dominantly loam
and the AC and C horizons were clay loams (Table 4). The IIC
horizons were heavier primarily due to weathered shale. The AC
horizons ranged in color from 5/2 to 6/2 when dry and from 3/2
to 3.5/2 when moist in hue 10YR. Color of the ACca and C1 hori-
zons ranged from 6/3 to 7/4 when dry and from 4/3 to 5/6 when
moist in hue 10YR. The soils were calcareous to the surface and
contained soft and semi-indurated concretions along with spots of
segregated lime. Moisture retention percentages ranged from about
17 percent in the Al horizons to about 11 percent in the C1 horizons
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TABLE 4.—Particle size distribution, percentage of water at 15 atmospheres tension, and some chemical properties of four profiles
of soil 3.1

. : Percent Organic Avail. Exch.
ProriLE I_)e.pth, Horizon Sa.?d, Silt, Clay, water matter, P,0; K,O pH
inches percent percent percent (15 atm) | percent Ib. /acre Ib. /acre
... ... 0-5 Al 26.70 47 .42 25 .88 17.3 3.2 1 500 7.9
5-10 AC 25.56 44.96 29 .48 11.5 2.6 6 246 7.9
10-25 ACca 39.38 30.48 29.78 9.1 | 7.82
25-40 1 12.48 39.66 5214 | .. 7.82
40+ 1IC 1.05 19.89 79.06 |........ o 7.82
2 0-8 Al 26.02 49.04 24.94 17.6 2.8 1 404 7.9
8-15 AC 27.28 43.14 29 .58 16.1 1.8 2 215 8.0
15-25 ACea 21.02 43 .54 35.44 13.8 1.3 14 257 8.0
25-50 1 24.02 37.04 38.94 10.6 1.0 21 5004 8.2
3. 0-6 Al 26 .26 49.30 24 44 18.0 3.3 2 480 7.9
6-13 AC 26.28 44 .00 29.72 16.5 3.3 11 295 8.0
I 13-23 ACea 23.10 40.18 36.72 11.5 oo 8.12
‘ 23-50 1 19.10 41.18 39.72 1.1 | 7.82
4o 0-6 Al 17.70 42 .86 39.44 16.8 | oo 7.82
6-13 AC 18.30 38.26 43.44 13.8 | 7.92
13-21 1 19.30 35.26 45.44 | 7.82
21-48 11C 7.30 11.64 75.30 | o e

1. Chemical determinations for organic matter, available P.O;, exchangeable K.O, and pH were conducted by the soil testing laboratory, extension crops
and soils, Kansas State University, Manhattan, Kansas.
2. Soil pH determined by author at Fort Hays Kansas State College, Hays, Kansas.



the dark colored Al horizon which is about 10 inches. The light colored spots
in the lower portion of the profile are limestone fragments and lime concre-
tions.

(Table 4). Even though the texture increased with depth, the
moisture percentages decreased with depth. Organic matter of the
Al and AC horizons was high and decreased with depth. Avail-
able P,O, was very low and exchangeable K,O was high. The
horizons were mildly to moderately alkaline throughout the profiles.

Soil 4

Soil 4 is a Typic Haplustoll of the clayey, montmorillonitic, mesic,
shallow family (U. S., 1967). They are developed from Blue Hill
shale and are less than 20 inches thick over the shale. They differ
from soils 1 and 2 by having less than 20 inches of soil development
over shale. Soil 3 is developed from loamy outwash and is less
clayey textured and soil 5 is developed from clayey colluvial-alluvial
sediments.

Range in characteristics. Thickness of the Al horizons ranged
from 6 to 10 inches. Color of the Al horizons was neutral when
dry and ranged from neutral to 3/2 when moist in hue 5Y. Texture
of all horizons was clay, containing over 73 percent clay (Table 5).
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