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SOIL SURVEY OF JEWELL COUNTY. 

DESCRIPTION OF THE AREA. 

Jewell county is situated on the north line of Kansas midway 
between the east and west boundaries. The county is thirty 
miles square and comprises 900 square miles, or 578,840 acres. 

DRAINAGE. 

The Republican river and its tributaries on the north, and the 
tributaries of the Solomon river on the south, make up the main 
drainage systems. The largest tributary of the Republican river 
is White Rock creek which passes in an easterly direction entirely 
across the north central part of the area. The eastern and 
southern parts are drained by a number of streams, of which the 
largest are Buffalo, East and West March, Limestone, West 
Limestone, and East Oak creeks. In dry seasons these stream 
beds are empty, and there are times when the Republican river 
carries the only running water in the county. South of Ionia, 
Jewell, and Randall the country is flat to gently rolling. Small 
streams are less numerous and drainage is not so good. 

Broadly speaking, the surface of the county presents three 
general physiographic divisions, the outlines of which mark the 
boundaries of the various soil groups. First, the high plateau 
and deeply eroded plains which cover the northern and central 
parts of the county; second, the level or gently sloping plains which 
lie two or three hundred feet below the high plateau and bound 
that division on the east and south; and third, the numerous 
valleys. 

CLIMATE. 

Table I shows an annual precipitation of 26.8 inches. This is 
favorably distributed for the growth of crops, nearly three-fourths 
of it falling during the five months from April to August, inclusive, 
and nearly one-third during June and July. There is, however, 
a wide variation in the total amount of rainfall for the driest and 
wettest years. Because of the relatively high temperature and 
the dry condition of the atmosphere due to  the prevalence of hot, 
burning winds, evaporation is rapid and much care is necessary 
to prevent the loss of moisture during the growing season. 
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SOILS. 
The soil of Jewell county fall naturally into four general 

groups: (1) Residual soils or those derived from the underlying 
rocks; (2) loessial soils or those formed from the weathering of
wind-blown deposits; (3) soils of mixed loessial and residual origin; 
and (4) alluvial soils or those laid down by streams. 

The oldest geological formation contributing to the soils of this
county consists of slate-colored shales, known as the Graneros 
shales. This material weathers into soft, thin flakes and then 
into dark, heavy clay, The formation is exposed only on steep, 
eroded hillsides and has given rise to the rough broken land. 

Overlying these shales are several beds of limestone. The 
first of these consists of a massive bluish-gray limestone with an 
average thickness of about fifteen feet. The second bed consists 
of several layers of hard-grained limestone separated from one 
another by thin beds of shale and having a total thickness of
about ten feet. The third, which is known as the fence-post bed, 
is a capping of limestone about nine inches thick. Above the 
limestone occur beds of light-colored shales and thin layers of 
limestone. Together these four formations have given rise to the 
Benton stony loam and a deep phase of this type. 
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Along the south slope of the White Rock creek and in a few 
places in the southern part of the county erosion has exposed a 
formation of chalk, soft limestone, and shales. In the former 
location this has given rise t o  a dark-colored soil which has been 
classified as the Benton silty clay loam, while in the southern part 
of the county its weathering in the presence of iron has given a 
type with a yellow subsoil, which has been classified as the Bel- 
videre silt loam. 

Overlying these formations and covering a large portion of the 
county is a deposit of loess. It is composed of light yellowish- 
brown silt and very fine sand, varying greatly in depth in different 
parts of the county. In the northeastern part, where the county 
consists of a high, level divide, its depth probably exceeds one 
hundred feet; but in the central part, where the county is con- 
siderably eroded, much of it has been washed away and on the 
slopes it has disappeared entirely. In weathering, it has given 
rise to two important groups of soils-the Colby and the Jewell
series. 

The bottom or alluvial soils may be grouped into three separate 
series whose types are marked by distinct characteristics. The 
Lincoln series includes the dark-colored types not subject to over- 
flow. The other two groups of alluvial soils, Sarpy and Laurel, 
are found in the bottoms of the Republican river and are each 
subject to  overflow. 

Table II gives the names and extent of the several types mapped 
in Jewell county.

IET n/a




Colby Series. 
The Colby silt loam, Colby silty clay loam, and Colby very fine 

sandy loam, with two phases of the silt loam, comprise about 
seventy percent of the total area of the county. The soils of this 
series owe their origin to the weathering of the loessial material 
which covers the greater part of the county. The topography 
ranges from quite rolling to  level, the silt loam occupying the 
more level areas. 

COLBY SILT LOAM. 

The surface soil of the Colby silt loam consists of a brownish- 
gray to dark grayish-brown silt loam containing a very small 
amount of very fine sand and a high content of organic matter. 
The subsoil is usually made up of two distinct layers, the upper 
of which is a grayish-brown to reddish-brown compact silty clay 
loam, becoming lighter in color and texture with increasing depth. 
The lower layer is a pale yellowish-gray, mealy, unaltered loess. 

The depth of the surface soil varies with the topography and 
degree of weathering, ranging from five to ten inches on the slopes 
and from eight to twenty inches on the level areas. As a rule, the 
soil contains enough clay to give it a slightly compact structure 
when wet, and on drying a slight crust often forms on the surface. 
The soil is usually well supplied with lime throughout, while the 
deep subsoil frequently contains white lime concretions from one- 
half to three or four inches in diameter. 

The type as a whole is friable and easily worked, and a fairly 
good tilth can be maintained with very little difficulty. However, 
in a few instances small spots occur where the compact layer im- 
mediately below the surface has become so hard as to be called 
“hardpan.”

The greater part of the type has sufficient slope to insure good 
surface drainage. In the more hilly areas drainage is excessive 
and erosion is proceeding a t  a rapid rate. 

HEAVY PHASE. The Colby silt loam, heavy phase, is closely 
associated with the Colby silt loam, the chief point of difference 
being that the former has a finer, smoother silt loam surface; a 
slightly heavier, deeper, and darker colored subsoil; a lower 
elevation; and a more uniformIy level topography. This phase 
is an extensive soil in the southern and eastern parts of the county. 
It occurs in many small bodies of very irregular outline and con- 
stitutes about one-half of the gently rolling country which lies 
between the general level of the hills. 
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The surface of this phase ranges from fairly level to gently un- 
dulating. Because of the level topography, the drainage is im- 
perfectly developed, though the slope is usually sufficient to 
remove any excess water. The heavy phase of the Colby silt loam 
is one of the most popular soils in the county, outside of the valleys, 
because of its loose, mellow surface and wide crop adaptation. 

LIGHT PHASE. The Colby silt loam, light phase, is an inter- 
mediate soil between the silt loam on one hand and the very fine 
sandy loam on the other. Since it occurs as a narrow strip between 
these two types, the texture varies considerably. In general, 
however, it consists of about twelve inches of a brownish-gray 
loam, resting on a layer of light gray or yellowish-gray compact 
silt clay loam. At an average depth of about twenty-four inches 
there occurs a light yellowish-gray friable silt loam, which passes 
a t  three or four feet into a thick bed of light gray fine sand. The 
type has a mellow, easily worked surface, a n d  because of the 
heavy subsoil is fairly retentive of moisture. It is deficient in 
organic matter. 

The light phase of the Colby silt loam is not an extensive type, 
and is found near the bluffs of the Republican valley in the north- 
eastern corner of the county. The greater part of it has a moder- 
ately level t o  gently sloping topography as it occupies the drain- 
age divide between White Rock creek and the Republican river. 
The drainage is excellent. 

Table IIII gives the results of mechanical analysis of typical 
samples of the soil, subsoil, and lower subsoil of the Colby silt 
loam. 

COLBY SILTY CLAY LOAM. 

The surface soil of the Colby silty clay loam consists of grayish- 
brown or brownish-gray silt loam or silty clay loam with an 
average depth of about four inches. The subsoil consists of two 
distinct strata. The upper one, extending to about twenty-four 
inches, is made up of grayish-brown t o  slightly reddish-brown 
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compact silty clay loam; the lower one of lighter colored un- 
weathered loess. This deep subsoil material usually consists of 
light yellowish-gray, friable silt loam carrying a small amount of 
clay and very fine sand. 

Although no large bodies of the Colby silty clay loam are found, 
the type is widely distributed and the aggregate covers a con- 
siderable proportion of the county. I t  is most extensively de- 
veloped in the hilly section east of Mankato, though it is found in 
smaller bodies along nearly every draw in the county. 

The topography of the greater part of the type ranges from 
gently sloping to quite steep. Usually the areas occur along the 
sides and around the heads of draws, but frequently they extend 
over the narrow ridges and up onto the high level plateaus. 
Because of its sloping position, the soil is subject to considerable 
erosion, and much care is necessary in cropping to prevent its 
further washing. The type is not an easy one to work, and unless 
thoroughly cultivated is apt to suffer from drouth. 

Table IV gives the results of mechanical analysis of samples of 
the surface soil, subsoil, and lower subsoil of this type: 

COLBY VERY FINE SANDY LOAM. 

The surface soil of the Colby very fine sandy loam from ten to 
twenty-four inches in depth consists of grayish-brown to light 
brownish-gray very fine sandy loam containing a relatively high 
percentage of silt. The subsoil t o  thirty-six inches consists of a 
yellowish-gray to buff-colored silt loam carrying a small amount 
of very fine sand. 

The type is not very extensive; being found in only one con- 
tinuous strip about one-half to one mile in width on  the slopes 
leading down into the Republican valley in the northeastern 
corner of the county. A few narrow strips of this body extend 
south along the deep erosions, but in no case is the type found 
more than two miles from the river bottoms. 
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The Colby very fine sandy loam is a loessial soil, formed largely 
by the weathering of fine materials which have been blown from
the sandy soils in the Republican river valley. The surface is
sloping to quite steep, though only on the sides of the draws is it
too steep for cultivation. Because of the steep topography, drain- 
age is sometimes excessive. The soil is easy to cultivate and re- 
tains moisture throughout the growing season, making it well 
suited to crops which mature early. I t  is, however, deficient in 
humus. 

Jewell Series. 
The origin of the Jewell series, which occurs in small bodies 

throughout the southern part of the county, has not been definitely 
determined, but is thought to be due to an intermingling of the 
same loessial material that gives rise to the Colby soils with. 
residual material from the underlying shales. 

This series, which is made up of the Jewell silt loam and Jewell
silty clay loam, makes up but a very small portion of the county. 

JEWELL SILT LOAM. 

The surface soil of the Jewell silt loam consists of dark grayish- 
brown to medium grayish-brown smooth silt loam carrying a 
relatively large amount of organic matter and extending to a 
depth of ten to twelve inches. The subsoil is made up of two or 
more layers. The upper one, extending from twelve to twenty 
inches, consists of dark grayish-brown silty clay or silty clay loam, 
Below this lies a tough, compact layer of silty clay, varying in 
color from gray to blackish-brown. When wet this is very sticky 
and plastic, and on drying becomes brittle and impervious like 
hardpan. At a depth of twenty to thirty inches the compact layer 
grades into light gray or mottled friable silt loam or silty clay 
loam. 

The greater part of the Jewell silt loam has a level topography.
The soil is easily cultivated and in ordinary years is said to retain 
moisture a little better than the more elevated upland types. 
The results of this type depend very much on the character of rain- 
fall. In favorable years excellent yields are secured, but owing 
to the impervious subsurface soil the deep subsoil is seldom wet 
except in the rainiest years. 

The results of mechanical analysis of samples of the soil and 
subsoil of this type are given in Table V. 
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JEWELL SILTY CLAY.

The JewelI silty clay consists of ten to twelve inches of dark 
gray to grayish-brown silty clay. At an average depth of twenty- 
four inches the subsoil grades into light gray or white silty clay 
containing a small amount of lime and slightly marked with red- 
dish-brown iron stains. When wet the soil is sticky and plastic, 
and in this condition is very hard to work. 

The surface drainage of the type is good, but the compact 
structure of the subsoil retards the downward passage of the 
water. Because of this and the plastic nature of the surface soil, 
the greater part of the type is still in pasture. 

Mechanical analysis of samples of the soil and subsoil of the 
Jewell silty clay gave tho following results: 

Belvidere Series. 

BELVIDERE SILT LOAM.

The surface soil of Belvidere silt loam ordinarily consists of 
eight to sixteen inches of grayish-brown to dark brown heavy 
silt loam, with an average depth of twelve inches, Small flakes 
of gray or yellow shale are sometimes found throughout the soil. 
The subsoil to a depth of thirty-six inches ranges from an ocherous- 
yellow friable silt loam, closely approaching a silt, t o  a light- 
textured silty clay loam. This soil is always heaviest on the 
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slopes. In such places erosion has carried away the dark silty 
soil, leaving the yellow silty clay loam exposed. 

The Belvidere silt loam is one of the less extensive soils in the 
county. It occurs on the moderate slopes in the eastern and 
southern parts of the county. 

This soil is residual in origin, being formed from the weathering 
of gray to yellow calcareous shale of the Cretaceous period. 

Benton Series. 
The Benton series consists of the Benton silty clay loam, the 

Benton stony loam, and a deep phase of the Benton stony loam. 
The  soils of this series are residual in origin, being derived from 
limestone and shale. The topography ranges from sloping to hilly. 
The series usually occupies the position between the lowland or 
bottom soils and the upland soils as the Colby series. 

BENTON SILTY CLAY LOAM. 

The surface soil of the Benton silty clay loam consists of eight 
t o  twelve inches of brownish-gray to dark brown silty clay loam, 
with a high content of organic matter, underlaid by a brownish- 
gray silty clay loam. At a depth of about twenty-four inches the 
material becomes lighter in color and texture, and at thirty-six 
inches there is usually found a light yellowish-gray friable silty 
clay loam containing numerous small particles of lime. Below 
this the material passes gradually into marl, chalk, or clay, which 
is frequently near the surface on the upper slopes and causes light 
gray spots in the fields. In all cases the soil is loose and easy to 
cultivate, while its high organic-matter content gives it a higher 
water-holding capacity than is usually found in types of such 
porous subsoil. This soil is of comparatively small extent, being 
found mostly on the slope along the south side of White Rock 
creek. 

In the lower parts of the slope the surface contains considerable 
material that has been washed down from the higher soils, and on 
its upper boundary more or less loessial material has been added 
t o  the soil. Under the influence of lime and a favorable moisture 
supply a great deal of organic matter has accumulated, to which the 
color of the soil is due. 
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The following Table VII gives the results of mechanical analysis 
of samples of the soil and subsoil of the Benton silty clay loam: 

BENTON STONY LOAM. 

The surface soil of the Benton stony loam, ranging in depth 
from three to ten inches, consists of dark brown loam or silt loam 
carrying a high admixture of white calcareous shales and small 
fragments of partially disintegrated limestone. The subsoil, 
when any is present, consists of light brownish-gray or yellowish- 
gray silty clay loam which soon passes into limestone fragments. 
Frequently the soil covering is very shallow and a stratum of 
limestone is found from one to two feet below the surface. 

This type represents the area of rough stony land adjoining 
the streams that have cut into the underlying shales and lime- 
stones. Areas are found along nearly all the streams and draws 
in the eroded section of the south central and eastern parts of the 
county. The largest bodies are found skirting the uplands south 
of the White Rock creek. Usually the topography is steep and 
precipitous along the larger streams, but away from the streams 
it becomes more gentle and joins the upland types in gentle slopes. 

The type is excessively drained and the character of the sur- 
face is such that erosion is rapidly exposing additional areas of 
the underlying rock. The Benton stony loam is too rough and 
stony to be of use for cultivated crops. 

DEEP PHASE. The Benton stony loam, deep phase, is closely 
associated with the main type. The chief points of difference are 
that the phase has a deeper soil with less limestone in the subsoil, 
and a somewhat more level topography. It is, therefore, a little 
better adapted to cultivated crops. 

This phase occurs in narrow strips along nearly all of the draws 
in the south central part of the county. Many of the areas are 
of such small extent or so closely associated with the main type 
that no attempt was made to separate them on the map. 
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ROUGH BROKEN LAND. 
The rough broken land, occurring on the sides of steep slopes 

where erosion is active in removing the material, is naturally a 
type of considerable variation. Typically, it consists of steel- 
gray t o  bluish-black, heavy, plastic clay resting on mottled black 
and yellow heavy clay of sticky, compact structure. At varying 
depths, depending on the state of weathering and the rapidity of 
erosion, the clay grades into beds of bluish-black or slate-colored 
shale. Sometimes the shale is found outcropping on the surface. 

The rough broken land is an unimportant soil, occurring only 
in narrow strips on steep, eroded hillsides. I t  is a residual soil 
derived from the weathering of slate-colored shales. Where the 
hills are not too steep they support a good growth of native grass. 
None of this soil is under cultivation, as its rough and broken 
topography prevents it from being used for cultivated crops. 

Lincoln Series. 
The Lincoln series includes the dark-colored types of bottom- 

land soils not subject to overflow. They are found along every 
stream in the county except the Republican river and constitute 
the most valuable soils in this section of the state. The types are 
composed of reworked loessial material, of which the greater part 
has been carried in from near-by upland plains. The series has a 
nearly level, terrace-like topography, with a slight fall in the 
direction of the streams. Usually the slope is sufficient to provide 
good drainage, though some of the heavier and depressed areas are 
in need of tiling. Four types and two phases were mapped, 
ranging from very fine sandy loam to heavy clay. 

LINCOLN VERY FINE SANDY LOAM. 

The Lincoln very fine sandy loam has a surface soil ranging 
from a medium to light brownish-gray silty very fine sandy loam 
to brownish-gray very fine sandy loam containing a high content 
of rather coarse silt. At an average depth of about twelve inches 
the material grades into slightly lighter colored silty very fine 
sandy loam, which passes into a layer of light gray coarse silt and 
very fine sand a t  thirty inches. The presence of the fine sandy 
material gives a loose mellow surface which permits of cultivation 
under a wide range of moisture conditions. In a few instances, 
small spots are encountered in the fields where the surface soil 
enters upon a compact layer of gray silty material. During long 
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periods of drouth this material dries and bakes into a condition 
resembling hardpan. On such spots crops suffer from drouth. 

This is an inextensive type, occurring in narrow strips from 
one-eighth to one-fourth mile in width along the immediate bank 
of White Rock creek. 

LINCOLN SILT LOAM. 

The surface soil of the Lincoln silt loam to an average depth 
of twelve inches consists of dark brown to brownish-gray silt loam 
with a high percentage of organic matter. The subsoil consists 
of two distinct layers, the upper one being a brown to dark brown 
silty clay loam of compact structure, which grades a t  about thirty 
inches into light grayish-brown or brownish-gray friable material 
of somewhat lighter texture. 

Throughout the greater part of the type the high content of 
organic matter renders the type friable and easily worked, though 
in a few cases where the soil is shallow it becomes rather hard and 
compact when dry. This is one of the most productive soils in the 
county and is well adapted to all crops grown in this part of the 
state. 

COLLUVIAL PHASE. The Lincoln silt loam, colluvial phase, is a 
medium to  heavy silt loam with a high content of organic matter. 
When dry the color is a dark brownish-gray to brown, but when 
wet it becomes dark brown. At an average depth of fifteen 
inches the soil grades into a light brownish-gray friable silt loam 
containing a small amount of very fine sand. A layer of brown t o  
dark brown compact silt loam containing considerable clay usually 
occurs a t  from twenty to thirty inches, and below this material the 
friable silt loam is again found. 

This phase is a widely distributed soil, being found in narrow 
strips along nearly all the smaller streams in the county. The 
phase is very closely associated with the main type and in many 
cases the mapping of each includes small bodies of the other. In 
formation this phase is largely colluvial, as it occurs chiefly along 
the streams where water flows rapidly after heavy rains and 
carries to lower levels most of the materials cut from the hills. 
The materials which make up the soil are, therefore, chiefly those 
which have been washed down from adjacent slopes rather than 
those left by overflowing streams. 
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The position of this soil in relation to the upland types resuIts 
in its receiving much of the water drained from these soils. This 
greatly improves its moisture condition. Because of the high 
organic content it is fairly friable and easily worked. 

SANDY SUBSOIL PHASE. The soil of the Lincoln silt loam, sandy 
subsoil phase, to an average depth of about twelve inches consists 
of a friable silt loam containing a small amount of very fine sand 
and a high content of organic matter. When the soil is dry the 
color ranges from dark gray to brownish-gray, but when wet it is 
dark brown or black. The subsoil is a light brownish-gray silt 
loam of slightly heavier texture than the soil, which grades a t  
about eighteen inches into light grayish-brown silty very fine sandy 
loam. Below this, alternating layers of light and dark colored 
sandy material extend t o  depths of thirty to fifty feet. 

This phase is limited in extent, being confined to comparatively 
small bodies within the valley of White Rock creek. It is very 
productive, easily worked, and well adapted to a wide range of 
crops. 

LINCOLN SILTY CLAY LOAM. 

The Lincoln silty clay loam consists of twelve inches of dark 
brownish-gray silty loam overlying material of about the same 
texture but lighter color. At twenty to twenty-four inches the 
subsoil grades into gray to light brownish gray silty clay loam. 
When wet the soil is sticky and plastic, and in this condition is 
very difficult to work, but owing to  the presence of large quantities 
of organic matter it becomes friable and mellow under cultivation. 
If thoroughly worked it holds moisture well, but if allowed t o  
become too dry the surface bakes and cracks and evaporation is 
rapid. 

The type is found in small areas along nearly all the larger 
streams in the county. It lies away from the streams and near the 
base of the hills, and usually occupies a slightly depressed position 
with respect to the other Lincoln types. 

Because of the difficulty of preparing the land and the tendency 
of the soil to bake in the spring, it is often a hard matter to secure 
a good stand of corn. When properly drained the soil is well 
adapted t o  alfalfa. 

LINCOLN SILTY CLAY. 

The Lincoln silty clay varies somewhat with location and mode 
of formation. Immediately under the bluffs, where the soil is 
largely formed by the wash from the heavy clay of the rough 

IET n/a




broken land, it consists of eight to ten inches of heavy dark 
brownish-gray clay, with a slightly bluish cast, grading into dark 
gray compact clay containing a few small particles of shale and 
lime. At an average of twenty-four inches the subsoil grades into 
a dark brownish-gray compact silty clay loam with a rather high 
content of lime. Farther out in the bottom, where the type is more 
largely sedimentary in origin, the soil is more uniformly dark gray 
t o  black, and grades at a depth of ten inches into heavy clay loam 
or silty clay of dark gray color which is sometimes mottled with 
brown. In these locations the lime and small particles of shale 
are usually entirely absent. When wet the soil is sticky and plastic, 
and upon drying it becomes baked and hard. It is a difficult soil to 
work unless handled when in the proper condition with respect to  
moisture. 

The type is both alluvial and colluvial in formation. Because 
of its flat surface and its relatively low position with respect to 
the other Lincoln soils, which separate it from the streams, the 
drainage of the type is frequently deficient. 

The following Table VIII gives the results of mechanical analysis 
of samples of the soil and subsoil of the Lincoln silty clay: 

Laurel Series. 
The Laurel series, which comprises the Laurel fine sand and 

Laurel fine sandy loam, makes up the light-colored sandy soils 
and subsoils found in the bottoms of the Republican river. These 
soils are of alluvial formation and are subject to overflow. They 
have a level t o  dune-like topography, are deficient in organic 
matter, and unless protected are subject to blowing. 

LAUREL FINE SAND. 

The Laurel fine sand consists of about twenty inches of gray 
fine sand of loose, open structure. The subsoil is a light gray fine 
to medium sand, very loose and incoherent. In some places a
small area of black silty clay loam an inch or less in thickness is 
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found between the soil and subsoil. The soil is made up chiefly 
of clean quartz and contains very little organic matter. 

The Laurel fine sand is found within the larger bands of the 
Republican river. Owing to the tendency of the soil to drift very 
little of it is cultivated, and in its present condition has very little 
agricultural value. 

LAUREL VERY FINE SANDY LOAM. 

The surface soil of the Laurel very fine sandy loam consists 
of light gray to brownish-gray very fine sandy loam with an 
average depth of about twelve inches. The subsoil to twenty-four 
inches consists of yellowish-gray fine sandy loam containing a 
small amount of silt and clay or light gray fine to very fine sand. 
Below this depth it is nearly always light gray sharp fine sand. 
At varying depths throughout the subsoil occurs a stratum of dark 
heavy silt or silty clay loam one to two inches in thickness. 

Although the surface soil contains considerable silt, i t  is loose 
and friable of structure and easy to cultivate. The surface is level 
and all of the type is subject to overflow. In some of the poorly 
drained, areas a small amount of salt is found, but the affected 
areas are of small extent. 

Sarpy Series. 
The soils of the Sarpy series are of very small extent and com- 

prise the dark-colored surface soils containing considerable organic 
matter and light-colored sandy subsoils of the Republican river 
valley. These soils are of low, flat topography, subject to frequent 
overflow. They are lower than some of the soils which separate 
them from the river, and therefore have poor drainage. 

SARPY SILT LOAM. 

The soil of the Sarpy silt loam consists of twelve to fourteen 
inches of brownish-gray to brown silt loam containing a small 
quantity of fine sand and considerable organic matter. The sub- 
soil over the larger part of the type consists of fourteen to thirty- 
six inches of light brownish-gray to yellowish-gray silty very fine 
sandy loam. In places the subsoil consists of twelve to eighteen 
inches of black silty clay loam resting on clean gray sand which 
extends to a depth of several feet. 
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Only five small bodies of this type, with a combined area of less 
than a square mile, are found in the county. They occur as narrow, 
shallow depressions which wind through the areas of lighter- 
textured soils. 

SARPY SILTY CLAY LOAM. 

Since the Sarpy silty clay loam is associated with long-aban- 
doned channels of the Republican river, it is a type with very 
little uniformity in texture. In places it consists of ten t o  twelve 
inches of brownish-gray to brown silty clay loam containing a 
small amount of very fine sand, and in other places it consists of 
sixteen inches of dark brownish-gray heavy clay loam carrying a 
large amount of organic matter. The subsoil usually consists of 
light gray fine sandy loam cut by one or more thin layers of dark 
silty clay. In some places a gray sharp sand of fine to  medium 
texture begins at  twenty-four inches, continuing downward for 
several feet. 

The type is of little importance as its total area in the county is 
only about a square mile. The areas occurring near White Rock 
creek occupy a slight elevation and are well drained. They are 
under cultivation, while the areas in the Republican river valley 
are covered almost entirely with growths of trees, weeds, and 
grasses. 

Meadow. 
Meadow comprises the low-lying areas along streams which are 

subject to frequent overflow and which are so varied in texture 
that a strictly textural separation is impracticable. The soils 
range from silty fine sandy loam to silty clay loam. The color 
ranges from brown in the light-textured areas to black where the 
texture is heavy. The subsoil is even more variable than the soil, 
ranging from a fine sandy loam to clay. 

This type is formed of material deposited by successive over- 
flows and represents parts of the present flood plain of the stream. 
I t  lies from twelve t o  twenty-five feet below the other valley soils 
and from ten to twenty feet above the stream bed. 

Salty Marsh. 
Salty marsh differs from the land mapped as meadow and other 

alluvial soils in that it carries injurious quantities of salt. The 
soil has little uniformity either in texture or color, the surface soil 
ranging from gray silt loam or fine sandy loam to a fine sandy clay 
or clay loam. Near the stream channel it  is frequently a black 
heavy clay which is very slippery and plastic when wet. 
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The type is found only along the streams in the eastern part of 
Vicksburg township. Its area in the county is small, being about 
512 acres. Owing to the accumulation of salt, largely sodium 
chloride, the type is unfit for cultivated crops. 

CHEMICAL ANALYSIS OF SOIL TYPES IN JEWELL 
COUNTY. 

The detailed report of the chemical analysis of soil types in 
Jewell county is give in the tables in the Appendix. The grouping 
is made with reference to the classifications of types used in the soil 
survey. The table gives the location where each sample was taken, 
the type as given in the soil survey, and the percentage of plant- 
food elements found in the different types. None of these soils 
were acid. In Table IX are given the pounds of fertility elements 
per acre in the surface soil. These calculations are made on the 
assumption that an acre of the soil seven inches deep weighs two 
million pounds. The total amount of fertility elements in the 
subsurface and subsoil of any type can be calculated from the 
percentage composition given in the table in the Appendix, as- 
suming that the thirteen inches subsurface stratum weighs four 
million pounds and the twenty inches of subsoil stratum weighs six 
million pounds. 
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THE NITROGEN CONTENT. 

The average fertile upland silt and loam soils of the Colby and 
Jewell series contain, in round numbers, three thousand pounds of 
nitrogen per acre in the surface seven inches. The sandy upland 
soils contain a much smaller amount. Colby very fine sandy loam 
contains 1800 pounds per acre. The soils of the Benton series were 
in two cases taken in a native meadow and a pasture, and in one 
case in recently broken land. The soils from the Benton series are 
irregular, one containing .24 percent nitrogen, the second .23 per- 
cent, and the third .35 percent. This high percent of the latter is in 
a large measure due to the fact that the sample was taken only four 
inches deep. If it is assumed that .24 or .23 represents the average
of the native prairie soil and that is compared with the average of 
the upland soils, .15 or .16 percent, it appears that these soils have 
lost one-third of the original stock of nitrogen. This assumption is 
supported by studies of soils from other counties where it has been 
found, by direct comparison of samples of cultivated and unculti- 
vated soils in close proximity to each other, that the cultivated 
soils have lost from one-fourth to two-fifths of the nitrogen 
originally present in the virgin soil. 

The bottom soils as a class have a much higher nitrogen content 
than the upland soils. The Lincoln silty clay and the Lincoln 
silt loam have each 4200 pounds per acre in the surface soil. 
This is above the average for good soils. The sandy subsoil 
phase, the colluvial phase, and the silty very fine sandy loam of 
the Lincoln series have a much smaller nitrogen content than the 
silty clay and the silt loam soils. The Sarpy silty clay loam and 
the Sarpy silt loam have 3800 and 2400 pounds per acre, re- 
spectively. The soils in the Laurel series are low in nitrogen 
content. The chemical analyses of the soils from the salt marsh 
show that if these soils could be freed from excess of salt they 
would be fertile. 

The percent of nitrogen in the subsurface soil is approximately 
two-thirds that of the surface soil, and the percent of nitrogen in 
the subsoil is about one-third that of the subsurface soil. Nitrogen 
and carbon are the two elements which show this progressive 
decrease. But these figures of progressive decrease do not tell 
the whole story. The nitrogen in the subsurface and the subsoil 
is much less easily made available than that in the surface. When 
the surface soil is removed from the land by blowing or washing, 
the harm is not only that the soil which contains more nitrogen 
has been removed, but the soil which takes its place contains this 
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smaller amount of nitrogen in a less available form. This is one 
of the reasons why unproductive spots appear in fields where the 
soil has been blown or washed away. 

THE PHOSPHORUS CONTENT. 

The phosphorus content of the upland soils in Jewell county 
averages well with the upland soils of central Kansas. Unlike 
nitrogen, the percentage of phosphorus does not decrease in the 
subsurface and subsoil. That is, the soils in the lower strata 
contain as much phosphorus per cubic foot as the surface soil. But 
the phosphorus in the subsurface and subsoil is in a different con- 
dition. If the surface soil were removed the plants would suffer 
for want of phosphorus, not because the total amount present in 
each unit of soil mass was less, but because this phosphorus was 
in an unavailable condition. The organic matter in the sub- 
surface and subsoil is old and has little power to liberate plant food. 
This condition is remedied when deep-rooted plants are grown, 
like sweet clover or alfalfa. It is true that roots of grain crops 
extend below the surface soil, but their roots are small compared 
with those of sweet clover or alfalfa, and the benefit is correspond- 
ingly less. 

The Colby silty clay loam averages about 800 pounds of 
phosphorus per acre in the surface soil, and the Colby silt loam, as 
well as the Jewell silty clay, a trifle less. These soils have an in- 
creasing percentage of phosphorus in the deeper strata. The soils 
of the Benton series average as high in phosphorus content as the 
bottom soils. The soils of the Lincoln series average 1100 pounds 
of phosphorus per acre. Lincoln silty clay, with 1360 pounds, has 
the highest phosphorus content of any soil in Jewell county. 
Phosphorus as an element does not leach from the soil to any 
appreciable extent. For that reason, the phosphorus content of 
bottom soils is determined to a large extent by the phosphorus 
content of the adjacent upland. The soils of the Sarpy series
average as high in phosphorus as the soils of the Lincoln series. 
The Laurel soils have a phosphorus content of 860 pounds per 
acre. This is high for sandy soils. 

THE POTASSIUM CONTENT. 

The potassium content of all soil types in Jewell county is high. 
Most types average over two percent. This is equivalent to over 
forty thousand pounds per acre in the surface soil. The soils of 
the Benton series have a much smaller amount, but because of 
the high lime content of these soils the potassium is more avail- 
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able. The average mixed commercial fertilizer of formula 2-8-2 
contains 1.66 percent potassium. The upland soils of Jewell 
county contain more potassium per pound of soil than such a 
fertilizer. This does not mean that the potassium in this soil is 
necessarily of the same value for crop production, but it does mean 
that if these soils are rightly handled they have a store of potas- 
sium which will last indefinitely. 

POTASSIUM ASSOCIATED WITH PROBLEM OF NITROGEN AND 
ORGANIC MATTER. 

Nitrogen and phosphorus accumulate to the largest extent in 
the grain, while potassium accumulates to the largest extent in the 
leaves and stems of the plant. A fifty-bushel corn crop contains 
9.5 pounds of potassium in the grain, and 26 pounds in the stalk. 
The same relative proportion holds true for all cereal crops, that 
the leaves and stems of plants contain about three times as much 
potassium as the grain. A soil whose potassium content is two 
percent contains forty thousand pounds of this element per acre 
in the surface soil. If only ten pounds are removed every year, 
the supply would last four thousand years. This means indefi- 
nitely, because in such long periods of time the topography of the 
earth is changed by the insensible lowering of the earth’s surface. 
But the larger part of the potassium in the soil is in the rock 
material; unavailable and insoluble. The force which will make 
this potassium available is decaying vegetable matter, which is 
also rich in potassium. When this organic matter decays, the 
potassium stored in the plant structure is available for the grow- 
ing crop, while when it is decomposed it helps to liberate more 
potassium from the large amount stored in the soil. The problem 
of potassium in Jewell county is so closely connected with the 
problem of nitrogen and organic matter, that when this is properly 
handled, the potassium problem will be solved and it will never 
be necessary for the farmers of Jewell county to purchase potas- 
sium in the form of commercial fertilizers. 

THE CALCIUM OR LIME* CONTENT. 

As a class, the soils of Jewell county are well stocked with 
lime. In regions of small rainfall, the calcium content increases 
in the subsurface and subsoil. On no other element is the climatic 
effect shown to be as great as on this. Soils in the southeastern 
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part of the state contain a much smaller amount of calcium than 
the soils where the climate is drier, as in Jewell county. The age 
of a soil derived from limestone can sometimes be judged by its 
calcium content. The high calcium content of the soils of the 
Benton series is due to the recent formation. The hilly nature of 
the series favors erosion, which continually removes the soil from 
the slopes and prevents its accumulation in a deep stratum. New 
soil high in calcium content is therefore being constantly formed 
from the lime rock beneath. 

Calcium is one of the elements absolutely essential to the 
growth of plants, but the amounts so needed are small as com- 
pared with soil needs. The influence of calcium on the chemical, 
physical, and biological properties of the soil is so great that it has 
been called “the dominant factor in soil fertility.” When soils 
are deficient in calcium the condition called “acid soil” arises. 
Ordinarily the calcium neutralizes the soil acids Calcium improves 
the physical condition of the soil by making the subsoils more 
open. The well-known success of alfalfa in Jewell and the sur- 
rounding counties is due in no small measure to the large calcium 
content of these soils. The presence of inorganic carbon shows that 
the soils are well supplied with lime in the ‘best form. 

THE CARBON CONTENT. 

Carbon is determined as organic and inorganic. The organic 
carbon has come from plant residues. The inorganic carbon is 
present in undecomposed carbonates, such as limestone. 

The organic carbon is an index of the amount of organic matter 
in the soil, which is assumed t o  be twice as much as the carbon. 
This assumption is based on a study of the organic matter found 
in the plant residues and the changes it undergoes in the soil. 
The term humus is frequently used for this, but it has different 
meanings in the minds of different writers. With some the term 
humus is synonymous with organic matter, with others it applies 
to definite chemical compounds. Strictly speaking, humus is 
organic matter in a certain stage of decay. Organic matter in- 
cludes humus, but all organic matter in the soil is not humus. 
When soils contain an abundance of organic matter, humus is 
continually formed. 
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SOIL PROBLEMS OF JEWELL COUNTY. 

Any area of country as large as Jewell county has several soil 
problems. These soil problems may be natural and characteristic 
of the several soils, or they may have been brought about by poor 
methods of tillage. Some of the more important of these problems 
are the maintenance of the supply of organic matter where it is 
abundant, and the increasing of the supply where the soils are 
deficient in this material; the prevention of erosion on the steeper 
slopes; and the drainage of the wetter areas. 

SUPPLY OF ORGANIC MATTER. 

The problem of maintaining the supply of organic matter in 
Jewell county is a very serious one, especially on the lighter soils. 
Any soil that is being cultivated is constantly losing organic 
matter through decay, and unless it is supplied in some way the 
amount of this material becomes so low that decreased crop 
yields result. Organic matter enables the soil t o  hold more water, 
keeps it in good tilth, and in decaying makes available the un- 
available plant food in the soil. The loss of organic matter may 
cause decreased yields, not necessarily because the plant-food 
elements have been exhausted, but because there is no fresh organic 
matter present to make the supply of plant food available. 

Organic matter is supplied by all kinds of plant life. Corn 
stalks and straw are useful for this purpose. When they can not be 
used as feed or made into manure, they should be worked into the 
soil. Such material should never be burned, for when burned the 
organic matter is destroyed. Organic matter may also be supplied 
in the form of barnyard manure. On many farms, especially those 
having sandy soils, it may be impossible to maintain the supply 
by returning all fodder, straw, and manure to the fields. On such 
farms it will be necessary to grow crops for the purpose of turning 
under as green manure. However, all other sources of organic 
matter should be utilized before resorting to the use of green 
manuring crops, for in growing green manuring crops large 
amounts of water are used and thus lost from the soil as far as other 
crops are concerned. 

The soils of Jewell county that require special care in regard to 
the organic content are: the light phase of Colby silt loam, the 
eroded portion of all Colby types, Lincoln very fine sandy loam, 
and the members of the Laurel series. 
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USE OF STRAW. 

Wheat straw is undoubtedly one of the most valuable by- 
products of the farm. At the present time a large quantity of the 
straw is burned or otherwise destroyed. This results in a loss that 
the farmer can not afford. The average annual production of 
straw in Jewell county for the last five years has been 57,254 tons. 
This straw, if properly used on the land, would supply not only 
organic matter which would greatly increase the water-holding 
capacity of the soil, but would add as well over $175,000 worth of 
plant food annually. When burned not only is the organic matter 
destroyed but most of the plant food is lost. 

The most economical way of handling the straw is to utilize as 
much of it as possible for feed and bedding and then apply the 
manure to the soil. When it is not possible to follow this method, 
the straw should be applied as a surface dressing on wheat during 
the winter at  the rate of one to one and a half tons per acre. 
Heavier application should be avoided. When top dressings of 
this kind are made, the straw acts as a surface mulch and aids in 
the conservation of moisture. Later it becomes incorporated 
in the soil mass and supplies organic matter and plant food. 

BARNYARD MANURE. 

Barnyard manure, providing it can be obtained, is one of the 
best forms in which to supply organic matter. Fresh manure 
furnishes the largest amount of organic matter. Therefore, when- 
ever possible, manure should be applied in a fresh condition. If 
manure is stored it decays rapidly, and organic matter as well as 
plant food is lost. One of the greatest wastes on the average farm 
results from the leaching and fermentation of manure, due to poor 
handling. Half of the value of manure is lost when it is exposed to 
the weather for six months. The feed lot should be cleaned in the 
spring and the manure never left to be leached by the rains of 
spring and summer. Manure can be applied with best results to  
crops like alfalfa, corn, and kafir. It should be applied in small 
quantities and evenly spread over a large area. Manure can also 
be used with profit as a top dressing upon wheat, provided it is 
distributed evenly. When used on wheat it  should be applied in 
the fall or early winter, when it  will serve as a protection to the 
wheat during a severe freeze and as a mulch to prevent evapora- 
tion during the following spring and summer. 
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Application of barnyard manure will also aid greatly in im- 
proving the physical condition of the heavy soils of the county, 
especially the local area of heavy soils known as “gumbo.” Or- 
ganic matter will make these soils more open and porous and thus 
easier to cultivate. 

EROSION. 

On some of the steeper slopes of the county erosion has had a 
marked effect in depleting the soil of its fertility by removing the 
surface portion. When a field is eroded and the surface soil re- 
moved the most valuable part of the soil is gone. The surface soil 
contains more humus than the subsoil, and the plant food in the 
surface soil is more readily available than that in the subsoil. 
The soils of Jewell county on which this process has taken place 
to a noticeable extent are the steeper slopes of all the Colby soils, 
but especially the lighter ones, the Benton soils, and the Belvidere 
silt loam. 

A soil which will hold only a small amount of water is more 
subject to erosion than one which has a greater water-holding 
capacity. Since organic matter increases the water-holding power 
of a soil, an abundance of this material in the soil will aid in pre- 
venting erosion. This is true not only because it will cause the 
soil to  hold more water and prevent excessive surface flow, but 
also because the organic matter binds together the soil particles. 

Erosion may also be prevented by throwing fodder or straw into 
a wash as soon as it commences to form. Gullies that have been 
formed may be filled by throwing waste material, such as brush, 
fodder or stover, into them, and then plowing the soil in from each 
side until the gully is filled. The area should then be seeded to 
some strong rooted crop, such as alfalfa. Many soil slopes that are 
subject to erosion are adapted to alfalfa and should be kept in this 
crop almost continuously. 

DRAINAGE. 

There are a few local areas of Jewell silt loam and Jewell silty 
clay which may be benefited greatly by tile drainage. However, 
this is not a general condition. The heavier, low lying areas of the 
Sarpy series may be benefited by drainage where such a system 
is practical. 

COMMERCIAL FERTILIZERS.

Commercial fertilizers are not used in Jewell county, but more 
interest is being shown in their use each year, and the general 
nature of their effect on the soil should be understood. Commer- 
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cial fertilizers supply one or more of the plant-food elements- 
nitrogen, phosphorus, or potassium. Most of the fertilizers found 
on the market are known as complete fertilizers and contain all 
three of these elements. However, a fertilizer may be purchased 
which supplies but a single element. 

NITROGEN. 

A thirty-bushel crop of wheat removes from the soil forty pounds 
of nitrogen, and a fifty-bushel crop of corn removes fifty pounds of 
nitrogen. This figures only the nitrogen contained in the grain, 
assuming that all the straw and stalks are returned to the soil. 
If the nitrogen in this thirty-bushel crop of wheat were purchased 
as a commercial fertilizer it would cost $8.   It would, therefore, 
cost about one-fourth the value of the wheat crop to supply, by 
means of commercial fertilizers, the nitrogen removed in the grain. 
It would be impracticable at present market prices to attempt to 
supply the nitrogen removed by wheat in this way. It would not 
only be impracticable, but it would be foolish when in the air above 
the soil there are millions of pounds of nitrogen which may be 
obtained by means of leguminous crops. In order that the grain 
crop may receive the benefit of this nitrogen, leguminous crops, 
such as cowpeas, alfalfa, and clover, should be grown in rotation 
with the grain crop, or manure obtained from feeding leguminous 
crops should be applied upon the land where the grain crop is to  
be grown. With such a cheap and practicable means of securing 
nitrogen from the air, it is only the unthinking farmer who would 
purchase nitrogen in any large quantity in the form of commercial 
fertilizer. 

PHOSPHORUS. 

A thirty-bushel crop of wheat, including straw, removes about 
ten and one-half pounds of phosphorus. This simply means that 
when the crop is removed a definite quantity of plant food is 
removed, and the stock present in the soil is diminished by that 
amount. The difference between the nitrogen and phosphorus 
problem is this: the ultimate supply of nitrogen is inexhaustible- 
the stock in the soil can be replenished from the stock in the air, 
while phosphorus can not be so replenished. When that which is 
in the soil is used it is gone forever from the land, unless it is re- 
turned in manure or organic matter, or purchased in the form of 
a fertilizer. 
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Phosphorus occurs in the soils of Jewell county in relatively large 
quantities. Where good methods of cultivation are practiced there 
is sufficient t o  last for many years, but on soils that have been 
eroded the more quickly available phosphates have been removed 
with the surface soil. I t  is on such areas as this that it may be 
necessary to supply phosphorus as a commercial fertilizer in future 
years. It has not proved profitable in Jewell county in the past to 
use fertilizer supplying phosphorus, and until the time comes when 
the supply of available phosphorus is less abundant than a t  
present commercial fertilizers supplying this plant food should 
not be used. Commercial fertilizers should not be’ applied with 
the expectation of replacing barnyard manure or green manuring 
crops, but when employed should be used only where necessary 
to supplement these materials. 

POTASSIUM. 

The chemical analyses of the soils of Jewell county show that 
the potassium content of the surface soil varies from 21,400 pounds 
to  59,800 pounds per acre. With this large supply of potassium 
in the soil and the small amount actually removed by grain crops, 
it is doubtful if it will ever become necessary t o  supply potassium 
by means of commercial fertilizers. The problem of potassium is 
not to supply large quantities of this plant food, but to liberate and 
make available the supply that is now in the soil in an unavailable 
condition. This may be done by practicing good methods of cul- 
tivation and keeping the soil well supplied with organic matter. 
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APPENDIX. 
-- 

METHODS OF CHEMICAL ANALYSES OF THE SOIL. 

The methods used by chemists in the investigation of soil 
fertility elements may be divided into three classes: (1) Solution 
by water or weak acid; (2) solution by strong acids; (3) solution 
by fusion. Which of these methods to use depends on the object 
in view. 

The first method gives the amount of water-soluble material at 
the time the analysis is made. It furnishes an index to the im- 
mediate crop-producing power of the soil, and is very valuable 
in investigations of methods of handling the soil and systems of 
cropping. 

In most of the older books the results obtained by solution in 
strong acids are generally given. This method was originally 
adopted because it was thought that the amount so dissolved 
represented all that the plant could ever obtain from the soil. 
By this method nearly all the calcium is obtained, about eighty- 
five percent of the phosphorus, and about twenty to twenty-five 
percent of the potassium. These figures should be kept in mind 
when results obtained by strong acid solution are compared with 
the amounts obtained by fusion. Very valuable results have been 
obtained by the use of the strong acid method, but its chief ob- 
jection is that the results obtained are relative. In a soil survey, 
it is desirable to obtain the total amount of each element. The 
same agencies which made the soil from the original rock are still 
operative. The decay of organic matter, the freezing and thawing 
of every winter, slowly affect all the insoluble compounds in the 
soil. 

The third method, that of fusion, is the one used in the analysis 
of Kansas soils. In this method all of the elements are converted 
by heat into forms soluble in acids, and consequently the total 
amounts are obtained. 

In sampling the soil a tube two inches in diameter is used for 
taking the surface sample. By means of this it is possible to 
obtain a uniform core even if the ground is recently plowed. The 
surface sample is taken to a depth of seven inches. The subsurface 
is taken to a depth of twenty inches, and the subsoil to forty 
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inches. These two latter are taken by means of an inch and a half 
auger. For the surface sample soil is taken from eight to ten or 
more borings in the field, and for the subsurface and subsoil 
samples soil is taken from at least five borings. The whole of each 
sample is put in a strong cloth bag and shipped to the chemical 
laboratory. Sampling soil is an operation that requires care, 
thought, and experience. 

The place where a soil sample  is taken is located by the method 
of the United States Land Survey, ten acres being the smallest 
unit. The more important types were sampled in several loca- 
tions. An acre of soil seven inches deep is assumed to  weigh about 
two million pounds. The subsurface thirteen inches then weighs 
about four million pounds, and the subsoil six million pounds. 
This makes it easy to compute the pounds per acre when the 
chemical composition is known. This calculation only involves 
multiplying the percentage of the constituent by 2, 4, or 6, with 
due regard t o  the decimal point. A percentage of 0.1 means two 
thousand pounds per acre for the surface soil, four thousand for 
the subsurface, and six thousand for the subsoil; 0.01 percent 
is equivalent to one-tenth the above amounts. The soil sample is 
designated by a whole number and the different portions by the 
decimals .1, .2, and .3 pIaced after the number. Thus, 1231.1, 
1231.2, and 1231.3 mean soil, subsurface and subsoil from sample 
1231. Sometimes by reason of the shallowness of the soil, or un- 
importance of the type, only the surface soil is sampled. 

In an average very fertile soil, the elements nitrogen, phos- 
phorus, potassium, calcium, and carbon constitute between four 
and five percent of the total soil mass. The soil must also furnish 
iron, magnesium and sulphur to plants. But practically all soils 
furnish these elements in great abundance, as the plants use com- 
paratively small amounts. All these elements needed by plants 
are present in the form of compounds, and it is the form of these 
compounds that determines the availability of these elements 
and hence the crop-producing power of the soil. 

The following table gives the analyses of all the soil types 
sampled in Jewell county. It shows the location a t  which the 
sample was taken; the type of soil and stratum sampled; the sample 
number; and the percentage of plant-food elements-nitrogen,
phosphorus, potassium, calcium, organic carbon, and inorganic 
carbon. 
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