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INTRODUCTORY NOTE

It is a matter of common observation that soils vary tremendously in their
productive power, depending upon their physical condition, their chemical
composition, and their biological activities. For any comprehensive plan of soil
improvement looking toward the permanent maintenance of our agricultural
lands, a definite knowledge of the various existing kinds or types of soil is a
first essential. It is the purpose of a soil survey to classify the various kinds of
soil of a given area in such a manner as to permit definite characterization for
description and for mapping. With the information that such a survey affords,
every farmer or land ewner of the surveyed area has at hand the basis for a
rational system of improvement of his land. At the same time the Experiment
Station is furnished an inventory of the soils of the state, upon which intelli-
gently to base plans for those fundamental investigations so necessary for
solving the problems of practical soil improvement.

This county soil report is one of a series reporting the results of the soil
survey which, when completed, will cover the state of Illinois. Each county
report is intended to be as nearly complete in itself as it is practicable to make
it, even at the expense of some repetition. There is presented in the form of an
Appendix a general discussion of the important principles of soil fertility, in
order to help the farmer and land owner to understand the significance of the
data furnished by the soil survey and to make intelligent applieation of the same
in the maintenance and improvement of the land. In many cases it will be of
advantage to study the Appendix in advance of the soil report proper.

Data from experiment fields representing the more extensive types of soil,
and furnishing valuable information regarding effective practices in soil man-
agement, are embodied in form of a Supplement. This Supplement should be
referred to in conneection with the deseriptions of the respective soil types found
in the body of the report.



CONTENTS OF SOIL REPORT No. 20

BUREAU COUNTY SOILS

PAGE

FORMATION OF BUREAU COUNTY SOILS.....citntiiiiiiniraniriannoncnenanns 1
The Glaciations of Bureau County......ovuuertriiiiiiiiiinnnisrreeeesnensneenn 1
Physiography and Drainage..........cooiiiiiiiiteiioiriertioiiieretetiiiiieas 3
Soil Materials and Soil Types.....cvveeiirieeiirroetiiinreasarsnrearsnscsosaannss 4
INVOICE OF PLANT FOOD IN BUREAU COUNTY SOILS.....cciviieieiiennnennns 6
S0Il ADALYSIS «vietiein e is ittt eiiats e it a teeaaareaaraaa s 6
The Surfaece S0il ... ..o i ittt iieretnsenarnnnnnssoannnnns 7
The Subsurface and Subsoil.......coviiiiiiiiiiiiiiiiiiiiiriieniereneennennnnn 7
DESCRIPTION OF INDIVIDUAL SOIL TYPES......ccoitrtitiooneneineiininnnnes 14
(a) Upland Prairie Soils........c.ooiiiieiiiiiiii i iiiiiiiiiiceeiiieinaanen 14

(b) Upland Timber Soil8. . vouiie e eireiiiiiinrniiiiiiieinsisunneeaseennn 19

(€) Terrace SOilS .uuvvririirere i iiiiiiiiiins tiiiiieieerieinaaaeaaeaeas 22
(d) Swamp and Bottom-Land Soils........ouiiieeiiiiiiiiiiiiiiiiiii i 32

APPENDIX
EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY..................... 36
Classification of Soil8. ... ..uuieiiiiiiiii ittt iietriiiitiretresnnsernenssonaseanes 36
Soil Survey Methods. .. ovvvrettiirireiiiiinrrroesaissasasasasesoneseansoesenns 38
PRINCIPLES OF SOIL FERTILITY . .ttt iiiiiiiiitieitiienesenasesencasscosesennn 39
Crop Requirements ... ..oeueeiiiiiieiiiiinneiiieeetenorssstonseccanosaranaanss 39
Plant Food Supp Y. cvver ittt ittt etttiiettittestasttcersasnraoranns 40
Liberation of Plant Food. ... . .ciiiiiiiiiiii ittt tietnnttnennncnanens 41
Permanent Soil Improvement........ocoiuiiieiiiiiiiiiiiiiiereneinnerenreeeeens 42
SUPPLEMENT

EXPERIMENT FIELD DA T A . ...t ttiittitennetterunneeteonarossseacesoocnannsos 51
Brown Silt Loam. .. oovetiiiii it it ittt ittt 52
Black Clay Loam. . ..oiititiii ittt iiiiiitittaneetreneassiorosnieensnnnsenenns 64
Yellow-Gray Silt Loam. . ..couitiiiiniiiiiiiiiiiieteiiniiieeeanniinoressennnns 65
Yellow Silt Loam. ... ietriit ittt iiiiiieteannsetonsnssecoannnerersnioosons 67
Dune Sand ..ovuiiiniiiiiiiiiiiitit ittt ittt it 70

Deep Peat «.vvetiiiiet it i i i i et ier e re e s e 72



BUREAU COUNTY SOILS

By J. G. MOSIER, 8. V. HOLT, E. VAN ALSTINE, axp F. W. GARRETT
PREPARED FOR Pusricarion Y L. H. SMITH?

FORMATION

Bureau county is located in the west central-northern part of Illinois, the
northwest corner being about twenty-six miles from the Mississippi river. There
is much variation in the soils, due to the many agencies that have been instru-
mental in their formation. The northwestern part of the county is in the sand
and gravel terrace formed by the Rock and Green rivers. An extension of this
terrace to the southeast that reaches to Bureau creek without doubt indicates
a former connection between the Rock and Illinois rivers.

During the (lacial period snow and ice accumulated in the region of Labra-
dor and to the west of Hudson Bay to such an amount that the mass pushed
outward from these centers, especially southward, until a point was reached
where it melted as rapidly as it advanced. In moving across the country from
the far north the ice gathered up all sorts and sizes of material, including eclay,
silt, sand, gravel, and boulders. Some of these materials were carried for hun-
dreds of miles and rubbed against surface rocks and against each other, pro-
ducing large quantities of rock flour. When, thru the melting of the ice, the
limit of advance was reached, the material carried by the glacier was deposited,
accumulating in a broad undulating ridge or moraine. When the ice melted
more rapidly than the glacier advanced, the terminus of the glacier would re-
cede and the material would be deposited somewhat irregularly over the area
previously covered.

THE GLACIATIONS OF BUREAU COUNTY

During the Glacial period there were six distinet and separate glacial ad-
vances as follows, in order of their occurrence:

(1) The Nebraskan, which did not touch Illinois. (2) The Kansan, which
covered parts of Hancock and Adams counties. The Weymouth soil was de-
veloped from the surface of the Kansan glacial material. (3) The Illinoisan,
which covered all of the state except the northwest corner (practically all of
Jo Daviess county), the southern part of Calhoun county, and the seven south-
ernmost counties. The Sangamon soil was formed from the surface of the Illi-
noisan drift. (4) The Iowan, which covered a part of northern Illinois. The
area covered by this advance is difficult to determine because of the later glacia-
tions. At about the close of the Iowan glacial advance, loess or wind deposits
were made. The surface of this material was formed into the Peorian soil, which
was buried by the early Wisconsin glaciation. (5) The early Wisconsin glacia-
tion, which covered the northeastern part of the state as far west as Peoria and

*J. G. Mosier, in charge of soil survey mapping; S. V. Holt, in charge of field party;

E. Van Alstine, in charge of soil analysis; F. W, Garrett, in charge of experiment fields;
L. H. Smith, in charge of publications.
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south to Shelbyville. (6) The late Wisconsin glaciation, which extended to the
west line of McHenry county and south to the town of Milford in Iroquois county.

Only three of these glacial advances covered all or part of Bureau county,
burying the old soils and producing new ones. The first of these was the Illi-
noisan glacier, which probably covered the entire county. Subsequent glaciers
covered most of this deposit leaving the Illinoisan drift exposed only in the south-
western part of the county, including Towns 15 North, Ranges 6 and 7 Hast,
and the western tier of sections in Town 14 North, Range 8 Bast. - A system of
moraines extends across the first two townships and marks the northern limit
of the exposed IHinoisan drift. The Illinoisan glacier was followed by the
Iowan, which covered most of the county north of Town 15 North. Nearly all
of the Towan drift, however, has been covered by a subsequent glacier. The map,
page 3, shows the approximate area of the Iowan glaciation now exposed.

The latest glacial advance that reached this county was the early Wis-
eonsin, which covered the eastern two-thirds of the county and built up a very
extensive moraine known as the Bloomington morainie system. This forms the
ridge upon which Providence and Milo are located. This moraine extends to
the northward and forms the divide between the Rock and the Illinois rivers.
In the northeast part of the county the Bloomington system is formed by two
ridges, an outer or western, and an inner or eastern ridge, the latter of which
passes out at the northeast corner of the county. The Illinoisan moraine in the
southwestern part of the county extends southeastward and merges with the
Bloomington moraine. A fourth glaciation, the late Wiseonsin, did not reach
the county, but the water from the melting jce and the sediment which it car-
ried down the Rock river undoubtedly played an important part in the forma-
tion of new soils and the modification of the old ones in the northwestern part
of the county.

The material transported by the glacier varied with the character of the
rocks over which it passed. Granites, limestones, sandstones, shales, ete., were
encountered by the glacier, and both large and small masses of these were torn
from their resting places by the enormous denuding power of the ice, ground
up more or less together, and moved along with the glacier and later deposited
as the ice melted. A pressure of forty pounds per square inch is exerted by a
mass of ice one hundred feet thick, and these ice sheets were hundreds and
possibly thousands of feet in thickness. The ice, together with the boulders and
pebbles carried in it, thus became a powerful agent for grinding and wearing
away the surface over which it passed. Ridges and hills were rubbed down,
valleys were filled with the debris, and the surface features were changed en-
tirely. 'When the ice melted, this material was deposited, and it is known as
boulder clay, till, glacial drift, or simply drift.

The thickness of this deposit in Bureau county varies from a few feet to
about 600 feet, the greatest depth being in the old valley thru which the Rock
river is supposed to have reached the Illinois. The average depth of drift in
this county is at least 200 feet, and may possibly be as much as 300 feet. In
many places strata of sand occur in the glacial drift. Old soils and fragments
of trees are frequently encountered in the drift at depths as great as 130 feet.
These soils represent interglacial periods when the glaciers receded, during
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which ordinary conditions prevailed. It is believed that the drift in this county
is deeper than any other in the state. The till, especially at a few feet in depth,
is of a bluish eolor, and is commonly designated as blue clay.

PHYSIOGRAPHY AND DRAINAGE

Bureau county varies in topography from hilly to flat. These variations
are due: first, to deposition of material transported by streams; second, to
irregular deposition of material carried by glaciers; third, to material piled
up by the wind, giving a dune topography; and fourth, to erosion by streams.
The material deposited by streams gives rise to flat or very slightly undulat-
ing flood plains or older terrace deposits. These are found principally along
the Illinois river, Bureau creek, and the Green river. In some cases the ter-
race deposits are slightly rolling, owing probably to the deposition of bars in
broad, rather strong, currents of water.

The peculiar topography of glacial areas is due to the fact that the drift
material was not uniformly distributed thruout the mass of ice, and when the
ice melted it left the material in irregular heaps. The morainic areas are char-
acterized by a peculiar billowy topography produced by the irregular piling up
of material at the end of the glacier and by the covering up of ice masses in
the moraines which, when they melted, produced depressions. The intermorainie
areas vary in topography to a slight extent, giving a gently rolling character
to the land.
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The dune topography occurs in the northwestern part of the county within
the terrace area and on the adjacent uplands. The terrace, during the time of
the melting glacier, was largely eovered by water and received deposits of gravel,
sand, and finer material. Much of the sand and silt was reworked by the wind
and piled up into dunes. The erosion topography occurs along nearly all streams
outside of the terrace area. The east side of the Bloomington moraine in the
southern part of the county is rather badly eroded by a large number of small
streams.

There are three rather distinct drainage areas in the county: one in the
southwestern part (the Spoon river basin, which is a part of the Illinois basin} ;
one in the northwestern part (the Green river basin, which is really a part of
the Rock river); and one in the eastern and southeastern part, which drains
either direetly into the Illinois river or into Bureau creek, which flows into the
Illinois. Approximately two-thirds of the county is in this last drainage area.
The county originally contained a large area of swamp land that has recently
been drained into the Green river by means of dredge ditches.

The altitudes of some places in Bureau county are as follows: Arlington,
762 feet; Buda, 767; Bureau Junction, 480; Casbeer, 746; Depue, 472; Green
Oak, 725; Ladd, 653; La Moille, 803; Malden, 705; Manlius, 795; Milo, 885;
Mineral, 636; Neponset, 829; New Bedford, 650; Ohio, 917; Princeton, 718;
Providence, 975; Spring Valley, 465; Sheffield, 671; Tiskilwa, 519; Van Orin,
807; Walnut, 714; Wyanet, 656; Yorktown, 638; Zearing, 761.

The highest point recorded in Bureau county occurs on the Bloomington
moraine northeast of Providence, where the land rises to 987 feet above sea
level. About a mile north of the village of Ohio the same moraine attains a
height of approximately 940 feet. The lowest point in the county is 431 feet,
giving a range of 556 feet in altitude. The Bloomington moraine, representing
the outer edge of the Wisconsin till sheet, has a number of points over 900 feet
in height. To the east of this moraine the drop is somewhat gradual until a
height of approximately 750 feet is reached, while to the west of this moraine
the drop reaches 650 feet. This gives about 100 feet more of relief to the west
than to the east. One decided break occurs in the moraine, thru which the
canal passes at the present time and which at one time formed the valley thru
which the Rock river probably flowed to the Illinois.

SOIL MATERIAL AND SOIL TYPES

Altho the county has been largely covered by glaciers, the glacial drift does
not constitute any large part of the material from which the soils have been
derived directly. The county has been covered by a stratum of wind-blown or
loessial material that varies from four to twelve feet or more in thickness, This
constitutes the material from which the soil has been formed. In the terrace
region in the northwest part of the county, the streams have mixed this to a
greater or less extent with material, often coarser, that has been carried and
deposited by them.

In general, the loessial material is deeper on the Illinoisan and Iowan drift,
because, being older, there has been more time for deposition. It is also deeper
on the flat areas than on the rolling ones because of the fact that erosion has
removed much from the rolling land, in some cases leaving the glacial drift ex-
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TasLe 1.—Soir Tyees oFr Bureau County, ILLINOIS

Soil Area in Area Percent
type Name of type square in of total
No. miles acres area

(a) Upland Prairie Soils (200, 500, 700, 900, 1100)
-26 |Brownsiltloam................. ... . .o il 461.56 205,398 53.41
—60 Brownsandyloam............................... 20.21 12,934 2.34
—20 Black clay loam....... .. ... .. ... ... .. ... ... 1.53 979 .18
~25 Black silt loam............. ... ... . ... ... 7.52 4,813 .87
—28 |Brown-gray silt loam on tight clay .13 83 .01
-81 Dunesand..........oviiiiiiiii i .25 160 .03
—90 |Gravelly loam.............. .. ... 1.57 1,005 .18
492 .77 315,372 57.01

(b) TUpland Timber Soils (200, 500, 700, 900, 1100)
—34 |Yellow-gray silt loam. ... ... ... ................. 78.37 50,157 9.07
-35 |Yellow silt loam. .. .. e A 56.88 36,403 6.58
—64 |Yellow-gray sandy loam.......................... .21 134 .02
135.46 86,694 15.67

(e) Terrace Soils (1500)

1527 |Brown silt loam over gravel.................. .. ... 59.65 38,176 6.90
1560 [Brownsandyloam............................... 27.94 17,882 3.24
1561 |Black sandy loam. ........ e . .. 13.48 8,627 1.56
1581 |Dune sand........oooiiniiii e 10.79 6,906 1.25
1550 |Black mixed loam............................ ... 3.93 2,515 .46
1525 |Blacksiltloam.............. .. ... ... ...l 4.92 3,149 .57
1564 |Yellow-gray sandy loam..... ................. ... 4.96 3,174 .58
1571 |Brown fine sandy loam...................... .. ... 1.82 1,165 .21
1520 |Black clay loam............. ... .. ... ... .66 422 .08
1568 (Brown-gray sandy loam on tight clay.............. 2.44 1,562 .28
1536 |Yellow-gray silt loam over gravel............ ..... 3.31 2,118 .38
1564 .4|Yellow-gray sandy loam on gravel................. .33 211 .04
1560.4Brown sandy loam on gravel...................... .12 77 .01
1528 |Brown-gray silt loam on tight clay.............. ... 17 109 .02
1590 |Gravellyloam........................ ... ... .... .17 109 .02
134.69 86,202 15.60

{(d) Swamp and Bottom-Land Soils (1300, 1400)
1354 HMixed Toam. ... 39.81 25478 | 4.6l
1401 (Deep Peat. .. ...t 10.00 6,400 1.16
1402 |Medium peatonelay....... ... ... ... ... ... ... 3.22 2,061 .37
1410 |Peatyloam.................... .. ... . ... .. 17.07 10,925 1.98
1420 |Black clayloam.................. .............. .25 160 .02
1425 [Blacksilbloam......................... ........ 6.82 4,365 .79
1426 |Deep brown siltloam............................ 12.90 8,256 1.49
1450 |Black mixed loam...................... ... ..... .66 422 .08
1461 [Blacksandyloam............................... 8.76 5,606 1.01
99.49 63,673 11.51
Waber. .. ... 1.82 1,165 .21
Total area of county................ oot iiuan, 864.23 553,106 | 100.00
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posed. The various agencies that have been at work in the formation and trans-
portation of soil material necessarily give the soils of the county a varied char-
acter. In addition to the transporting agencies, the aceumulation of organic
matter has gone on in the swamps and, to a slightly less extent, upon the up-
lands, and this together with the mineral material, has added to the eomplexity
of the soils.

Many of the smaller streams originally did not have distinct channels, but
flowed sluggishly in broad shallow valleys, or ‘‘slonghs.”’ In some cases the
streams flowing into these from the upland were sufficiently swift to transport
fine gravel and coarse sand, while in other cases nothing but the finer material
was carried. This has given rise to soils that contain some gravel and sand in
areas where normally only fine material would be found.

The soils of Bureau county are divided into the following classes:

(¢) Upland Prairie Soils—These are rich in organic matter. This land
was originally covered with prairie grasses, the partly decayed roots of which
have been the source of the organic matter. The flat prairie land contains a
higher amount of this constituent than the undulating or rolling prairie, because
the grasses and roots grew more luxuriantly there, and the higher moisture
content retarded their decay.

The upland prairie soils include some areas of recent timber growth where
certain kinds of trees have spread over the prairie, but this forestation has not
been of sufficient duration to produce the characteristic timber soils. These areas,
of greater or less width, are found along the border of most timber tracts, so
that the timber actually extended a little farther than the soil type indicates.

(b) Upland Timber Soils—These include a large part of the upland that
was formerly covered with forests. These soils contain much less organic mat-
ter than the prairie soils, because the large roots of dead trees added but little,
and the surface accumulations of leaves, twigs, and fallen trees were burned by
forest fires or suffered almost complete decay. The timber lands are divided
chiefly into two subelasses—the undulating and the hilly areas.

(c) Terrace Soils.—These include bench lands, or second bottom lands.
They were formed by deposition from streams overloaded with coarse sediment
during the melting of the glacier and subsequently. Finer deposits which were
later made upon the coarse gravelly material now constitute the soil.

(d) Late Swamp and Bottom-Land Soils.—These include the present over-
flow lands, or flood plains of streams, and the very poorly drained lowlands,
where peats and peaty loams have been formed.

Table 1 gives the area of each type of soil in Bureau county, and its per-
centage of the total area. The acecompanying map shows the location and
boundary of each type of soil, even when the type covers but a few acres.

INVOICE OF PLANT FOOD IN BUREAU COUNTY SOILS
SOIL ANALYSIS
The composition reported in the accompanying tables ig, for the more ex-
tensive types, the average of several analyses. These analyses show that soils,

like most things in nature, are variable; but for general purposes the average
may be considered sufficient to characterize the soil type.
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The chemical analysis of a soil, obtained by the methods here employed,
gives the invoice of the total stock of the several plant-food materials actually
present in the soil strata sampled and analyzed, but it should be understood
that the rate of liberation, as explained in the Appendix, page 41, is governed
by many faetors.

THE SURFACE SOIL

In Table 2 are reported the amount of organiec carbon (the best measure
of the organic matter) and the total amounts of the six important elements of
plant food—nitrogen, phosphorus, sulfur, potassium, magnesium, and caleium—
contained in 2 million pounds of the surface soil of each type in Bureau county.
Because of the inadequacy of information furnished by mere averages with
respect to limestone content and soil acidity, these figures are not included in
the tabulated results. For a more complete explanation of this point see note in
the tables.

The variation among the different types of soil with respeet to their con-
tent of important plant-food elements is very marked. For example, the deep
peat contains, in the plowed soil of an acre, 22 times as much nitrogen as the
dune sand, but it carries only one-fourth as much potassium as the brown silt
loam. Similar variations are found with respeet to the other elements.

It is important to note that some of the plant-food elements are present in
very limited quantities as compared with crop requirements. Some simple
computations are of interest in this connection. Take, for example, a four-field
crop rotation of wheat, corn, oats, and clover. Assuming yields of 50 bushels
of wheat per acre, 100 bushels of corn, 100 bushels of oats, and 4 tons of clover,
it will be found that the most common soil of Bureau county, the brown silt
loam of the prairie, does not contain more than enough total nitrogen in the
plowed soil for the production of such yields for nine rotations (36 years), and
the other extensive upland soils in the county are even poorer in this element.

‘With respect to phosphorus the condition differs only in degree. The brown
silt loam contains no more of this element than would be required for fifteen
crop rotations if such yields were secured as are suggested above. On the other
hand, the potassium in the surface layer of this common soil type is sufficient
for about 25 centuries if only the grain is sold, or for about 400 years even if
the total crops should be removed and nothing returned.

These general statements relating to the total quantities of these plant
food materials in the plowed soil of the most prevalent type in the county cer-
tainly emphasize the fact that the supplies of some of these necessary elements
of fertility are extremely limited when measured by the needs of large crop
yields for even one or two generations of people.

THE SUBSURFACE AND SUBSOIL

In Tables 3 and 4 are recorded the amounts of plant food in the subsurface
and the subsoil of the different types of soil in Bureau county. It should be
remembered, however, that these supplies are of little value unless the top soil
is kept rich. These tables also show great stores of potassium and only limited
amounts of nitrogen and phosphorus, in agreement with the data for the sur-
face stratum presented in Table 2.



TasLE 2.—PranT Foop 1N THE SoiLs or Bureau County, IiLiNoIs:
Average pounds per acre in 2 million pounds of surface soil (about 0~6 % inches)

SURFACE SoIL

Soil Total Total Total Total .
type Soil type organic Total phos- Total potas- magne- Total Ll;g?]s‘caizlilgig;d
No. carbon | nitrogen phorus sulfur sium sium calcium
(a) Upland Prairie Soils (200, 500, 700, 900, 1100)
-26 |Brown silt loam........ 56 440 4 810 1190 800 | 31 820 8 160 13 220
-60 (Brown sandy loam...... 27 190 2 390 670 580 21 890 4 600 6 140
~20 |Black clay loam........ 85 520{ 7 760 2 460 1620 | 28 660 12 920 24 240 Tn connection with
25 |Black silt loam. .. ... ... 117 780, 9340 | 2340 | 1780 | 29520 | 11260 | 25520 | g o0 tor 1oted data
—28 % Brown-gray silt loam . -
1528 { | on tight clay......... 47 340 4 420 1 420 980 | 32 160 5 020 8 760 | it should be explained
-81 |Dunesand............. 12 420 1 020 480 260 | 17 280 3 720 5 480 | that the figures on
1590 b[Gravelly loam. ........... 25 040/ 2 600 760 780 | 31840 | 47 520 | 91 420 | limestone content and
soil acidity are omit-
(b) Upland Timber Soils (200, 500, 700, 900, 1100) ted not because of any
~34 [Yellow-gray silt loam...| 40 480] 3 910 1240 700 | 32 200 5 960 12 050 | lack of importance of
-35 (Yellow silt loam. ....... 25 900{ 2 320 730 560 ! 35 610 4 930 9 480 | these factors, but
~64 |Yellow-gray sandy loam.| 18 360 1 440 460 380 | 23 260 3 360 6 080 | rather because of the
peculiar difficulty of
(e) Terrace Soils (1500) presenting in general
—27  |Brown silt loam over averages adequate in-
gravel ............... 46 620 4 070 1 040 800 31 030 8 130 12 610 formation concerning
-60 |Brown sandy loam. . ... 36 100 3 080 1 000 860 | 22 540 4 800 8 100 the - limestone aire-
—61 [Black sandy loam. .. ... 74 640| 7 100 1560 | 1080 | 22400 7 700 19 500 | the humestone req
-81 |Dunesand....... e 13 940/ 1 160 780 320 | 18 660 4 340 9 340 | ment. The limestone
-50 |[Black mixed loam. .. ... 121 340| 11 780 2 500 1 620 17 040 16 020 172 300 | requirement for soils
-25  |Black silt Ioam. ... ... ... 109 860| 11 200 2700 | 1840 | 28100 | 17 810 72 580 | i extremely variable.
-64 |Yellow-gray sandy loam.| 28 020 2 160 980 640 | 29 160 4 780 10 980
—71 |Brown fine sandy loam..| 50 720 4 160 1 180 640 | 27 720 5 340 9 500 | It may vary from
2201 IBlack clay loam. ... 86560 7240 | 252 | 1360| 3158 | 14740 | 25600 | ™ fo farm, and
1420 even from field to
-68 |Brown-gray sandy loam field. Theref t
on tight clay......... 40 240| 3 410 970 650 | 24 880 4 210 9 510 | 1eld. theretorenoat-
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TaBLe 2.—Prant Foop 1IN THE SoiLs orF Bureau County, ILLiNoIs:

Surrace SoiL, Concluded

Soil Total Total Total Total :
type Soil type organic Total phos- Total potas- magne- Total Llsrgﬁsg%rilgitand
No. carbon | nitrogen phorus sulfur sium sium calcium y
(c) Terrace Soils (1500), Concluded
-36 |Yellow-gray silt loam
over gravel.......... 18 880 1 920 760 700 | 33 420 7 200 11 340 : s
-64.4|Yellow-gray sandy loam tempt s made to in
ongravel............ 20 020] 1 640 620 660 | 31 820 3 680 6 380 | clude in these tables
~60.4|Brown sandy loam on figures purporting to
_og gravel............... 22 900] 1 680 680 480 | 25 900 3 520 5 400 represent for the vari-
228 (|Brown-gray silt loam ous types the lime-
528 on tight clay......... 47 340 4 420 1 420 980 | 32 160 5 020 8 760 | stone content or the
1128 soil acidity present.
538 The need for lime-
790 p|Gravelly loam.......... 25 040 2 600 760 780 | 31 840 | 47 520 91 420 | stone should be deter-
990 mined on every farm
1190 and for each field in-
dividually. Fortunate-
(d) Swamp and Bottom-Land Soils (1300, 1400) ly this can be easily
-54 |Mixed loam............ 56 390 5 170 1720 810 | 41 240 10 380 16 590 | done by the simple
~01 |Deep peat!............ 253 590; 22 630 1 820 3 800 8 080 7 150 26 110 | tosts deseribed in the
-02 |Medium peat on clay!...| 257 570 22 650 1 500 3 250 6 420 5 670 27 770 A dix to thi i
-10 [Peaty loam............ 152 250, 13 920 1620 | 1080 | 20600 9 780 44 540 | Appendix 4‘; s e
1590 | [Black clay loam. ... ... 86 560 7240 | 2520 | 13860 31580 | 14 740 25 600 | POTh Page 45,
-25 |Black silt loam......... 155 000 13 960 2 540 2 860 | 26 620 12 660 34 680
-26 |Deep brown silt loam...| 86 740] 7 220 2 080 1460 | 41 960 14 840 43 520
-50 {Black mixed loam...... 105 160| 10 160 1 800 1120 | 24 600 5 500 16 000
-61 |Black sandy loam ..... 114 920 11 000 1 900 2 180 | 25 260 12 200 33 240

IAmounts reported are for 1 million pounds of deep peat and medium peat.
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TaBLE 3.—Prant Foop 1N TaE Soms oF Bureau Counrty, ILLINoOIS:
Average pounds per acre in 4 million pounds of subsurface soil (about 626-20 inches)

SUBSURFACE SOIL

Soil Total Total Total Total .
type Soil type organic Total phos- Total potas- magne- Total Llér(x)cielstgggi?nd
No. carbon | nitrogen phorus sulfur sium stum caleium y
(a) TUpland Prairie Soils (200, 500, 700, 900, 1100)
~26 |Brown silt loam........ 61 750 | 5 450 3 060 1170 | 64 900 20 560 23 160
—60 |Brown sandy loam...... 35 130 3 170 1 230 910 48 990 11 770 11 160
-gO giacﬁ cllayl loam........ 79 480 ; 480 3 ?40 1 760 62 160 28 520 44 760 In conneection with
—25 ack silt loam......... 112 280 880 3 720 1280 | 57 760 18 720 37 440
-28 | |Brown-gray silt loam Fhese tabulated <.1a1:a
1528 ¥ | on tight clay......... 39 480 | 4 040 1760 |11 560 | 69 960 12 080 20 440 | it should be explained
-81 Dunesand............. 14 080 |1 040 720 440 { 31 920 6 480 10 920 | that the figures on
1;88(- Gravelly loam.......... 26 840 | 2 680 1600 | 1520 66160 | 129 840 | 283 920 | limestone content and
soil acidity are omit-
(b) Upland Timber Soils (200, 500, 700, 900, 1100) Joa not ‘zfgzgffagfceaz
—34 [Yellow-gray silt loam...| 23 010 | 2 680 1 560 660 | 67 120 | 21 250 21 230 | these factors but
-35 |Yellow silt loam........ 13 620 | 1 580 1 400 740 | 75 940 16 760 22 040 ¢
-64 |Yellow-gray sandy loam.{ 14 040 | 1 240 880 240 | 41 800 6 660 10 200 | rather because of the
peculiar difficulty of
(¢) Terrace Soils (1500) presenting in gene]"al
—-27  |Brown silt loam over averages adequate m
gravel............... 60 350 | 5 390 1 840 1 640 ] 64 870 18 890 21 990 | formation councerning
~60 |Brown sandy loam..... 38 480 | 3 560 1 640 1200 { 50 080 11 000 15 320 | the limestone require-
-61 !Black sandy loam. ..... 50 760 | 5 040 2 400 1040 | 49 680 18 320 34 120 | ont. The limestone
~81 |Dunesand............. 18 400 | 1 600 1 480 560 | 35 360 7 040 16 880 . a
-50 |Black mixed loam. ..... 89 720 | 8 200 3 160 920 | 36 640 41 160 345 360 | requirement for soils
-25 |Black silt loam......... 184 830 (15 960 4 840 2 400 | 50 680 35 380 122 440 | is extremely variable.
-64 |Yellow-gray sandy loam.| 16 040 { 1 960 1 840 1 000 | 65 440 14 560 16 080 | 1t may vary from
~71 |Brown fine sandy loam..| 44 400 | 3 880 1 680 600 | 60 320 11 760 16 800 | . p a
-920 arm to farm, an
1 420% Black clay loam........ 98 440 | 8 240 3 920 1 680 | 67 640 26 960 44 600 | even from field to
-68 |Brown-gray sandy loam field. Therefore no at-
on tight clay......... 33 420 | 3 040 1 460 1000 | 54 180 10 740 16 480
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TasLe 3.—PranT Foop 1N THE Soirs oF Bureav County, ILniNOIS:

Sussurrace Soin, Concluded

Soil Total Total Total Total p
type Soil type organic Total phos- Total potas- magne- ’,[io.tal Ll;gﬁsg?ggi? nd
No. carbon | nitrogen phorus sulfur sium sium calem y
(e) Terrace Soils (1500), Concluded
-36 |Yellow-gray silt loam
Y(Hler gravel. . AT 13 560 1 960 2 040 920 | 68 680 20 200 22 280 | tempt is made to in-

—64. 4{Yellow-gray sandy loam 1 s 1

on gravel. ... ... 115200 1080 | 1 400 430 | 65560 | 9040 | 12 160 ;“de i thoso fables

-60.4|Brown sandy loam on gures purporuing 1o

0 gravel............... 26 760 2 320 1 400 840 | 53 320 7 720 9 800 | represent for the vari-

5 ous types the lime-
228 | |Brown-gray silt loam silzlone };I())ntent or the
528 on tight clay......... 39 480| 4 040 1760 | 11 560 | 69 960 12 080 20 440 . .

1128 soil acidity present.
—90 ] The mneed for lime-
290 stone should be deter-
ggg f Gravelly loam.. ....... 26 840 2 680 1 600 1520 | 66 160 | 129 840 283 920 | . 3 on every farm
1190 and for each field in-

dividually. Fortunate-
(d) Swamp and Bottom-Land Soils (1300, 1400) ly this can be easily
~54 |Mixed loam............ 82 460] 7640 | 3000 | 1480 | 83 680 | 26 560 | 40 920 | dome by the simple

-01 |Deep peat! ........... 506 730/ 45 070 3 230 7 980 | 12 600 12 780 56 670 | tests deseribed in the
—02 |Medium peat on clay!.. | 226 300] 20 480 1 860 2 960 | 20 800 11 980 47 520 | Appendix to this re-
-10 |Peaty loam............ 89 080] 7 540 1 820 1960 | 41 300 8 420 220 120 port, page 43
- . b M
1590 | [Black clay loam. ... 98 440 8240 | 3920 | 1680 | 67640 | 26960 | 44 600
~-25 |Black silt loam......... 113 040, 10 520 4 280 2 520 | 53 680 32 080 83 000
-26 [Deep brown silt loam...| 98 280 8 400 3 240 1 760 77 640 34 520 78 560
~50 |Black mixed loam...... 105 400 9 840 2 520 960 50 640 6 720 26 280
~61 |Black sandy loam. .. .. 98 680 9 520 3 000 1800 | 57 640 29 320 56 960

tAmounts reported are for 2 million pounds of deep peat and medium peat.
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TasLE 4.—Prant Foop i1n THE SomLs oF Burrau County, ILniNoIs:

SussoIL

Average pounds per acre in 6 million pounds of subsoil (about 20-40 inches)

Soil Total Total Total Total .
type Soil type organic Total phos- Total potas- magne- Total Ll;lﬁsﬁri’gitand
No. carbon | nitrogen phorus sulfur sium sium caleium y
(a) Upland Prairie Soils (200, 500, 700, 900, 1100)
—26 |Brown silt loam.. ..... 26 330 | 3 040 2 690 1140 | 97 940 42 630 51 460
—60 |Brown sandy loam...... 20 180 | 1 560 1 420 980 | 68 060 16 440 17 700
-20 |[Black clay loam........ 26 280 | 2 760 3 540 420 { 99 180 43 380 47 880 Tn connection with
-25 [Black silt loam......... 43 260 | 3 240 3 360 1020 78 180 66 300 109 560 th tabulated dat
-28 % Brown-gray silt loam these tabulated cata
1528 on tight clay......... 21 360 | 2 880 2 340 600 | 96 180 33 120 35 820 | it should be explained
-81 (Dunesand............. 9 900 540 1 020 900 | 50 100 12 480 17 940 | that the figures on
(20 Gravelly loam..........| 14820 [ 1740 | 2280 | 1440|102 840 | 259340 | 517 140 | limestono contont and
goil acidity are omit-
(b) Upland Timber Soils (200, 500, 700, 900, 1100) ted not because of any
lack of i t i
34 [Yellow-gray silt loam ... 18 710 | 2 460 | 3 050 530 [ 99000 | 41500 | 36 930 | ;e fomtn A
-35 |Yellow silt loan. .. ..... 12 930 | 2 070 2 910 900 | 122 790 | 41 340 33 180 | these Taclors, bu
—64 |Yellow-gray sandy loam.| 11 280 840 1 140 300 | 55 920 9 180 12 180 | rather because of the
peculiar difficulty of
(c) Terrace Soils (1500) presenting in general
—27 |Brown silt loam over averages adequate in-
gravel............... 33 440 | 3 500 2 620 1420 | 94 840 35 780 39 500 | formation concerning
-60 |Brown sandy loam...... 18 420 | 2 160 1 680 1320 | 57 960 14 280 19 140 | the limestone require-
—61 |Black sandy loam...... 31 800 | 3 360 3 240 1440 | 82 980 36 480 61 920 | .+  The Limestone
81 |Dunesand.............| 15960 1 200 2 040 780 55 140 14 280 20 220 N 1 .
-50 |Black mixed loam. ..... 40 740 | 3 600 3 600 60 | 80 940 45 360 164 100 | requirement for soils
-25 |Black silt loam..... ... 64 260 | 8 880 5 300 1 740 i 81 540 59 590 193 980 | is extremely variable.
—64 |Yellow-gray sandy loam | 18 900 | 1 500 2 400 1020 | 68 460 18 420 19 560 | 1t may vary from
-71 |Brown fine sandy loam..| 23 820 | 2 040 1 800 1080 ( 83 700 18 840 27 060
-20 farm to farm, and
1 420% Black clay loam........ 51 780 | 5 100 4 320 1 920 | 104 640 43 080 53 940 | ovon  from field to
-68 (Brown-gray sandy loam field. Therefore no at-
on tight clay...... v..] 20220 {1 890 2 220 1170 | 69 720 18 450 22 320
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Tasre 4.—Prant Foop iNn TEHE SoiLs oF Bureau County, ILLINOIS:

Sussoi, Concluded

Soil Total Total Total Total :
type Soil type organic Total phos- Total potas- magne- Total Limestone and
: : > : soil acidity
No. carbon | nitrogen phorus sulfur sium sium calcium
(e) Terrace Soils (1500), Concluded

-36 |Yellow-gray silt loam
o8 over gravel. ......... 12 420 2 100 3 660 1380 94 080 34 320 33 300 tempt is made to in-
228 l Brown-gray silt loam clude in these tables
528 ] on tight clay......... 21 360 2 880 2 340 600 | 96 180 33 120 35 820 | figures purporting to
ligg represent for the vari-
200 ous types the lime-
790 ¢|Gravelly loam..........| 14 820 1 740 2 280 1 440 | 102 840 239 340 517 140 | stone content or the
990 soil aeidity present.
1190 The need for Ilime-

(d) Swamp and Bottom-Land Soils (1300, 1400) Stf’nedShOﬂd be dfeter-

min

54 [Mixed loam............ 5T480] 4800 | 3600 | 1140 114 180 | 80 850 | 155 580 | oo gon sock feld in.
~01 |[Deep peat!............ 555 780 46 150 3800 |11 490 | 19 340 | 24 270 | 235 100 | 2n¢ tor each Hewd in-
-02 |Medium peat on clay ..| 366 940/ 5 820 3 240 1800 | 60 540 39 330 625 860 | dividually. Fortunate-
~10 |Peaty loam...........:] 51 900 3 960 2 370 1410 | 62 850 57 450 307 950 [ ly this can be easily
1338 } Black clay loam........ 51 780| 5 100 4320 | 1920|104 640 | 43 080 53 940 | dome by the simple
25 [Black silt loam. ........ 100 980 4 140 | 4320 | 1740 | 81780 | 77 400 | 245 280 | tests described in the
-26 |Deep brown silt loam...| 50 640; 4 920 3 540 1 500 | 112 260 108 240 201 720 | Appendix to this re-
-50 |Black mixed loam. ..... 62 340 4 680 4 620 300 73 980 15 420 42 840 | port, page 43.
-61 |Black sandy loam. . .... 54 960 4 680 4 560 1 320 93 240 57 060 157 260

1Amounts reported are for 3 million pounds of deep peat.
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DESCRIPTION OF INDIVIDUAL SOIL TYPES
(a) UPLAND PRAIRIE SOILS

The upland prairie soils of Bureau county cover 492.77 square miles, or
57.01 percent of the area of the county. They are usually either brown or black
in color, owing to the large organic-matter content. They occupy the less roll-
ing, but not swampy, areas.

Brown Silt Loam (226, 526, 726, 926, 1126)

The brown silt loam is the most important as well as the most extensive type
in Bureau county. It covers an area of 461.56 square miles, or 53.41 percent of
the area of the entire county. This type occupies the slightly undulating to
rolling areas of the prairie land, both morainal and intermorainal. The irregu-
larities are due in a slight measure to erosion, but primarily to irregular deposi-
tion of material by the glaciers. While surface drainage is generally good, there
are many places where the use of tile is necessary to remove the excess of water,
and it is doubtless true that tile could be advantageously used to a greater ex-
tent than it is being used at present.

The soil is formed from a wind-blown or loessial material which covers the
region to a depth of from two to twelve feet, the deeper deposit being over the
Illinoisan and Iowan drift sheets. This material is mostly composed of the
different grades of silt, the soil constituent intermediate in fineness. Altho
brown silt loam is normally a prairie soil, yet in some limited areas forests
have recently invaded it. They have not, however, changed it materially. These
forests consist largely of black walnut, wild cherry, hackberry, ash, hard maple,
and elm., A black-walnut soil is recognized generally by farmers as being one
of the best timber soils because of the fact that it still contains a large amount
of organie matter, characteristic of prairie soils. After the growth of several
generations of trees, the organic matter may become so reduced that the soil
would then be classed as a timber type.

The surface soil, 0 to 624 inches, is a brown silt loam varying on the one
hand to black as it grades into black clay loam (1120), or black silt loam (1125),
and on the other hand to grayish brown or yellowish brown as it grades into
the timber types. It contains a sufficient amount of the coarser constituents
(coarse silt and fine sand) to make it work easily and yet enough fine silt and
clay to give it stability and cause it to granulate. Where the brown silt loam
occurs near the sandy loam, the type contains some sand and it may even in-
clude small areas of sandy loam that are not large enough to be shown on the
map. It contains from 65 to 80 percent of silt, 10 to 15 percent of clay, and
15 to 30 percent of sand.

The organie-matter content varies from 3.7 to 6.6 percent, with an aver-
age of 5.2 percent, or 52 tons per acre. In the more rolling morainal areas there
is less organic matter than in the low, richer, and poorly drained parts, the
larger moisture content of the latter encouraging a ranker growth of grasses and
roots and at the same time furnishing more favorable conditions for their pres-
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ervation. The organic matter becomes less where the type grades into the
yellow-gray silt loam (534, 934, and 1134).

The natural subsurface strafum varies from 9 to 16 inches in thickness, and
from, a dark brown or even black to a yellowish brown silt loam. Both color
and depth vary with the topography, the type being lighter and shallower on
the more rolling areas. Both the surface and subsurface are lighter in color
where the type grades into the yellow-gray silt loam. The subsurface as sam-
pled (624 to 20 inches) contains 3.1 percent of organic matter, or 62 tons per
acre. The natural subsurface is thicker in the lower, heavier, and poorly
drained areas. This condition is due to the faet that deep cracks form in these
low areas during periods of drouth, which allow some of the dark surface soil
to be washed .down by the rains, thus producing a deep layer of black soil.

The natural subsoil begins at a depth of 12 to 22 inches. It is a yellow
or drabbish clayey silt or silty clay, somewhat plastic when wet. Where the
drainage has been good, the color varies from a pale to a bright yellow, but
where drainage has been poor it approaches a drab or an olive with pale yellow
mottlings or a yellow with mottlings of drab, due to a lack of oxidation of iron.

The layer of loessial material is so deep that the drift rarely forms any
part of the subsoil to a depth of 40 inches. Variations of the subsoil occur in
limited areas adjacent to the sandy loam, and are due to the presence of more
or less sand in the subsoil. In some small areas the subsoil passes into sand,
indieating a sand deposit before the loess was deposited.

Treatment—When the virgin brown silt loam was first cropped, the soil
was in fine tilth, worked easily, and large crops could be grown with much less
work than now. Continuous eropping, however, to corn or corn and oats with
the burning of corn stalks, stubble, grass, and in many cases even straw, has
destroyed the tilth in a great measure and now the soil is more difficult to work,
washes badly, runs together, and bakes more readily. Unless the moisture con-
ditions are very favorable, the ground plows up cloddy and unless well-dis-
tributed rains follow, a good seed bed is difficult to produce. The clods may
remain all season. Much plant food is locked up in them and thus made un-
available, so that the best results cannot be obtained. This condition of poor
tilth may become serious if the present methods of management continue; it
is already one of the factors that limits crop yields. The remedy is to increase
the organic-matter content by plowing under every available form of vegetable
material, such as farm manure, corn stalks, straw, clover, stubble, and even
weeds.

The deficiency of organic matter in the soils is shown by the way the fall-
plowed land runs together during the winter. Much more work is required to
produce a seed bed than was formerly the case. The result is that corn is fre-
quently planted in poorly prepared seed beds and as a consequence it *‘fires’’
badly. Fall-plowed land should be disked early and deep for the purpose of
conserving moisture, raising the temperature, and making plant food available.

The addition of fresh organic matter is not only of great value in improving
the physical condition of this type of soil, but it is of even greater importance
because of its nitrogen content and because of its power, as it decays, to lib-
crate potassium from the inexhaustible supply in the minerals of the soil, and
phosphorus from the phosphate contained in or applied to the soil.
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For permanent, profitable systems of farming on brown silt loam, phos-
phorus should be applied liberally; and sufficient organie matter should be pro-
vided to furnish the necessary amount of nitrogen. On much of the type, lime-
stone is already becoming deficient. An application of 2 tons of limestone, where
needed, and 14 ton of finely ground rock phosphate per acre every four years,
with the return to the soil of all manure made from a rotation of corn, corn,
oats, and clover, will maintain the fertility of this type, altho heavier applica-
tions of phosphate may well be made during the first two or three rotations,
and the first application of limestone may well be 4 tons per acre. If grain
farming is practiced, the rotation may be wheat, corn, oats, and clover, with an
extra seeding of clover (preferably sweet elover) as a cover crop in the wheat,
to be plowed under late in the fall or in the following spring for eorn; and most
of the erop residues, including the clover chaff from the seed crops, should also
be plowed under. In live-stock farming, the regular rotation may be extended
to five or six years by seeding both timothy and clover with the oats, and pastur-
ing one or two years. Alsike may well replace red clover at times, in order to
avoid clover sickness. In either system, alfalfa may be grown on a fifth field
and moved every five years, the hay being fed or sold. For results secured in
field experiments on brown silt loam, see page 52 of the Supplement.

Brown Sandy Loam (260, 560, 760, 960, 1160)

Brown sandy loam oceurs chiefly in the western part of the county. It
covers 20.21 square miles, or 2.34 percent of the area of the ecounty. In topog-
raphy it is somewhat undulating, owing to the fact that sand was deposited over
much of the area in the form of low dunes. The soil was later formed from this
sand. In other areas, the undulating character of the surface is due to irregu-
lar deposition of the glacial drift, while in still others the irregularities are due
to erosion. In these latter cases sand has been added to the soil thru the agency
of wind. Small areas of brown sandy loam. have been covered with forest, but
not long enough to change the character of the soil to any extent.

The surface soil, 0 to 624 inches, is a brown sandy loam, varying in color
from, black to light brown or yellowish brown. In sand eontent it varies from
50 to 80 percent, but the larger part of the area is of the more sandy phase, with
approximately 65 to 70 percent of sand. The organic-matter content of the
surface stratum varies from 1.6 to 3.4 percent, with an average of 2.3 percent,
or 23 tons per acre. The amount is less in the more sandy phase, which usually
oceupies the more rolling or dune-like parts.

The netural subsurface varies from 6 to 18 inches in thickness and is mostly
yellowish brown, brownish yellow, and yellow in color. The subsurface is not
separated from the subsoil by a distinet line, but passes into it gradually, as
indicated by the gradual change in color, and usually by an inecrease in sand
content. The stratum is deeper on well-drained areas where roots are able to
penetrate to a considerable depth. The amount of organic matter in the stratum
sampled (624 to 20 inches) varies from 1.3 to 1.7 percent, averaging 1.5 percent,
or 30 tons per acre.

The natural subsoil begins at a depth of 12 to 24 inches. It varies in
physical eomposition from a sandy silt to a yellow medium sand. The stratum
20 to 40 inches contains about .6 percent of organic matter.
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Treatment.—This type is generally well drained. A few small areas need
artificial drainage.

In the management of brown sandy loam, the organic matter should be
increased or at least maintained by turning under farm manure, crop residues,
and legumes. Organie matter, in addition to furnishing nitrogen, will prevent
the movement of sand by the wind, which is very likely to take place on the
more sandy areas as the organie content is dimdinished. On the very sandy
areas, cowpeas or sweet clover are good legumes to grow. Ground limestone and
organic manures are of the greatest importance in the improvement of this soil.
‘While the total supply of phosphorus is much less than in the brown silt loam,
the porous character of the subsurface and subsoil, which affords a deep feed-
ing range for plant roots, is likely to more than counterbalance this lack, so that
the application of phosphorus is not advised except where other limiting soil
factors have been provided for. Initial applications of 3 to 4 tons per acre of
limestone should be made with about 2 tons every four or five years thereafter.

Black Clay Loam (520, 920, 1120)

Black clay loam is one of the types that represent the flat, heavy, prairie
land that is sometimes called ‘‘gumbo,’” because of its sticky character. Its
formation in the flat, poorly drained areas is due to the accumulation of organic
matter and the washing in of clay and fine silt from the slightly higher adjoin-
ing lands. This type occupies 979 acres, or .18 percent of the area of the county.

The surface soil, 0 to 624 inches, is a black, granular, plastic clay loam
varying to black eclayey silt loam. It contains about 7.4 percent of organic
matter, or 74 tons per acre.

The natural subsurface stratum has a thickness of 10 to 16 inches, and
varies from a black at the top to a pale yellowish drab clay loam, usually some-
what heavier than the surface soil. The stratum as sampled (624 to 20 inches)
contains about 3.4 percent of organic matter, or 68 tons per acre. The stratum
is pervious to water, owing prinecipally to the jointing or checking from shrinkage
in times of drouth.

The subsoil to a depth of 40 inches varies from a drab to a yellowish drab
silty clay. As a rule, the iron is not highly oxidized, because of poor drainage
and lack of aeration. Conecretions of carbonate of lime are sometimes found.
The perviousness of the subsoil is about the same as that of the subsurface, and
is due to the same cause. When thrown out on the surface where wetting and
drying may take place, it soon breaks into small cubiecal masses.

Black clay loam grades into other types, especially into black silt loam and
brown silt loam. The washing in of silty material from the higher surrounding
land, especially near the edges of the area, gives the surface a silty character.
This change is taking place more rapidly now than formerly, when washing
was largely prevented by prairie grasses.

Treatment—Drainage is the first requirement in the management of this
type. It is easily tile drained where an outlet is obtainable. Keeping the soil
in good tilth is very essential, and thoro drainage helps to do this to a great
extent.

As the organic matter is destroyed by cultivation and nitrification, and as
the limestone is removed by cropping and leaching, the physical condition of
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the soil becomes poorer, and as a consequence it becomes more difficult to work.
Both organic matter and limestone develop granulation, a very necessary con-
dition for maintaining the tilth, especially of heavy soils. The organiec matter
should be maintained by turning under farm manure and crop residues, such
as corn stalks and straw, and by the use of clovers and pasture in rotations.

Altho the sample collected in Bureau county shows no limestone present,
this type is likely to vary in this respect. It is therefore advisable to apply the
simple tests for limestone described in the Appendix (page 43), and in case
limestone is not present this material should be applied at the rate of at least
2 tons per acre.

‘While black clay loam is one of the best soils in the state, yet the clay and
humus which it contains give it the property of shrinkage and expansion to
such a degree as to be somewhat objectionable at times, especially during drouth.
‘When the soil is wet, these constituents expand, and when the moisture evap-
orates or is used by the crops, they shrink. This results in the formation of
cracks which are sometimes as much as two or more inches in width at the surface
and extend with lessening width to two or three feet in depth. These cracks
allow the soil strata to dry out rapidly, and as a result the crop is injured thru
lack of moisture. They may do considerable damage by ‘‘blocking out’’ hills of
corn and severing the roots. While cracking may not be prevented entirely,
good tilth and a soil mulch will do much toward that end. Both for aeration
and as a means of producing a mulch for conserving moisture, cultivation is
more essential on this type than on the lighter types of soil. It must be remem-
bered, however, that cultivation should be as shallow as possible in order to avoid
injuring the roots of the corn.

The results of field experiments on this type of soil are given on page 64
of the Supplement.

Black Silt Loam (225, 525, 725, 925, 1125)

Black silt loam occupies low, flat areas or sloughs, occurring in situations
somewhat similar to those of the black clay loam (—20), but it has had more of
the coarser material washed in, and as a result is somewhat friable and silty.
It covers a total area of 4,813 acres. In topography, this type is flat and naturally
poorly drained.

The surface soil, 0 to 624 inches, is a black silt loam varying on the one
hand to brown silt loam, and on the other to black elay loam, and even grading
toward muck in some cases. It is quite granular, and as a result is very pervious
to both air and water. It eontains 10.1 percent of organic matter, or 101 tons
per acre. This is one of the richest soils in organiec matter excepting the peats.

The natural subsurface is from 12 to 16 inches thick, and is a black to a
dark brown clayey silt loam beeoming drab or yellowish drab at the beginning
of the subsoil. The subsurface stratum (624 to 20 inches) contains 4.9 percent
of organic matter, or 98 tons per acre.

The subsoil is a yellow or drabbish yellow clayey silt that permits free move-
ment of water.

Treatment—In the management of this type the same precautions should
be observed with respect to drainage and the maintenance of organic matter as
in the management of black clay loam.
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Brown-Gray Silt Loam on Tight Clay (228, 528, 1128)

Brown-gray silt loam on tight clay is found only in small isolated areas that
cover altogether but 83 acres. These areas usually occupy depressions in which
some peculiar conditions of drainage have produced this soil.

The surface soil, 0 to 624 inches, is a brown silt loam with areas of a grayish
tint, especially when the soil becomes dry following a rain. The surface stratum
contains about 4.1 percent of organic matter, or 41 tons per acre.

The subsurface is a gray silt loam becoming more yellow as the subsoil is
approached. It is slowly pervious to water. This stratum contains 1.7 percent
of organic matter. A sudden decrease in the organic matter content of the sub-
surface is characteristic of this type.

The subsoil is a tough, plastic, impervious clay, of a brownish gray or yellow
color.

Treatment—The first requirement of this type is good drainage, and this
is somewhat difficult to secure at first because of the impervious character of
the soil. After the soil is thoroly tile-drained, froms 8 to 5 tons per acre of
crushed limestone should be applied, and deep rooting crops, such as red, mam-
moth, or preferably sweet clover, should be grown. These legumes, along with
any available manure and crop residues, should be turned under for soil im-
provement. Applications of from 14 to 1 ton per acre of rock phosphate should
be made every four or five years until 2 tons have been applied.

Dune Sand (581, 781, 981, 1181)

The dune sand on the upland occurs as small, irregular patches scattered
over the sandy-loam areas and widely distributed over the west half of the
county. They represent the higher dunes of this county, which have never been
covered with finer material or from which the fine material has been removed
by wind and water. The total area is 160 acres, or .02 percent of the area of
the county. This dune sand type does not differ from the terrace dune sand,
and for further discussion of its character and treatment the reader is referred
to the description of terrace dune sand (page 25).

Gravelly Loam (290, 790, 990, 1190)

Gravelly loam occurs principally in Towns 15 and 16 North, Range 7 East,
in small irregular areas, and covers altogether 1,005 acres in this county.

The surface soil, 0 to 624 inches, is a brown gravelly loam containing 2.2
percent of organic matter, or 22 tons per acre.

The subsurface is a light brown gravelly sandy loam, having an organie-
matter content of 1.1 percent.

The subsoil is a yellowish or brownish gravel.

Treatment—Where this type does not contain too muech coarse material,
good crops may be grown. It is necessary that the organic matter be maintained
or even increased.

(b) UPLAND TIMBER SOILS

The upland timber soils occur as irregular zones along streams and on or
near somewhat steep morainal ridges. They are characterized by a yellow, yel-
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lowish gray, or gray color, which is due to their facilities for oxidation and to
their low organie-matter content. The deficiency of organic matter has been
caused by the long-continued growth of forest trees. After the forest invaded
the prairies two effects were produced: first, the shade from the trees prevented
the growth of prairie grasses, the roots of which are mainly responsible for the
large organic-matter content in prairie soils; second, the trees themselves added
very little organic matter to the soil, for the leaves and branches either decayed
completely or were burned by forest fires. Furthermore, the organic matter that
had been produced by the prairie grasses became gradually dissipated during
the occupation of the land by the trees. As a result, the organie-matter content
of the upland timber soils has been reduced until it is decidedly lower than
that of the adjacent prairie land. Several generations of trees were necessary
to produce the present condition of the soil.

The upland timber soils comprize 135.46 square miles, or 15.67 percent of
the entire area of the county.

Yellow-Gray Silt Loam (234, 534, 734, 934, 1134)

Yellow-gray silt loam generally occurs in the outer timber belts along
streams. The type covers 78.37 square miles, or about 9 percent of the entire
area of the county. In topography it is sufficiently rolling for fair surface drain-
age without much tendency to wash if proper care is taken.

The surface soil, 0 to 624 inches, is a yellow, yellowish gray, gray, or gray-
ish brown, silt loam, pulverulent, but not granular. The more nearly level areas
are gray in color, while the more rolling phase of the type is a grayish yellow or
brownish yellow. As the type approaches the brown silt loam it becomes de-
cidedly darker. The organic-matter content varies from 2 to 3.5 percent, with
an average of 2.6 percent, or 26 tons per acre. The greatest variation in the
organic-matter content is found in the more rolling areas where erosion has taken
place.

In some places it is extremely difficult to draw the line between the long-
cultivated and somewhat eroded brown silt loam, and the yellow-gray silt loam.
This is especially true in some parts of the upper Illinoisan glaciation, notably
in Town 14 North, Range 8 East, and Towns 15 North, Ranges 6 and 7 East.
Here the brown silt loam. is quite rolling and the slopes have in some cases eroded
sufficiently so that they are mapped as yellow-gray silt loam. They probably
never have been timbered.

The variation in texture of the surface stratum is due, to some extent, to
the irregular deposition of sand by the wind. In some of the yellow-gray silt
loam areas near the former extensive swamp, sand has been blown onto the up-
lands, thus increasing the normal amount of sand to such an extent that some
very small areas, not sufficiently large to map, are sandy loams.

The natural subsurface stratum varies from 3 to 5 inches in thickness on
the more rolling parts and from 8 to 14 inches on the more level areas, with an
average of about 10 inches. It is usually a gray, grayish yellow, or yellow silt
loam. The organic-matter content of the stratum sampled (624 to 20 inches)
varies from .6 to 1 percent, with an average of .8 percent, or 16 tons per acre.
The physical composition of the subsurface varies with the surface.

The subsoil is a yellow or a mottled grayish yellow clayey silt or silty clay,
somewhat plastic when wet, but friable when only moist. It is pervious to
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water. The subsoil varies in physical composition even more than the surface
stratum. Frequently boulder clay constitutes part or all of the subsoil. Some-
times sand may be encountered in the subsoil at a depth of from 30 to 40 inches.
The sand was deposited by the wind previous to the deposition of the loess which
constitutes most of the soil material of the upland in Bureau county.

This type drains well except on some of the more level and older forested
areas, where a somewhat tough and tight clayey layer has developed that re-
tards the movement of water.

Treatment.—In the management of yellow-gray silt loam, it is very neces-
sary to maintain or even to increase the organic-matter content. This is neces-
sary in order to supply nitrogen and liberate mineral plant foods; to give the
soil better tilth; to prevent running together during heavy rains; and to pre-
vent erosion on the more rolling phase. Rotations should be practiced that for
a time at least will keep the soil in pasture, clover, or alfalfa, and reduce the
tilled erops to a minimum acreage.

The samples analyzed showed considerable acidity especially in the sub-
surface. In such cases ground limestone should be applied in order that legumes
may be grown successfully. An initial applieation of 2 to 4 tons per acre is
suggested, after which 1 to 2 tons per acre every four or five years will probably
be sufficient. Since the soil is poor in phosphorus, this element should be applied.
In permanent systems of farming, finely ground natural rock phosphate will be
found the most economical form in which to supply the phosphorus, altho when
prices are normal steamed bone meal or acid phosphate may well be used tem-
porarily until plenty of decaying organic matter can be provided.

For results from practical field experiments upon yellow-gray silt loam, see
page 65 of the Supplement.

Yellow Silt Loam (235, 535, 735, 935, 1135)

Yellow silt loam oceurs as hilly and badly eroded land on the inner timber
belts adjacent to the streams, usually in narrow irregular strips with arms ex-
tending up the small valleys. The type covers an area of 56.88 square miles,
or 6.58 percent of the area of the county.

The surface soil, 0 to 624 inches, is a yellow or grayish yellow friable silt
loam. It varies greatly in color, owing to recent erosion. In places the natural
subsoil may be exposed, and this gives it a decidedly yellow color. When freshly
plowed the soil appears yellow or grayish yellow, but when it becomes dry after
a rain it is decidedly gray. The surface soil in some places may be composed
of boulder clay, which usually contains more or less gravel. The area of this,
however, is very limited. Near sandy-loam areas the surface soil may be some-
what sandy and may even become a sandy loam, but these areas are usually
too small to be shown on the map. The organic-matter content varies from 2
to 2.4 percent, with an average of 2.2 percent, or 22 tons per acre.

The natural subsurface varies from an inch or two to 12 inches in thick-
ness, and is usually a yellow silt loam, altho on the steepest slopes it may con-
sist of a clayey silt loam. In other places it may contain a considerable amount
of sand. The organic-matter content of the stratum sampled (624 to 20 inches)
is about 14 tons per acre.

The subsoil is normally a yellow clayey silt. On the more eroded areas,
however, it may be composed in part or entirely of boulder clay or drift, and
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where the wind has transported a great deal of sand the subsoil may be sandy
or even a sand.

Treatment.—The first and most important point in the management of this
type is the prevention of general surface-washing and gullying. If the land
is cropped at all a rotation should be practiced that will require cultivated
crops as little as possible and allow pasture and meadow most of the time. If
tilled, the land should be plowed deeply and contours should be followed as nearly
as possible in plowing, planting, and cultivating. Furrows should not be made
up and down the slopes. Every means should be employed to maintain and to
increase the organic-matter econtent. This will help to hold the soil and keep
it in good physical condition so that it will absorb a large amount of water
and thus diminish the run-off. (See Bulletin 207, ‘“ Washing of Soils and Meth-
ods of Prevention.’’)

According to the analyses of the samples of yellow silt loam collected in
Bureau county, limestone is sometimes present in the subsoil but none of this
material is econtained in the surface or subsurface. However, it is known that
in this general region of the state limestone occasionally occurs in abundance in
the subsurface stratum. In view of this fact, therefore, it is recommended that
the test for soil acidity, as deseribed in the Appendix, be made. If this test in-
dicates the absence of limestone near the surface, then this material should be
applied at the rate of 2 to 4 tons per acre.

One of the best crops to be grown on land that is gullied or is likely to wash
badly is sweet clover. This furnishes a large amount of good pasture and en-
courages the growth of blue-grass. Both the clover and the blue-grass tend to
hold the soil and prevent washing. Alfalfa is another good legume crop to be
grown on this type of soil. It will be useless, however, to sow either sweet clover
or alfalfa if the soil is acid.

For an account of experiments with yellow silt loam soil the reader is re-
ferred to page 67 of the Supplement.

Yellow-Gray Sandy Loam (964, 1164)

The total area of yellow-gray sandy loam amounts to but 134 acres. It
oceurs along Bureau creck where the sand has been blown onto the upland.

The surface soil, 0 to 624 inches, contains 1.6 percent of organic matter,
or 16 tons per acre, and consists of a yellow or a grayish yellow sandy loam.

The subsurface contains .6 percent of organic matter, or 12 tons per acre.
It is more sandy than the surface and passes into a yellow sand.

The subsoil is a yellow sand.

Treatment.—The primary consideration in the management of this type is
the increasing of the organic-matter content. This may be done by turning un-
der farm manure, crop residues, and legume crops. From 3 to 4 tons per acre
of limestone may well be applied for the successful growing of clovers.

(¢) TERRACE SOILS

Terrace soils have been developed on terraces or old fills in valleys. A large
area in the northwestern part of Bureau county was formerly rather low and
swampy. This is a broad terrace formed by deposits made by the Rock and
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Green rivers during the period when the early and the late Wisconsin glaciers
were melting. Large amounts of sand and gravel were carried down the flooded
Rock river and were spread out over an cxtensive area in this part of the state
forming a region known as the Winnebago swamp. This deposit is more than
200 feet deep. It is very probable that the old valley that connected the Rock
river with the Illinois aided in producing the extreme width of the terrace in
this region. Much of the sand that was deposited by streams was re-worked
by the wind, producing the sand dunes of the county. Distinet terraces are
found along Bureau creek and some of its tributaries as well as along the Illi-
nois river. These were formed in the usual way by the partial filling up of
the valley by overloaded streams which later cut down thru this fill, leaving
the terrace from 20 to 50 feet above the present flood plain of the stream.

Brown Silt Loam over Gravel (1527)

Brown silt loam over gravel covers 59.65 square miles, or nearly 7 percent
of the area of the county. A few small areas occur along Bureau creek and
its tributaries, but most of the type is to be found in the terrace region in the
west half of the county. The topography varies from flat to slightly undulating.

The surface soil, 0 to 624 inches, is a brown to a dark brown granular silt
loam containing from 3.3 to 7.8 percent of organic matter, with an average
of 5 percent, or 50 fons per acre. In this constituent it differs but little from
the brown silt loam of the upland. In physical composition the soil varies from
a dark brown clayey silt loam to a silt loam with a considerable percentage of
sand. Occasionally very small areas of sandy loam occur which are not large
enough to be shown on the map.

The natural subsurface stratuwm varies from 8 to 12 inches in thickness and
is a brown to a yellowish brown silt loam, containing in many cases a perceptible
amount of sand.

The subsoil usually consists of a pale yellow to a drabbish or grayish yellow,
slightly clayey silt, but it varies considerably. In some places the subsoil is
rather sandy and may even pass thru gray-colored sand, and in others some
gravel is found mixed with the finer clayey material.

Treatment.—DMuch of the type has been artificially drained. The strata are
pervious and afford ready movement of water. Gravel or sand is not usually
encountered until a depth of 55 to 60 inches has been reached. This deposit
would afford good underdrainage if the water table could be lowered sufficiently.

In the management of this type, organic matter must be maintained by
every available means, especially on the undulating phase. The phosphorus
content is slightly lower than that of the upland brown silt loam. With respect
to phosphorus the same treatment is recommended as that given for the upland
brown silt loam, page 14. Applications of from 2 to 3 tons per acre of limestone
will in all probability be profitable for the growing of clovers.

Brown Sandy Loam (1560)

Brown sandy loam covers an area of 27.94 square miles, or 3.24 percent of
the area of the county. It is confined mostly to the northwestern part of the
terrace or swamp area. In topography, it varies from flat to somewhat rolling,
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the rolling character being produced by sand dunes. In the sand dune areas
it usually occupies the lower lying parts.

The surface soil, 0 to 624 inches, is a brown sandy loam containing about
3.1 percent, or 31 tons per acre of organic matter. It varies in texture from a
somewhat fine to a coarse sand.

The motural subsurface is about 14 inches in thickness and consists of a
brown to a brownish yellow sandy loam, rather variable in sand content. The
organic-matter content is 1.7 percent, or 34 tons per acre, in a stratum 1314
inches thick.

The subsoil varies from a yellow silty sand to a yellow sand.

Treatment.—All strata are pervious to water so that underdrainage takes
place readily. Natural drainage is not always sufficient and therefore it is some-
times advisable to resort to artificial drainage.

After drainage, the maintenance of organic matter and nitrogen are the
most important considerations in the management of this type. These materials
may be provided by utilizing the farm manure produced and supplementing this
by turning under corn stalks, straw, and clovers when these are not fed on the
farm. Altho the content of phosphorus is not high, fair results may be ob-
tained without the application of phosphorus because of the large feeding range
of the plant roots in this loose soil. In time, however, as the content is re-
duced, applications of this element will doubtless be profitable. Sinee all strata
of this type of soil are lacking in limestone, an initial application of 3 to 4
tons per acre of this material should be made, with 1 to 2 tons every four or
five years thereafter.

Black Sandy Loam (1561)

Black sandy loam is found entirely in the terrace area in the northwest part
of the county. It is most abundant in the vicinity of Green river, an area
which was at one time occupied by an old lake or swamp. The topography is
flat with only very slight undulations, rarely more than a foot or itwo in height.
The total area covered amounts to 8,627 acres.

The surface soil, 0 to 625 inches, is a black sandy loam, usually containing
sufficient clay to render the soil slightly plastic. This stratum contains in the
main about 6.4 percent of organic matter, or 64 tons per acre, altho the organie-
matter content varies rather widely, and small Iocal areas contain a sufficient
amount to be classed as peaty loam. Soils of this kind do not usually possess
plasticity.

The natural subsurface soil, which is from 14 to 16 inches in thickness, varies
from black to brown in color, and passes into a yellowish sandy material in the
subsoil. In some places a perceptible amount of gravel occurs. The stratum
sampled (624 to 20 inches) contains 2.2 percent of organiec matter, or 44 tons
per acre.

The subsoil varies from a yellow, drabbish yellow, or drab, clayey sand to
a yellow or drab sand. It contains .9 percent of organic matter.

Treatment.—The type generally needs drainage. Drainage and good culti-
vation are the principal points in its management. Spots of alkali are frequently
found on which corn does not do well, and where oats lodge badly. Applica-
tions of coarse stable manure, potassium salts, or a crop of sweet clover turned
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under will enable a good crop of corn to be grown. Sweet clover does especially
well on soil of this character. The black sandy loam is becoming slightly acid
in many places.

Dune Sand (1581)

Dune sand of the terrace occupies 6,906 acres, or 1.25 percent of the area
of the county.

The surface soil, 0 to 624 inches, is a light brown or grayish yellow loamy
sand containing about 1.1 percent of organic matter, or 11 tons per acre.

The subsurface varies from a light brownish yellow to a yellow sand. It
contains .7 percent of organic matter.

The subsoil is yellow sand.

Treatment.—In the management of this type, the principal problems are
to prevent blowing and to maintain the supply of nitrogen. In this county
there would be very little blowing of these sandy areas if they were left in
their natural state. In many places the native vegetation has been destroyed
by pasturing too closely or by cropping, thus giving the wind an opportunity
to do its work. This results in the formation of ‘‘blow-outs,”’ which are simply
small areas, from a fraction of an acre to five acres in size, from which the
sand is being blown. The sand from these blow-outs usually covers some better
soil in the vieinity. The action of the wind may result in the ruin of the land
if some protection is not given it. Wind erosion on this soil is worse than water
erosion on other soils. Sand possesses very little cohesion, and it therefore is
readily moved by the wind; but when organiec matter is added this acts as a
feeble cement that is sufficiently strong, however, to bind the particles together
and thus prevent blowing.

To prevent the movement of sand by the wind, it is necessary either to
have wind breaks, or to keep the soil covered with vegetation, or to incorporate
organic matter. The latter two methods are really the only practical ways of
preventing blowing. Every means should be used for inecreasing the organic
matter content and for keeping a cover crop on the soil during the larger part
of the year. Small grains are better adapted to accomplish this than corn.

The plants that are best adapted to sand dunes are legumes, which to a
very large extent are independent of the nitrogen in the soil. It is interesting
to know that a few legumes have adapted themselves to the sand to a remark-
able degree. The climbing wild bean is a legume that is growing very abundantly
on sand areas. It reseeds itself without any difficulty, and wheat or rye fields
are soon covered with a growth of this plant after the erop has been removed.
In some cases a ton or more to the acre is produced. It would seem that this
plant might well be distributed over all the sand areas, especially those that are
likely to blow.

Cowpeas are well adapted to growing on these sand soils. They furnish
a large amount of organic matter to hold the sand and also the necessary nitro-
gen for growing other crops. Where wheat or rye is grown, the drill, with peas,
should follow the binder. Normally they will make sufficient growth to add a
considerable supply of organic matter and protect the soil during the winter.
If the land is reseeded to wheat, the cowpeas may well be allowed to stand and
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the wheat seeded in them, leaving the vines to protect the sand during the
winter. Recent experiments show that two of the best crops for sand are sweet
clover and alfalfa.

F1é. 1.—A LARGE ‘‘BLow-0uT’’ WITH MANY SMALLER ONES IN THE DISTANCE
A SAND FARM MAY SooN BE RUINED BY NEGLECT

In the growing of a corn crop on sandy land, the lower blades usually die
prematurely. This is commonly spoken of by farmers as ‘‘firing’’ and is at-
tributed to a lack of moisture. While a deficiency of moisture may be responsi-
ble to a certain extent, the trouble is more often due to a lack of the element
nitrogen. A liberal supply of organic matter, especially that from legumes, will
do much to prevent firing.

In the management of a crop on sandy land, cultivation should be praec-
ticed no more than is absolutely necessary and should then be as shallow as
possible. Sand is naturally well adapted to prevent moisture from evaporating,
and there is no necessity for any more cultivation than is really necessary to
kill the weeds. Some farmers in Michigan never cultivate their corn crop on
sand soil, but instead cut out what few weeds there ‘are with a hoe, and they
succeed in raising larger erops than where cultivation is practiced.

Foresting is a practical way of conserving these sand soils. Black locust
(a leguminous tree) seems to do exceptionally well on sand. One difficulty that
has been experienced is that the locust tree is damaged by borers; but if it is
used to start a growth and hold the sand temporarily, other trees may then be
interplanted with the result that the sand will be held permanently. After the
blowing of sand is once stopped, very careful treatment is required to prevent
a recurrence of the trouble. Pasturing should be done very carefully, so that
the grass will not be entirely destroyed.

‘While the acidity is not high, the sand soil is entirely devoid of limestone.
For satisfactory results, therefore, an application of from 2 to 4 tons per acre
of limestone is recommended, and the supply should be maintained by subse-
quent applications every four or five years. When potash salts can be secured
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at reasonable cost, their use is likely to produce profitable results, at least tem-
porarily, in getting under way systems of permanent improvement. This ap-
plies more especially to the level areas, which were originally sandy swamps.

As the nitrogen content is exceedingly low, successful crop produetion on
this type of soil rests upon the building up of the supply of this element, and
this can be accomplished thru the growth of legumes as recommended above.

The phosphorus content of this sand type is not high, only 780 pounds per
acre of this element being present in the plowed soil, but it exists to a con-
siderable extent in other constituents than sand grains. This is shown by some
work of the United States Bureau of Soils in which two types of sandy soil,
glacial sand and sandy loam, were separated into coarse and fine particles. Each
grade was analyzed for phosphorus, and it was found that as an average of the
two soils the fine portion was eighteen times as rich in the element phosphorus
as the coarse. Under successful eropping, the limited amount of phosphorus
contained in this dune sand would sooner or later become exhausted, altho field
experiments might not indicate a need of phosphorus at first.

Fi¢. 2—THE TRAILING WILD BEAN HOLDS THE SAND AND ADDS NITROGEN AND
ORGANIC MATTER

The total supply of potassium is much smaller than is found in the more
common soils. As to its availability for growing crops on sandy soils, field ex-
periments have shown some discrepancies in results, owing probably to a varia-
tion in the condition in which the potassium exists. Definite recommendations,
therefore, regarding the application of potassium to this type of soil must await
the collection of more reliable information. (On swamp sands and sandy loams
long exposed to leaching, potassium is often the first limiting element, especially
where a fair supply of humus exists, as in the so-called ‘‘black sand.”’)

For an account of field experiments on sand soil see page 70 of the Sup-
plement.
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Black Mixed Loam (1550)

Black mixed loam occurs in the terrace region in the northwest part of the
county, principally in Town 18 North, Range 7 East. The total area covered
amounts to 2,515 acres. The topography is flat with occasional slight undula-
tions not more than two feet in height.

The surface soil, 0 to 624 inches, is a black loam, so variable in composition
that it cannot be divided into distinet soil types. Small areas may be peat,
others peaty loam, black clay loam, or sandy loam, and this mixed character
makes it impossible to separate it into distinet types. The surface stratum con-
tains about 10.5 percent of organic matter, or 105 tons per acre.

The naturel subsurface usually varies from 14 to 18 inches in thickness,
and is a black mixed loam becoming drab or drabbish yellow with depth. The
organic-matter content is approximately 3.9 percent, or 78 tons per acre in a
stratum twice the thickness of the surface soil.

The subsoil is variable in composition and eolor, but usually consists of a
mixture of clay, silt, sand, and gravel. It contains about 1.2 pereent of organic
matter.

Treatment.—This soil is very rich in organic matter, nitrogen, and phos-
phorus. The first thing to be considered in the management of this type is drain-
age, and the pervious character of the strata enables this to be accomplished
very readily where the proper outlet can be obtained. This type eontains many
alkali areas, the treatment of which should be the same as that recommended for
the alkali spots in the black sandy loam (1561) deseribed above.

Black Silt Loam (1525)

Black silt loam is found in the terrace area of the western part of the
county, and occupies the low, undrained areas of the higher part of the ter-
race. The total area amounts to 3,149 acres. The topography is flat with an
occasional slight undulation of a foot or two. These higher parts are frequently
strongly alkaline, and require special treatment before corn and oats can be
grown successfully.

The surface soil, 0 to 624 inches, is a black silt loam, which varies from a
clayey silt, bordering on black clay loam, to a slightly sandy phase. (ccasional
patches which are very high in organic matter cause the type to grade toward
clayey muck. This stratum contains about 6.1 percent of organic matter, or
61 tons per acre.

The natural subsurface, which is represented by a stratum 12 to 20 inches
thick, is a black silt loam varying on one hand to a black clay loam, and on
the other to sandy loam. The subsurface stratum as sampled (624 to 20 inches)
containg about 5.9 percent of organic matter, or 118 tons per acre.

The subsoil is a blackish to drabbish yellow clayey silt or silty clay, frequently
containing some pebbles and a considerable amount of sand in local areas. Tt
containg about 2.1 percent of organic matter. In one area a bright, brownish
yellow stratum about 2 or 3 inches in thickness was found in the subsoil. This
material contained so much phosphorus as to cause the subsoil sample, 20 to
40 inches, to show over 33,000 pounds per acre.

Treatment—The first requirement of this soil is drainage, and this, with
good cultivation, is about all that is needed for the present.
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Yellow-Gray Sandy Loam (1564)

Yellow-gray sandy loam occurs in the terrace in the northwest part of the
county and covers 3,174 acres. It represents some of the higher areas, together
with many sand dunes, that have been covered with finer material. The char-
acter of the soil has been somewhat modified by the growth of forests consist-
ing principally of black oak (Quercus marylandica). The topography varies
from flat to somewhat rolling, the latter condition being caused by sand dunes.

The surface soil, 0 to 624 inches, is a yellow to grayish yellow and brownish
vellow sandy loam, usually containing large amounts of sand and grading into
dune sand in many places. On this type, many small areas, especially those
having dune topography, could be mapped as sand, were the areas large enough.
The surface stratum contains about 2.4 percent of organic matter, or 24 tons
per acre.

The subsurface varies from a silty sand or even a sandy silt to pure sand,
and is usually yellow in color. There is a decrease in the amount of organic
matter in the subsurface, the analysis of which shows only .7 percent.

The subsotl consists of a yellow silty sand or sand.

Treatment.—The type is rather low in productiveness, due to the low or-
ganic-matter content. The best way to improve this condition is to turn under
manures and all crop residues possible. The addition of limestone to the amount
of 3 or 4 tons per acre will permit the growing of clover, which is so effectively
used for soil renovation. Sweet clover could be used to excellent advantage on
this type. The entire crop with the exception of the seed should be turned
under.

Brown Fine Sandy Loam (1571)

In the northeast township of the county, there are several areas of brown
fine sandy loam that aggregate 1,165 acres. This type varies in topography
from flat to slightly undulating.

The surface soil, 0 to 624 inches, is a brown fine sandy loam, varying on
one hand to a brown silt loam, and on the other hand to a brown medium sandy
loam. It contains some small areas of ordinary sandy loam that represent low
dunes. The organic-matter content is about 4.4 percent, or 44 tons per acre.

The natural subsurface is represented by a stratum 8 to 12 inches thick,
and is a brown fine sandy loam, usually becoming more sandy with depth until
it passes into a yellow silty sand. The subsurface stratum as sampled (624 to 20
inches) contains about 1.9 percent of organic matter, or 38 tons per acre.

The subsoil is a yellow to a drabbish yellow silty sand, frequently passing
into almost pure medium sand.

Treatment.—After drainage, the maintenance of organic matter and nitro-
gen is the principal consideration in the management of this type. Applica-
tions of 3 or 4 tons per acre of limestone should be made for the suecessful grow-
ing of clover.

Black Clay Loam (1520)

A few areas of black clay loam are found on the upper terrace that aggre-
gate but 422 acres. The topography is flat.
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The surface soil, 0 to 625 inches, is a black, plastic, granular clay loam,
varying toward a black silt loam. It contains about 7.5 percent of organic
matter, or 75 tons per acre.

The natural subsurface, 10 to 18 inches in thickness, is a black to a dark
drab clay loam, considerably heavier than the surface. The stratum, as sampled
(624 to 20 inches) contains about 4.2 percent of organic matter, or 84 tons per
acre.

The subsoil is a heavy drab to yellow clay loam, containing about 1.5 per-
cent of organic matter. It contains in some cases a small amount of gravel.

Treatment—Drainage is the first requirement of this type. In spite of
the heavy character of the strata, drainage takes place readily, due to the joints
in the soil produced by shrinkage in times of dreuth.

In this type it is doubly necessary to maintain the supply of organic matter
in order to keep the soil in good physical condition and to give it easy working
qualities. Limestone also must be maintained for the same purpose.

Brown-Gray Sandy Loam on Tight Clay (1568)

Brown-gray sandy loam on tight clay is scattered over a considerable area
of the terrace, but not in large tracts. The total area covered by the type is
1,562 acres, or .28 percent of the entire county. For some reason a large amount
of very fine material has been deposited at variable depths in this type, which
has resulted in producing a tight layer thru which water passes with great diffi-
culty. This has changed the color of the subsurface soil to a gray, and has
rendered the soil less valuable. The topography of this type is generally flat.

The surface soil, 0 to 624 inches, is a brown to a grayish brown sandy loam.
When freshly plowed, the grayish color becomes more evident shortly after a
rain. Usually the gray shows up in small areas not more than three to six
rods in diameter. This stratum contains about 2.8 percent of organic matter,
or 28 tons per acre. In physical composition it varies somewhat toward a brown
silt loam.

The natural subsurface is represented by a layer 8 to 12 inches thick which
consists of a grayish sandy silt loam that varies to a gray sandy loam. The
organic-matter content of the stratum 624 to 20 inches is about 1.4 percent.

The subsoil is rather variable. The tight clay is not uniform in depth, but
may oceur at depths ranging from 16 to 30 inches. The thickness, too, is varia-
ble. The subsoil in general is a gray to yellowish gray sand with the tight
stratum econsisting of a sandy clay or a clayey sand.

Treatment—Drainage is one of the first requirements of this type of soil.
The presence of the tight clay stratum in the subsoil retards drainage to such
an extent that the lines of tile must be placed not more than four or five rods
apart, and even closer than this would be better. Deep-rooting crops are very
desirable, especially sweet clover, but it must be remembered that inoculation and
plenty of limestone are needed in growing it. The deep roots penetrate the tight
clay layer and will in time render it more pervious. At the same time, organic
matter must be added to the soil to increase granulation. As the limestone moves
downward, it too has a beneficial effect on granulation and tends to make the
soll more porous. Since the soil is acid, 4 or 5 tons per acre of limestone should
be applied at first with about 2 tons every four years afterward.
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Yellow-Gray Silt Loam over Gravel (1536)

Yellow-gray silt loam over gravel occurs principally along the streams in
the eastern and southern parts of the county as terraces from 40 to 60 feet
above the present bottom land. The total area amounts to 2,118 acres. The
topography varies from flat to slightly undulating, in some cases with a rather
steep incline to the present flood plain. The areas occur as remnants of the
former fill along Bureau creek and its branches, and also along the Illinois river.

The surface soil, 0 to 624 inches, varies from a grayish yellow to a yellow
silt loam, eontaining about 1.6 percent of organic matter, or 16 tons per acre.

The subsurface is a yellow silt loam, with approximately .6 percent of or-
ganic matter.

The subsoil is a yellow silt to a clayey silt. The gravel stratum is from 38
to 60 inches beneath the surface.

Treatment.—The drainage is good, owing to the presence of the deep sub-
soil gravel. The organic-matter content is very low, and every means should
be used for inereasing it. Limestone should be applied to permit the growing
of large crops of legumes for soil improvement. In addition to these, straw,
corn stalks, and all manure possible should be turned back into the soil. Phos-
phorus should be applied as the type is somewhat deflcient in this element.

Yellow-Gray Sandy Loam on Gravel (1564.4)

Yellow-gray sandy loam on gravel covers an area of 211 acres. It is al-
most entirely confined to the terraces along the Illinois river.

The surface soil, 0 to 624 inches, contains about 1.7 percent of organic
matter or 17 tons per acre.

The subsurface is a vellow silt loam, passing into sandy and gravelly silt,
the gravel beginning at from 18 to 24 inches. The subsurface contains about
.5 percent of organic matter.

The subsoil is a silty gravel.

Treatment.—This type of soil needs for its improvement all the organic
matter that can be economiecally worked into it. Besides organie matter and
nitrogen it is also in need of phosphorus and limestone. Since the gravel is so
near the surface, the type is not a good one to resist drouth.

Brown Sandy Loam on Gravel (1560.4)

Brown sandy loam on gravel occurs along Bureau creek and covers an area
of 77 acres.

The surface soil eontains about 2 percent of organic matter, or 20 tons per
acre. It is a light brown sandy loam, the sand being mostly coarse.

The subsurface contains approximately 1.2 percent of organic matter.

Treatment—The gravel is but 16 to 24 inches beneath the surface, and this
renders the type a poor one to resist drouth. Its treatment should be similar
to that recommended for the preceding type.

Brown-Gray Silt Loam on Tight Clay (1528)

The area of brown-gray silt loam on tight clay is very small, amounting to
but 109 acres. It does not differ in character from the upland type; therefore,
for recommendations the reader is referred to the discussion of this type under
upland soils. (See page 19).
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Gravelly Loam (1590)

There are only 109 acres of gravelly loam in the terrace. This should re-
ceive the same treatment as the upland type bearing this name. (See page 19).

(d) SWAMP AND BOTTOM-LAND SOILS

The bottom land of the Illinoisan glaciation represents the older bottom
lands, while the Towan and early Wisconsin represent the newer ones. There
is but little difference between the two.

Mixed Loam (1354, 1454)

The mixed loam is found along practically all the small streams of the
county, forming flood plains varying from a few rods to a mile in width. It
eovers a total area of 39.81 square miles, or 4.61 percent of the area of the
county. Mixed loam varies widely in physical composition, including small areas
of sand, sandy loam, silt loam, and even clay loam. These are usually so badly
mixed that a separation is not practical. During flood times, the character of
the soil may be changed entirely.

The surface soil, 0 to 624 inches, consists of a mixed loam containing from
3.6 to 6.1 percent of organic matter with an average of 4.9 percent, or 49 tons
per acre. The surface soil varies widely, a distance of a rod often giving en-
tirely different kinds of soil. Small areas of peat may occur.

The subsurface, to a depth of 20 inches, is a dark soil of varying texture,
containing about 3.6 percent of organic matter.

The subsoil varies from a brown to a drab or yellowish clayey silt to sandy
silt. It is sufficiently pervious for good drainage.

Treatment.—No applications of plant food are advised for this type of soil,
since it annually receives deposits from overflow sufficient to maintain the fer-
tility of the soil. It usually grows good crops unless damaged by overflow or
by poor drainage.

Deep Peat (1401)

Deep peat occurs mainly in the terrace region of the northwest part of the
county. The total area covered is 6,400 acres, or 1.16 percent of the area of
the county. Some of these peat deposits are very deep. One in Section 11,
Town 16 North, Range 7 East is said to be 65 feet deep, while the area in See-
tions 10 and 11, Town 17 North, Range 7 East, is from 30 to 40 feet deep.

The surface soil, 0 to 624 inches, consists of a brown to black, fairly well-
decomposed material containing from 31 to 56 percent of organic matter with
an average of 43.7 percent, or about 220 tons per acre.

The subsurface soil consists of material that is usually less decomposed than
that of the surface. The samples taken contained the same percent of organic
matter as the surface.

The subsoil contains, as an average, about 31 percent of organic matter.

Treatment.—The first requirement of this type is drainage. The best form
of drainage, especially at first, is the open ditch. Peat, because of its loose,
uncompacted condition, does not furnish a very good bed for tile. This may
be remedied, however, by putting a board in the bottom of the ditch and plac:
ing the tiles on that.
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Characteristic of peat, this soil is extremely rich in nitrogen, is well sup-
plied with phosphorus, but is very deficient in potassium, as compared with
ordinary fertile soils. Where thoro drainage can be provided either by open
ditches or by laying tiles deep enough to secure a solid bed for them, very
marked improvement can be made in the productive power of deep peat by the
liberal use of potassium, which is the only deficient element. Stable manure,
as well as straw and other crop residues which contain a certain amount of
potassium, can be used to supply this element, altho a more economical use of
the manure is made when applied to soil that can utilize the nitrogen to better
advantage than does peat. Experimental results, as obtained by the Experiment
Station, as well as practical experience on the part of farmers, have demon-
strated that kainit and the mineral potassium compounds such as the chlorid,
sulfate, or carbonate of potassium, are used on this kind of land with great
profit.

For an account of field experiments on deep peat the reader is referred to
page 72 of the Supplement.

Medium Peat on Clay (1402)

Medium peat on clay occurs almost entirely within the terrace region and
it covers an area of 2,061 acres. The topography is usually flat.

The surface soil, 0 to 624 inches, is a brown to black peat, and contains
about 44 percent of organic matter.

The subsurface is a sandy or clayvey material containing about 20 percent
of organiec matter. The upper half of the subsurface is usually peaty, and the
amount of organic matter gradually diminishes until at a depth of about 20
to 25 inches it passes into drab clay or clayey sand.

The subsoil varies largely in physieal composition, but is usually a drab
clay or a clayey sand.

Treatment.—The first requirement of this type is drainage. Owing to the
peculiar make-up of this soil its method of management may be rather variable,
particularly with respect to the application of potassium. The peaty layer of
the surface is very deficient in potassium while at the same time there is a large
store of this element in the clay lying at varying depths below the surface.
Sometimes good crops are obtained at once after drainage has been effected.
Sometimes but one application of potassium is required to start produection.
Sometimes the first erop is poor but subsequent erops become better owing to
the accumulation of potassium near the surface brought up from below by the
roots of the previous crops. Sometimes the gradual mixing of the materials of
the upper and lower strata thru tillage produces a good effect. Now and then
farmers report great success in improving this kind of land by deep plowing or
subsoiling, whereby the clayey material becomes incorporated with the peaty
substance.

Therefore, just what course to pursue in improving this land will depend to
a large extent upon the depth of the peaty layer, and the farmer must be
guided largely by experience. If, after thoro drainage has been effected, corn
fails to grow well, the indication is that potassium is needed either to supply a
natural deficiency or to overcome the effects of an alkaline condition that some-
times exists in this kind of soil.
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Peaty Loam (1410)

Within the terrace region a large amount of peaty loam is found, the total
area being 17.07 square miles, which is about 2 percent of the area of the county.

The surface soil, 0 to 624 inches, contains from 12 to 16 percent of organie
matter. The mineral constituent is principally white sand.

The subsurface contains from 3.2 to 4.5 percent of organic matter, with an
average of 3.8 percent.

The subsoil contains a little more than 2 percent of organic matter.

Treatment—The first requirement of peaty loam is drainage. The types,
peaty loam, (1410), black mixed loam (1450 and 1550), and black sandy loam
(1461 and 1561) frequently have some areas which do not grow good crops,
especially corn. The leaves of corn become striped with yellow, or turn yellow
or brown. The growth is not large and the plant presents a leafy appearance
due to the short joints of the stalk. These areas need potassium. It may be
supplied by applying from 100 to 200 pounds per acre of potassium chlorid or
potassium sulfate, or by turning under coarse manure, straw, or a green crop.

Much of the peaty loam contains spots of alkali, which are so strongly charged
that grain erops will not grow. A crop of sweet clover turned under will be very
beneficial on this alkali soil.

Black Clay Loam (1420)

Several small areas of black clay loam are found in the swamp region in
Towns 16 and 17 North, Range 6 East. These cover a total area of 160 acres.

The surface soil, 0 to 624 inches, is a black, plastic, very granular clay loam
containing about 7.5 percent of organic matter, and grading in this respect
toward clayey muck.

The subsurface is a black clay loam containing 4.2 percent of orgamnic
matter.

The subsoil is a dark drab clay loam containing 1.5 percent of organic
matter.

Treatment—Good drainage and good cultivation are the things necessary
in the management of this type.

Black Silt Loam (1425)

Black silt loam is found in the low, swampy part in Towns 16 and 17 North,
Range 6 Hast, occupying an area of 4,365 acres. The area is very flat and at
one time was a lake or swamp.

The surface soil, 0 to 624 inches, is variable in organie-matter content, but
averages about 13 percent, or 130 tons per acre. In physical composition it
varies from a black clayey silt to a black sandy loam with some small areas of
peat or clayey muck.

The subsurface sotl is a black clayey silt varying somewhat with the sur-
face. It contains about 4.9 percent of organic matter.

The subsotl is drab to drabbish yellow in color. It contains 2.9 percent of
organic matter.

Treatment—The first requirement of this type is drainage, and after this
is provided but little else is necessary other than good cultivation. Spots of
alkali are found.
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Deep Brown Silt Loam (1426)

Deep brown silt loam occurs only in the bottom land of the Illinois river.
It covers 8,256 acres. 1t is flat and usually so wet and swampy that it cannot
be cultivated.

The susface soil, 0 to 625 inches varies from a clayey silt to a silt loam in
texture, and from brown to black in color. It contains about 7.5 percent of
organic matter.

The subsurface contains approximately 4.2 percent of organic matter. It
becomes somewhat heavier with depth.

The subsoil varies to a greater extent than either of the other strata. In
some cases peat or muek has been covered by deposits during floods, and these
now form the subsoil. In one sample taken, the subsoil contained two times as
much organic matter as the surface.

Treatment.—Where the land is workable good cultivation is about all that
is necessary in the management of this type.

Black Mixed Loam (1450)

A number of small areas of black mixed loam occur in Town 17 North,
Range 6 East, covering 422 acres.

This soil is very similar to the terrace type of the same name (1550), and
should be managed in the same manner.

Black Sandy Loam (1461)

Black sandy loam is found as a broad swampy plain along the Green river
and covers 5,606 acres, or about one percent of the area of the county. The
area is very flat.

The surface soil is a black sandy loam containing some clay and varying
from a sandy clayey silt to a sandy loam with 65 to 70 percent of sand. It
contains about 9.9 percent of organic matter, or 99 tons per acre.

The subsurface soil contains 4.2 percent of organic matter, and varies some-
what the same as the surface.

The subsoil is drab in color and varies in physical composition from a sand
to a clay loam, the most common being a sandy to a gravelly clay. The organic-
matter content is about 1.6 percent. The subsoil frequently contains fragments
of calcium carbonate.

Treatment—Drainage and good cultivation are necessary for this type.
Alkali spots are rather abundant. For treatment of alkali spots, see deseription
of thi; type in the terrace (1561), page 24.



APPENDIX

EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY
CLASSIFICATION OF SOILS

In order to intelligently interpret the soil maps, the reader must under-
stand something of the method of soil classification upon which the survey is
based. Without going far into details the following paragraphs are intended to
furnish a brief explanation of the general plan of classification here used.

The unit in the soil survey is the soil type, and each type possesses more
or less definite characteristics. The line of separation between adjoining types
is usually distinet, altho sometimes one type grades into another so gradually
that it is very difficult to draw the line between them. In such exceptional cases,
some slight variation in the location of soil-type boundaries is unavoidable.

In establishing soil types several factors must be taken into account. These
are: (1) the geological origin of the soil, whether residual, cumulose, glacial,
eolial, alluvial, or colluvial; (2) the topography, or lay of the land; (3) the
native vegetation, as forest or prairie grasses; (4) the depth and the character
of the surface, the subsurface, and the subsoil, as to the percentages of gravel,
sand, silt, clay, and organic matter which they contain, their porosity, granula-
tion, friability, plasticity, color, ete.; (5) the natural drainage; (6) the agri-
cultural value, based upon its natural productiveness; (7) the ultimate chemical
composition and reaction,

Great Soil Areas in Illinois—On the basis of the first of the above men-
tioned factors, namely, the geological origin, the state of Illinois has been divided
into sixteen great soil areas with respect to their geological formation. The
names of these areas are given in the following list along with their correspond-
ing index numbers, the use of which is explained below. For the loeation of
these geological areas, the reader is referred to the general map published in
Bulletins 123 and 193.

100 Unglaciated, comprizing three areas, the largest being in the south end of the state
200 Illinoisan moraines, including the moraines of the Illinoisan glaciation
300 Lower Illinoisan glaciation, covering nearly the south third of the state
400 Middle Illinoisan glaciation, covering about a dozen counties in the west-central part
of the state
500 Upper Illinoisan glaciation, covering about fourteen counties northwest of the middle
Illinoisan glaciation
600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoisan
700 Iowan glaciation, lying in the central northern end of the state
800 Deep loess areas, including a zome a few miles wide along the Wabash, Illinois, and
Mississippi rivers
900 Early Wisconsin moraines, including the moraines of the early Wisconsin glaciation
1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation
1100 Early Wisconsin glaciation, covering' the greater part of the northeast quarter of the
state
1200 Late Wisconsin glaciation, lying in the northeast corner of the state
1300 Old river bottom and swamp lands, found in the older or Illinoisan glaciation
1400 Late river bottom and swamp lands, those of the Wisconsin and Towan glaciations
1500 Terraces, formed by overloaded streams draining from the glaciers and gravel outwash
plains
1600 Lacustrine deposits, formed by Lake Chicago or the enlarged Lake Michigan

Mechanical Composition of Soils.—The mechanical composition, or the tex-
ture, is a most important feature in characterizing a soil. The texture de-
pends upon the relative proportions of the following physical constituents:

36
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Organic matter: undecomposed and partially decayed vegetable material

Inorganic matter: clay, silt, fine sand, sand, gravel, stones.

Classes of Soils—Based upon the relative proportion of the various con-
stituents mentioned above, soils may be grouped into a number of well recog-
nized classes. Following is a list of these classes, arranged according to their
index numbers, the use of which is explained below.

Index Number Limits Clags Names
010 O.ureiiniiniiiiniieranscsnnannans Peats

T o T Peaty loams
1360 14. .0t iiiiiiinincensonnrensnsans Mucks

15 80 19 it innineinninenennnannens Clays

2060 24, ... i e i Clay loams
25 t0 4. ..ttt ettt e Silt loams

50 0 59.ivriniin ittt it et iaianee Loams

60 0 7. v iniiiiiiiiiiiietiseenanaans Sandy loams

B0 £0 8. it innin ittt Sands

90 £0 94, . .ottt i it Gravelly loams

05 10 97, ittt it i i e Gravels

2 A Stony loams

g Rock outerop

Naming and Numbering Soil Types—The naming of soil types has been the
subject of much discussion, and practice varies considerably in this matter. In
this soil survey of Illinois a system of classification and naming has been adopted
which is based upon the various considerations presented in the preceding
paragraphs.

After texture, one of the most striking characteristics of a soil is the color.
Therefore, in the naming of soils in Illinois, a combination of color and texture,
together with other descriptive terms when necessary, has been adopted so that
the name in itself carries a definite description of a given soil type; as for
example, ‘‘gray silt loam on tight clay,”” or ‘‘brown silt loam over gravel.”’
The use of the prepositions on and over serves to indicate the presence of certain
substrata. When the surface soil is underlain with material such as sand, gravel,
or rock, the word over is used if this material lies at a depth greater than 30
inches; if it is less than 30 inches, the word on is used.

For further identification of soil types a system of numbering, resembling
somewhat the Dewey library system, has been adopted whereby each soil type
is assigned a certain number. This number indicates at once the geological
origin of the soil as well as its physical deseription. The digits of the order of
hundreds represent the geological area where the soil is found, beginning at
100 with the unglaciated, and following in series in the order of the enumeration
presented in the paragraph above headed Great Soil Areas In Illinois. The
digits of the orders of units and tens represent, the various kinds of soil such as
are enumerated above in the list of soil classes. A modification of a soil type
called a phase is designated in this system by a figure placed at the right of the
decimal point. To illustrate the working of this numbering system, suppose a
soil type bears the number 726.5. The number 7 indicates that this soil occurs
in the Iowan glaciation, the 26 that it is a brown silt loam, and the .5 that rock
is found less than 30 inches below the surface. These numbers are especially
useful in designating small areas on the map and as a check in reading the
colors,
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A compiete list of the soil types oceurring in each county, along with their
corresponding type numbers and a description of the area covered, will be found
in the respective county soil reports.

SOIL SURVEY METHODS

Mapping the Soil Types.—In conducting the soil survey, the county consti-
tutes the unit of working area. In order that the survey be thoroly truthworthy
it is necessary that careful, well-trained men be employed to do the mapping.
The work is prosecuted to the best advantage by working in parties of from
two to four. Only such men are placed in charge of these parties as are thoroly
experienced in the work and have shown themselves to be especially well quali-
fied in training and ability.

The men must be able to keep their location exactly and to recognize the
different soil types, with their principal variations and limits, and they must
show these upon the maps correctly. A definite system is employed in checking
up this work. As an illustration, one man will survey and map a strip 80 rods
or 160 rods wide and any convenient length, while his associate will work inde-
pendently on another strip adjoining this area, and if the work is correctly
done the soil-type boundaries will match up on the line between the two strips.

An accurate base map for field use is absolutely necessary for soil map-
ping. The base maps are prepared on a scale of one inch to the mile, the official
data of the original or subsequent land survey being used as a basis in their
construction. Each surveyor is provided with one of these base maps, which he
carries with him in the field; and the soil-type boundaries, together with the
streams, roads, railroads, eanals, and town sites are placed in their proper loca-
tions upon the map while the mapper is on the area. Each section, or square
mile, is divided into 40-acre plots on the map, and the surveyor must inspect
every ten aeres and determine the type or types of soil composing it. The dif-
ferent types are indicated on the map by different colors, pencils for this purpose
being carried in the field.

A small auger 40 inches long forms for each man an invaluable tool with
which he ean quickly secure samples of the different strata for inspection. An
extension for making the auger 80 inches long is taken by each party, so that
any peculiarity of the deeper subsoil layers may be studied. Each man carries
a compass to aid in keeping directions. Distances along roads are measured by
an odometer attached to the axle of the vehicle or by some other measuring
device, while distances in the field away from the roads are determined by
pacing, an art in which the men become expert by practice. The soil boundaries
can thus be located with as high a degree of accuracy as can be indicated by
pencil on the scale of one inch to the mile.

Sampling for Analysis—After all the soil types of a county have been lo-
cated and mapped, samples representative of the different types are collected for
chemical analysis. For this purpose usually three strata are sampled ; namely,
the surface (0 to 624 inches), the subsurface (624 to 20 inches), and the subsoil
(20 to 40 inches). These strata correspond approximately, in the common kinds
of soil, to 2,000,000 pounds of dry soil per acre in the surface layer, and to two

times and three times this quantity in the subsurface and the subsoil, respee-
tively.
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By this system of sampling we have represented separately three zones for
plant feeding. The surface layer includes at least as much soil as is ordinarily
turned with the plow. This is the part with which the farm manure, limestone,
phosphate, or other fertilizer applied in soil improvement is incorporated, and
which must be depended upon in large part to furnish the necessary plant food
for the production of crops. Even a rich subsoil has little or no value if it lies
beneath a worn-out surface, but if the fertility of the surface soil is maintained
at a high point, then the strong, vigorous plants will have power to secure more
plant food from the subsurface and subsoil.

PRINCIPLES OF SOIL FERTILITY

Probably no agricultural fact is more generally known by farmers and land-
owners than that soils differ in productive power. Even tho plowed alike
and at the same time, prepared the same way, planted the same day with the
same kind of seed, and cultivated alike, watered by the same rains and warmed
by the same sun, nevertheless the best acre may produce twice as large a crop as
the poorest acre on the same farm, if not, indeed, in the same field; and the
fact should be repeated and emphasized that with the normal rainfall of TIli-
nois the productive power of the land depends primarily upon the stock of plant
food contained in the soil and upon the rate at which it is liberated, just as
the suceess of the merchant depends primarily upon his stock of goods and the
rapidity of sales. In both cases the stock of any commodity must be increased
or renewed whenever the supply of such commodity becomes so depleted as to
limit the success of the business, whether on the farm or in the store.

CROP REQUIREMENTS

Ten different elements of plant food are essential for the growth and forma-
tion of every plant. These elements are: carbon, ozygen, hydrogen, nitrogen,
phosphorus, sulfur, potassium, magnesium, calcium, and tron; and they are
represented by the chemical symbols: C, O, H, N, P, §, K, Mg, Ca, and Fe. Some
seasons in central Illinois are sufficiently favorable to allow the production of
at least 50 bushels of wheat per acre, 100 bushels of corn, 100 bushels of oats,
and 4 tons of clover hay. When such crops are not produced under favorable
seasonal conditions, the failure is due to unfavorable soil condition, which may

TasLE A.—Prant Foop v WaEAT, CorN, OaTs, AND CLOVER

Produce Nitrogen| Phos- | Sulfur | Potas- | Magne- |Calcium| Iron
Kind Amount phorus sium sium

Ibs. Ibs. lbs. lbs. bs. lbs. Ibs.
Wheat, grain. . ... 1 bu. 1.42 .24 .10 .26 .08 02 .01
Wheat straw. . . .. 1 ton 10.00 1.60 2.70 | 18.00 1.60 3.80 .60
Corn, grain.......| 1bu 1.00 17 .08 19 .07 .01 01
Corn stover. . . ... 1 ton 16.00 2.00 2.42 17.33 3.33 7.00 1.60
Corn cobs........ 1 ton 400 ..... | ..... 4.0 .....
Oats, grain....... 1 bu. .66 11 .06 .16 .04 .02 .01
Oat straw........ 1 ton 12.40 2.00 4.14 20.80 2.80 6.00 1.12
Clover seed...... .. 1 bu. 1.75 50 L. 75 .25 A3 L.
Clover hay....... 1 ton 40.00 5.00 3.28 1 30.00 7.75 1 29.25 1.00
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result from poor drainage, poor physical condition, or an actual deficiency of
plant food.

Table A shows the plant-food requirements of some of our most common
field erops with respect to the seven elements furnished by the soil. The figures
show the weight in pounds of the various elements contained in a bushel or in a
ton, as the case may be. From these data the amount of any element removed
from an acre of land by a crop of a given yield can easily be computed.

It needs no argument to show that the continuous removal of such quanti-
ties of plant food without provision for their replacement must result sooner
or later in soil depletion.

PLANT-FOOD SUPPLY

Of the ten elements of plant food, three (carbon, oxygen, and hydrogen)
are secured from ajr and water, and seven from the soil. Nitrogen, one of these
seven elements ubtained from the soil by all plants, may also be secured from the
air by one class of plants (legumes), in case the amount liberated from the
soil is insufficient ; but even these plants (which include only the clovers, peas,
beans, and vetches among our common agricultural plants) are dependent upon
the soil for the other six elements (phosphorus, potassium, magnesium, calcium,
tron, and sulfur), and they also utilize the soil nitrogen so far as it becomes
soluble and available during their period of growth.

TaBrLE B.—Prant-Foop ELeMENTS IN MANURE, RoucH FEEDS, AND FERTILIZERS

Pounds of plant food per ton
of material
Material
Nitrogen |Phosphorus| Potassium

Freshfarmmanure.................coiivnn ... 10 2 8
L0700 4 11 ) 16 2 17
Q8 BETAW. . ...\ 12 2 | a2
Wheat Straw. ... ..o viiiiiin ittt 10 2 19
Clover hay. .o ovii et e 40 5 30
Cowpea hay. . ..o 43 5 33
Alfalfa hay. ... .. oo 50 4 24
Sweet clover (water-free basis)! ...................... 80 8 28
Driedblood. .......cooiiii i 280

Sodium nitrate................ ..o i 310

Ammonium sulfate. . .......... ... 400

Raw bone meal. .. ...... e 80 180

Steamed bonemeal...................... .. ... .. ... 20 250

Raw rock phosphate................................ ... 250

Acid phosphate. . .........cooiiiiiini i e 125

Potassium ehlorid. . ..................oo ... - c. 850
Potassium sulfate....................... o . AN 850
Kainit. ..o e - ... 200
Wood ashes?. .. ..oovviiiiiiiiiiiiii e, ... 10 100

'Young second year’s growth ready to plow under as green manure. _
2Wood ashes also contain about 1,000 pounds of lime {calcium carbonate) per ton.
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The vast difference with respect to the supply of these essential plant food
elements in different soils is well brought out in the data of the Illinois soil
survey. For example, it has been found that the nitrogen in the surface 633
inches, which represents the plowed stratum, varies in amount from 180 pounds
per acre to nearly 33,000 pounds. In like manner the phosphorus content varies
from about 420 pounds to 4,900 pounds, the potassium ranges from 1,530 pounds
to about 58,000 pounds. Similar variations are found in all of the other essential
plant food elements of the soil.

With these facts in mind it is easy to understand how a deficiency of one
of these elements of plant food may become a limiting factor of crop produe-
tion. When an element becomes so reduced in quantity as to become a limiting
factor of production, then we must look for some outside source of supply.
Table B is presented for the purpose of furnishing information regarding the
quantity of plant food contained in some of the materials most commonly used
ag sources of plant-food supply.

LIBERATION OF PLANT FOOD

The chemical analysis of the soil gives the invoice of fertility actually
present in the soil strata sampled and analyzed, but the rate of liberation is
governed by many factors, some of which may be controlled by the farmer,
while others are largely beyond his control. Chief among the important con-
trollable factors which influence the liberation of plant food are limestone and
decaying organic matter. Tillage also has a considerable effect in this connection.

Effect of Limestone.—Limestone corrects the acidity of the soil and thus
encourages the development not only of the nitrogen-gathering bacteria which
live in the nodules on the roots of clover, cowpeas, and other legumes, but also
the nitrifying baecteria, which have power to transform the insoluble and un-
available organic nitrogen into soluble and available nitrate nitrogen. At the
same time, the products of this decomposition have power to dissolve the min-
erals contained in the soil, such as potassium and magnesium, and also to dissolve
the insoluble phosphate and limestone which may be applied in low-priced
forms. Thus, in the conversion of sufficient organic nirogen into nitrate nitrogen
for a 100-bushel crop of corn, the nitrous acid formed is alone sufficient to convert
seven times as much insoluble tricaleium phosphate into soluble monocaleium
phosphate as would be required to supply the phosphorus for the same crop.

Effect of Organic Matter—Organic matter may be supplied by animal man-
ures, consisting of the excreta of animals and usually accompanied by more
or less stable litter, and by plant manures, including green-manure crops and
cover crops plowed under and also erop residues such as stalks, .straw, and chaff.
The rate of decay of organiec matter depends largely upon its age, condition,
and origin, and it may be hastened by tillage. The chemical analysis shows
correctly the total organic carbon, which constitutes, as a rule, but little more
than half the organie matter; so that 20,000 pounds of organic carbon in the
plowed soil of an acre corresponds to mearly 20 tons of organic matter. But
this organic matter consists largely of the old organic residues that have accumu-
lated during the past centuries because they were resistant to decay, and 2 tons of
clover or cowpeas plowed under may have greater power to liberate plant food
than the 20 tons of old, inactive organic matter. The history of the individual
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farm or field must be depended upon for information concerning recent additions
of active organic matter, whether in applications of farm manure, in legume
erops, or in sods of old pastures.

The condition of the organic matter of the soil is indicated more or less
definitely by the ratio of carbon to nitrogen. As an average, the fresh organie
matter incorporated with soils contains about twenty times as much carbon as
nitrogen, but the carbohydrates ferment and decompose much more rapidly than
the nitrogenous matter; and the old resistant organic residues, such as are found
in normal subsoils, commonly contain only five or six times as much carbon
as nitrogen. Soils of normal physical composition, such as loam, clay loam, silt
loam, and fine sandy loam, when in good productive condition, contain about
twelve to fourteen times as much carbon as nitrogen in the surface soil ; while in
old, worn soils that are greatly in need of fresh, active, organic manures, the
ratio is narrower, sometimes falling below ten of carbon to one or nitrogen.
Except in newly made alluvial scils, the ratio is usually narrower in the sub-
surface and subsoil than in the surface stratum. Soils of cut-over or burnt-over
timber lands sometimes contain so much partially decayed wood or charcoal
as to destroy the value of the nitrogen-carbon ratio for the purpose indicated.

The organic matter furnishes food for bacteria, and as it decays certain
decomposition products are formed, including much carbonic acid, some nitrous
acid, and various organic acids, and these acting upon the soil have the power to
dissolve the essential mineral plant foods, thus furnishing soluble phosphates,
nitrates, and other salts of potassium, magnesium, caleium, ete., for the use of
the growing crop.

Effect of Tillage—Tillage, or cultivation, also hastens the liberation of plant
food by permitting the air to enter the soil. It should be remembered, however,
that tillage is wholly destructive, in that it adds nothing whatever to the soil,
but always leaves it poorer, so far as plant food is concerned. Tillage should
be practiced so far-as is necessary to prepare a suitable seed bed for root develop-
ment and also for the purpose of killing weeds, but more than this is unneces-
sary and unprofitable; and it is much better actually to enrich the soil by proper
applications of limestone, organic matter and other fertilizing materials, and
thus promote soil conditions favorable for vigorous plant growth, than to depend
upon excessive cultivation to accomplish the same object at the expense of
the soil.

PERMANENT SOIL IMPROVEMENT

According to the kind of soil involved, any comprehensive plan contemplat-
ing a permanent system of agriculture will need to take into account some of
the following considerations.

The Application of Limestone

The Function of Limestone.—In considering the application of limestone
to land it should be understood that this material funections in several different
ways, and that a beneficial result may therefore be attributable to quite diverse
causes: Limestone provides the plant food ealcium, of which certain crops are
strong feeders. It eorrects acidity of the soil, thus making for some crops a much
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more favorable environment as well as establishing conditions absolutely required
for some of the beneficial legume bacteria. It accelerates nitrification and nitrogen
fixation. It promotes sanitation of the soil by preventing the growth of certain
fungus discases, such as corn root rot. Experience indicates that it modifies di-
rectly the physical structure of some soils, frequently to their great improvement.
Thus, working in one or more of these different ways, limestone often be-
comes the key to the improvement of worn lands. Remarkable success has
been experienced with limestone used in conjunction with sweet clover in the
reclamation of abandoned hill land which had been ruined thru erosion.

Amounts to Apply—1If the soil is acid, at least 2 tons per acre of ground
limestone should be applied as an initial treatment. Continue to apply lime-
stone from time to time according to the requirement of the soil as indicated
by the tests described below, or until the most favorable conditions are established
for the growth of legumes, using preferably at times magnesian limestone
(CaCO,MgCO0,), which contains both calcium and magnesium and has slightly
greater power to correct soil aecidity, ton for ton, than the ordinary calecium
limestone (CaCO,). On strongly acid soils, or on land being prepared for
alfalfa, 4 or 5 tons per acre of ground limestone may well be used for the first
application.

How to Ascertain the Need for Limestone.—The need of a soil for limestone
may be ascertained by applying one of the following tests for soil acidity. Along
with the acidity test, a test for the presence of carbonates should be made. It
should be understood that a positive test for carbonates does not guarantee the
absence of acid; for it may happen, especially when the soil is near the neutral
point, that positive tests for hoth acidity and carbonates are obtained. This
condition is explained by the assumption that solid particles of calcium or
magnesium carbonates form centers of alkalinity within a soil that is generally
acid. Because of this fact any test made of a given soil ought to be repeated if
it is to be thoroly reliable. It is also desirable to test samples from different
depths., Following are the directions for making these tests:

The Litmus Paper Test for Acidity. Make a ball of fresh moist soil, break it in two,
insert a piece of blue litmus paper, and press the soil firmly together again. After a few
minutes examine the paper. If it has turned pink or red, soil acidity is indieated. The
intensity of the color and the rapidity with which it develops indicates to some extent
the amount of acidity. Needless to say the reliability of the test depends upon the quality
of litmus paper used.

The Potassium Thiocyanate Test for Acidity. A more recently discovered test fo soil
acidity which promises to be more satisfactory than the litmus test is made with a 4-percent
solution of potassium thioeyanate in aleohol—4 grams of potassium thiocyanate in 100
cubiec centimeters of 95-percent alecohol (not denatured). When a small quantity of soil
shaken up in a test tube with this solution gives a red color the soil is acid and lime-
stone should be applied. If the solution remains colorless the soil is not aeid. The con-
ditions for a prompt reaction require a temperature that is comfortably warm.

The Hydrochloric Acid Test for Carbonates. Make a shallow cup of a ball of soil
and pour into it a few drops of concentrated hydrochlorie acid. If carbonates are present
they are decomposed with the liberation of carbon dioxid, which appears as gas bubbles,
producing foaming or effervesence. With much carbonate present the action is lively, but
with mere traces of it the bubbles are given off slowly. If no carbonate, or very little,
is indicated by the test, then it is advisable to apply limestone.

The Nitrogen Problem

Nitrogen presents the greatest practical soil problem in American agrieul-
ture. Four important reasons for this are: its increasing deficiency in most
soils; its cost when purchased on the open market; its removal in large amounts
by erops; and its loss from soils thru leaching, Nitrogen costs from four to
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five times as much per pound as phosphorus. A 100-bushel crop of corn re-
quires-150 pounds of nitrogen for its growth, but only 23 pounds of phos-
phorus. The loss of nitrogen from soils may vary from a few pounds to over
one hundred pounds per acre, depending upon the treatment of the soil, the
distribution of rainfall, and the protection afforded by growing crops.

An inexhaustible supply of nitrogen is present in the air. Above each acre
of the earth’s surface there are about sixty-nine million pounds of atmospherie
nitrogen. The nitrogen above one square mile weighs twenty million tons, an
amount sufficient to supply the entire world for four or five decades. This
large supply of nitrogen in the air is the one to which the world must eventually
turn.

There are two methods of collecting the inert nitrogen gas of the air and
combining it into compounds that will furnish products for agricultural uses.
These are the chemical and the biological fixation of the atmospheric nitrogen.
Farmers have at their command one of these methods. By growing inoculated
legumes, nitrogen may be obtained from the air, and by plowing under more
than the roots of those legumes, nitrogen may be added to the soil.

Inasmuch as legumes are worth growing for feed and seed as well as for .
nitrate production, a considerable portion of the nitrogen thus gained may be
considered a by-product. Because of that faet, it is questionable whether the
chemical fixation of nitrogen, the possibilities of which now represent numerous
compounds, will ever be able to replace the simple method of obtaining atmos-
pheric nitrogen by growing inoculated legumes.

For easy figuring it may well be kept in mind that the following amounts
of nitrogen are required for the produce named:

1 bushel of oats (grain and straw) requires 1 pound of nitrogen.

1 bushel of corn (grain and stalks) requires 114 pounds of nitrogen.

1 bushel of wheat (grain and straw) requires 2 pounds of nitrogen.

1 ton of timothy requires 24 pounds of nitrogen.

1 ton of clover contains 40 pounds of nitrogen.

1 ton of cowpeas contains 43 pounds of nitrogen.

1 ton of alfalfa contains 50 pounds of nitrogen.

1 ton of average manure contains 10 pounds of nitrogen,

1 ton of young sweet clover, at about the stage of growth when it is plowed under as green
manure, contains, «on water-free basis, 80 pounds of nitrogen.

The roots of clover contain about half as much nitrogen as the tops, and
the roots of cowpeas contain about one-tenth as much as the tops. Soils of mod-
erate productive power will furnish as much nitrogen to clover (and two or three
times as much to cowpeas) as will be left in the roots and stubble. In grain
crops, such as wheat, corn, and oats, about two-thirds of the nitrogen is con-
tained in the grain and one-third in the straw or stalks.

The Phosphorus Problem

The element phosphorus is an indispensable constituent of every living cell.
It is intimately connected with the life processes of both plants and animals, the
nuclear material of the cells being especially rich in this element,
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The phosphorus content of a soil varies according to its origin and the
kind of farming practiced. Even virgin soils are found that are deficient in
phosphorus.

On all lands deficient in phosphorus (except on those susceptible to serious
erosion by surface washing or gullying) that element should be applied in consid-
erably larger amounts than are required to meet the actual needs of the crops de-
sired to be produced. The abundant information thus far secured shows positively
that fine-ground natural rock phosphate can be used successfully and very prof-
itably, and clearly indicates that this material will be the most economical form of
phosphorus to use in all ordinary systems of permanent, profitable soil im-
provement. The first application may well be one ton per acre, and subsequently
about one-half ton per acre every four or five years should be applied, at least
until the phosphorus content of the plowed soil reaches 2,000 pounds per acre,
which may require a total application of from 3 to 5 or 6 tons per acre of raw
phosphate containing 1214 percent of the element phosphorus.

Steamed bone meal and even acid phosphate may be used in emergencies,
but it should always be kept in mind that a pound of phosphorus delivered in
Illinois in the form of raw phosphate (direct from the mine in carload lots), is
much cheaper than the same amount in steamed bone meal or in acid phosphate,
both of which cost too much per ten to permit their common purchase by farm-
ers in carload lots, which is not the case with raw phosphate. Landowners should
bear in mind the fact that phosphorus additions to the soil in amounts above the
immediate crop requirements represent a permanent investment, since this ele-
ment is not readily lost in the drainage water as in the case of nitrogen. It is
removed from the farm thru the sale of crops, milk, and animals.

Phosphate may be applied at any time during a rotation, but it is applied
to the best advantage either preceding a erop of clover, which plant seems to
possess an unusual power for assimilating raw phosphate, or else at a time when
it can be plowed under with some form of organic matter such as animal manure
or green manure, the decay of which serves to liberate the phosphorus from its
insoluble condition in the rock. It is important that the fine-ground rock phos-
phate be intimately mixed with the organic material as it is plowed under,

The Potassium Problem

Normal soils, in which clay and silt form a considerable part of the con-
stituency, are well stocked with potassium, altho it exists largely in insoluble
form. Such soils as sands and peats, however, are likely to be low in this
element. On such soils this deficiency may be supplied by the application of
some potassium salt, such as potassium sulfate, potassium chlorid, kainit, or
other potassium compound, and in many instances this is done at great profit.

From all the facts at hand it seems, so far as our great areas of normal soils
are concerned, that the potassium problem is not one of addition but of libera-
tion. The Rothamsted records, which represent the oldest soil experiment fields
in the world, show that for many years other soluble salts have practically the
same power as potassium to increase ecrop yield in the absence of sufficient de-
eaying organic matter. Whether this action relates to supplying or liberating
potassium for its own sake, or to the power of the soluble salt to increase the
availability of phosphorus or other elements, is not known, but where much
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potassium is removed, as in the entire crops at Rothamsted, with no return of
organic residues, probably the soluble salt functions in both ways.

Further evidence on this matter is furnished by the Illinois experiment
field at Fairfield, where potassium sulfate has been compared with kainit both
with and without the addition of organic matter in the form of stable manure.
Both sulfate and kainit produced a substantial increase in the yield of corn.
but the cheaper salt, kainit, was just as effective as the potassium sulfate, and
returned some financial profit. Manure alone gave an increase similar to that
produced by the potassium salts, but the salts added to the manure gave
very little increase over that produced by the manure alone. This is explained
in part perhaps because the potassium removed in the crops is mostly returned
in the manure if properly cared for, and perhaps in larger part because the
decaying organic matter helps to liberate and hold in solution other plant-food
elements, especially phosphorus.

In laboratory experiments at the Illinois Experiment Station, it has been
shown that potassium salts and most other soluble salts increase the solubility of
the phosphorus in soil and in rock phosphate; also that the addition of glucose
with rock phosphate in pot-culture experiments increases the availability of
the phosphorus, as measured by plant growth, altho the glucose consists only
of carbon, hydrogen, and oxygen, and thus contains no plant food of value.

In considering the conservation of potassium on the farm it should be re-
membered that in average live-stock farming the animals destroy two-thirds
of the organic matter and retain one-fourth of the nitrogen and phosphorus
from the food they consume, but that they retain less than one-tenth of the potas-
sium; so that the actual loss of potassium in the produets sold from the farm,
either in grain farming or in live-stock farming, is negligible on land containing
25,000 pounds or more of potassium in the surface 624 inches,

The Calcium and Magnesium Problem

‘When measured by the actual crop requirements for plant food, mag-
nesium and calecium are more limited in some Illinois soils than potassium.
But with these elements we must also consider the loss by leaching.

Doctor Edward Bartow and associates, of the Illinois State Water Survey,
have shown that as an average of 90 analyses of Illinois well-waters drawn chiefly
from glacial sands, gravels, or till, 3 million pounds of water (about the average
annual drainage per acre for Illinois) contained 11 pounds of potassium, 130 of
magnesium, and 330 of calcium. These figures are very significant, and it
may be stated that if the plowed soil is well supplied with the carbonates of
magnesium and calcium, then a very considerable proportion of these amounts
will be leached from that stratum. Thus the loss of calcium from the plowed
soil of an acre at Rothamsted, England, where the soil containg plenty of lime-
stone, has averaged more than 300 pounds a year as determined by analyzing
the soil in 1865 and again in 1905. And practically the same amount of calcium
was found by analyzing the Rothamsted drainage waters.

Common limestone, which is calcium carbonate (CaCO,), contains, when
pure, 40 percent of caleium, so that 800 pounds of limestone is equivalent to
320 pounds of calcium. Where 10 fons per acre of ground limestone was
applied at Edgewood, Illinois, the average annual loss during the next ten
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years amounted to 790 pounds per acre. The definite data from careful investi-
gations seems to be ample to justify the conclusion that where limestone is needed
at least 2 tons per acre should be applied every four or five years.

It is of interest to note that thirty crops of clover of 4 tons each would
require 3,510 pounds of calcium, while the most common prairie land of southern
Illinois contains only 3,420 pounds of total calcium in the plowed soil of an acre.
Thus limestone has a positive value on some soils for the plant food which it
supplies, in addition to its value in correcting soil acidity and in improving
the physical condition of the soil. Ordinary limestone (abundant in the south-
ern and western parts of the state) contains nearly 800 pounds of calcium per
ton; while a good grade of dolomitic limestone (the more common limestone of
northern Illinois) contains about 400 pounds of calcium and 300 pounds of
magnesium per ton. Both of these elements are furnished in readily available
form in ground dolomitic limestone.

The Sulfur Question

In considering the relation of sulfur in a permanent system of soil fertility
it is important to understand something of the eyele of transformations that this
element undergoes in nature. Briefly stated this is as follows:

Sulfur exists in the soil in both organic and inorganiec forms, the former
being gradually converted to the latter form thru bacterial action. In this
inorganic form sulfur is taken up by plants which in their physiological pro-
cesses change it once more into an organic form as a constituent of protein.
‘When these plant proteins are consumed by animals, the sulfur becomes a part
of the animal protein. When these plant and animal proteins are decomposed,
either thru hacterial action, or thru combustion, the sulfur passes into the atmos-
phere or into the soil solution in the form of sulfur dioxid gas. This gas unites
with oxygen and water to form sulfuric acid, which is readily washed back into
the soil by the rain, thus completing the eycle, from soil-—to plants and animals
—to air-—to soil.

In this way sulfur becomes largely a self-renewing element of the soil, altho
there is a considerable loss from the soil by leaching. Observations taken at the
Illinois Agricultural Experiment Station show that 40 pounds of sulfur per
acre are brought into the soil thru the annual rainfall. With a fair stock of
surfur, such as exists in our common types of soil, and an annual return, which
of itself would more than suffice for the needs of maximum crops, the mainten-
ance of an adequate sulfur supply presents little reason at present for serious
concern. There are regions, however, where the natural stock of sulfur in the
soil is not nearly so high and where the amount returned thru rainfall is small.
Under such circumstances sulfur soon becomes a limiting element of crop pro-
duction, and it will be necessary sooner or later to introduce this substance from
some outside source. Investigation is now under way to determine to what
extent this situation may apply to conditions in Illinois.

Physical Improvement of Soils
In the management of most soil types, one very important thing, aside from
proper fertilization, tillage, and drainage, is to keep the soil in good physical
condition, or good tilth. The constituent most important for this purpose is
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organic matter. Organic matter in producing good tilth helps to control washing
of soil on rolling land, raises the temperature of drained soil, increases the
moisture-holding capacity of the soil, retards capillary rise and consequently
loss of moisture by surface evaporation, and helps to overcome the tendency of
some soils to run together badly.

The physical effect of organic matter is to produce a granulation or mellow-
ness, by cementing the fine soil particles into crumbs or grains about as large
as grains of sand, which produces a condition very favorable for tillage, percola-
tion of rainfall, and the development of plant roots.

Organic matter is being destroyed during a large part of the year and the
nitrates produced in its decomposition are used for plant growth. Altho this
decomposition is necessary, it nevertheless reduces the amount of organic matter,
and provision must therefore be made for maintaining the supply. The practical
way to do this is to turn under the farm manure, straw, corn stalks, weeds, and
all or part of the legumes produced on the farm. The amount of legumes needed
depends upon the character of the soil. There are farms, especially grain farms,
in nearly every community where all legumes could be turned under for several
years to good advantage.

Manure should be spread upon the land as soon as possible after it is pro-
duced, for if it is allowed to lie in the barnyard several months as is so often
the case, from one-third to two-thirds of the organiec matter will be lost.

Straw and corn stalks should be turned under, and not burned. Probably
no form of organic matter acts more beneficially in producing good tilth than
corn stalks. It is true, they decay rather slowly, but it is also true that their
durability in the soil is exactly what is needed in the production of good tilth.
Furthermore, the nitrogen in a ton of corn stalks is one and one-half times that
of a ton of manure, and a ton of dry corn stalks incorporated in the soil will
ultimately furnish as mueh humus as four tons of average farm manure. When
burned, however, both the humus-making material and the nitrogen are lost to
the soil.

It is a common practice in the corn belt to pasture the eorn stalks during
the winter and often rather late in the spring after the frost is out of the
ground. This tramping by stock sometimes puts the soil in bad condition for
working. It becomes partially puddled and will be cloddy as a result. If
tramped too late in the spring, the natural agencies of freezing and thawing
and wetting and drying, with the aid of ordinary tillage, fail to produce good
tilth before the crop is planted. Whether the crop is corn or oats, it necessarily
suffers, and if the season is dry, much damage may be done. If the field is put
in corn, a poor stand is likely to result, and if put in oats, the soil is so com-
pact as to be unfavorable for their growth. Sometimes the soil is worked when
too wet. This also produces a partial puddling which is unfavorable to physical,
chemieal, and biological processes. The bad effect will be greater if eropping
has reduced the organic matter below the amount necessary to maintain good
tilth.

Systems of Crop Rotations

In a program of permanent soil improvement one should adopt at the outset
a good rotation of crops, including a liberal use of legumes, in order to increase
the organic matter of the soil either by plowing under the legume crops and
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other erop residues (straw and corn stalks), or by using for feed and bed-
ding practically all the crops raised and returning the manure to the land with
the least possible loss. No one can say in advance for every particular case what
will prove to be the best rotation of crops, because of variation in farms and
farmers and in prices for produce.

Following are a few suggested rotations, applicable to the corn belt, which
may serve as models or outlines to be modified according to special circumstances.

8ix-Year Rotations
First year ~—Corn
Second year —Corn
Third year —Wheat or oats (with clover or clover and grass)
Fourth year —Clover, or clover and grass
Fifth year —Wheat (with clover) or grass and clover
Sixth year —Clover, or clover and grass

Of course there should be as many fields as there are years in the rotation.
In grain farming, with small grain grown the third and fifth years, most of the
unsalable products should be returned to the soil, and the clover may be clipped
and left on the land or returned after threshing out the seed (only the clover
seed being sold the fourth and sixth years) ; or, in live-stock farming, the field
may be used three years for timothy and clover pasture and meadow if desired.
The system may be reduced to a five-year rotation by cutting out either the
second or the sixth year, and to a four-year system by omitting the fifth and
sixth years, as indicated below.

Five-Year Rotations
First year —Corn
Second year —Wheat or oats (with clover, or clover and grass)
Third year —Clover, or clover and grass
Fourth year —Wheat (with clover), or elover and grass
Fifth year —Clover, or clover and grass

First year -—Corn

Second year —Corn

Third year —Wheat or oats (with elover or clover and grass)
Fourth year —Clover, or clover and grass

Fifth year —Wheat (with clover)

First year —Corn

Second year —Cowpeas or soybeans
Third year -—Wheat (with clover)
Fourth year —Clover

Fifth year -—Wheat (with clover)

The last rotation mentioned above allows legumes to be seeded four times.
Alfalfa may be grown on a sixth field for five or six years in the combination
rotation, alternating between two fields every five years, or rotating over all the
fields if moved every six years.
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Four-Year Rotations

First year —Wheat (with clover) First year —Corn

Second year —Corn Second year —Corn

Third year —Oats (with clover) Third year —Wheat or oats (with eclover)
Fourth year —Clover Fourth year —Clover

First year —Corn First year —Wheat (with clover)

Second year —Wheat or oats (with colver) Second year —Clover

Third year —Clover Third year —Corn

Fourth year —Wheat (with clover) Fourth year —Oats (with clover)

First year —Corn

Second year —Cowpeas or soybeans
Third year —Wheat (with clover)
Fourth year ~—Clover

Alfalfa may be grown on a fifth field for four or eight years, which is to
be alternated with one of the four; or the alfalfa may be moved every five years.
and thus rotated over all five fields every twenty-five years.

Three-Year Rotations

First year —Corn First year —Wheat (with clover)
Second year —Oats or wheat (with clover) Second year —Corn
Third year —Clover Third year —Cowpeas or soybeans

By allowing the clover, in the last rotation mentioned, to grow in the spring
before preparing the land for corn, we have provided a system in which legumes
grow on every acre every year. This is likewise true of the following suggested
two-year system:

Two-Year Rotation

First year —Oats or wheat (with sweet clover)
Second year —Corn

Altho in this two-year rotation either oats or wheat is suggested, as a matter
of fact, by dividing the land devoted to small grain, both of these crops can be
grown simultaneously, thus providing a three-crop system in a two-year cycle.

It should be understood that in all of the above suggested cropping systems
it may be desirable in some cases to substitute rye for the wheat or oats. In all
of these proposed rotations the word clover is used in a general sense to designate
either red clover, alsike clover, or sweet clover. The value of sweet clover espee-
cially as a green manure for building up depleted soils, as well as a pasture and
hay crop, is becoming thoroly established, and its importance in a crop-rotation
program may well be emphasized.



SUPPLEMENT: EXPERIMENT FIELD DATA

(Results from Experiment Fields Representing the More Important Types of
Soil Occurring in Bureau County)

In the earlier reports of this series it was the practice to incorporate in the
body of the report the results of certain experiment fields, for the purpose of
illustrating the possibilities of improving the soil of various types. The in-
formation carried by such data must, naturally, be considered more or less
tentative. As the fields grow older new facts develop, which in some instances
may call for the modification of former recommendations. It has therefore
seemed desirable to separate this experiment field data from the more permanent
information of the soil survey, and embody the same in the form of a supple-
ment to the soil report proper, thus providing a convenient arrangement for
possible future revisions as further data accumulate.

The University of Illinois has conducted altogether about fifty soil experi-
ment fields in different sections of the state and on various types of soil. Altho
some of these fields have been discontinued, the large majority are still in
operation. It is the present purpose to report the summarized results from cer-
tain of these fields which are representative of the types of soil deseribed in the
accompanying soil report.

A few general explanations at this point, which apply to all the fields, will
relieve the necessity of numerous repetitions in the following pages.

These fields vary in size from less than two acres up to 40 acres or more.
They are laid off into series of plots and each series is occupied by one kind of
erop. Usually there are several series so that a crop rotation can be carried on
with every crop represented every year.

Farming Systems

On many of the fields the treatment provides for two distinct systems of
farming, live-stock and grain farming. In the live-stock system, stable manure
is used to furnish organiec matter and nitrogen. The amount applied to a plot
is based upon the amount that can be produced from crops raised on that plot.

In the grain system mno animal manure is used. The organic matter and
nitrogen are applied in form of plant manures, including all the plant residues
produced, such as corn stalks, straw from wheat, oats, clover, ete., along with
leguminous catch crops plowed under. It is the plan in this latter system to
remove from the land only the grain and seed produced, except in the case of
alfalfa, that ecrop being harvested for hay the same as in the live-stock system.

Rotations

Crops which are of interest in the respective localities are grown in definite
rotations, and on most of the fields provision is made so that every crop in the
rotation is represented every year. The most common rotation used is wheat,
corn, oats, and clover; and often these crops are accompanied by alfalfa growing
on a fifth series. In the grain system a legume catch crop, usually sweet clover,
is included, which is seeded on the young wheat in the spring and plowed under
in the fall or in the following spring in preparation for corn. In the event of
clover failure, soybeans are substituted.

51
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Soil Treatment

The treatment applied to the plots has, for the most part, been standard-
ized according to a definite system, altho deviations from this system oceur now
and then, particularly in the older fields.

Following is a brief explanation of this standard system of treatment.

Animal Manures.— Animal manures, consisting of exereta from animals, with
stable litter, are spread upon the respective plots in amounts proportionate to
previous crop yields, the applications being made in the preparation for corn.

Plant Manures.—All crop residues produced on the land, such as stalks,
straw, and chaff, are returned to the soil, and in addition a green-manure crop
of sweet clover is seeded in small grains to be plowed under in preparation for
corn. (On plots where limestone is lacking the sweet clover seldom survives.)
This practice is designated as the residues system.

Mineral Manures.—The yearly acre-rates of application are: for limestone,
1,000 pounds; for raw rock phosphate, 500 pounds; and for potassium, the
equivalent of 200 pounds of kainit. The initial application of limestone is usu-
ally 4 tons per acre.

Explanation of Symbols Used
= Untreated land or check plots
Manure (animal)
Residues (from crops, and includes legumes used as green manure)
Limestone
Phosphorus
Potassium (usually in the form of kainit)
Nitrogen (usually in the form contained in dried blood)

) = Parentheses enclosing figures signify tons of hay, as distinguished from
bushels of seed

ZRAOWOHERE®
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In discussions of this sort of data, financial profits or losses based upon
assigned market values are frequently considered. However, in view of the
erratic fluctuations in market values—especially in the past few years—it seems
futile to attempt to set any prices for this purpose that are at all satisfactory.
The yields are therefore presented with the thought that with these figures at
hand the finanecial returns from a given practice can readily be computed upon
the basis of any set of market values that the reader may choose to apply.

BROWN SILT LOAM

Several experiment fields have been conducted on brown silt loam soil at
various locations in Illinois. Those located at the University have been in oper-
ation the longest and they serve well to illustrate the principles involved in the
maintenance and improvement of this type of soil.

The Morrow Plots

It happens that the oldest soil experiment field in the United States is lo-
cated on typical brown silt loam of the early Wiseconsin glaciation, on the
campus of the University of Illinois. This field was started in 1879 by George
E. Morrow, who for many years was Professor of Agriculture, and these plots
are known as the Morrow plots.
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TasLe 1.—URBANA FIELD, MORROW PLOTS: BrownN Siut Loam; Prammie; EARLY

WisconsiN GLACIATION

Crop Yields in Soil Experiments—Bushels or (tons) per acre

. Corn
Years treftorliilleéx ¢ e}\’r :;ry Two-year rotation Three-year rotation
applie

Corn Corn Oats Corn Oats Clover
1879-87
1888 54.3 49.5 48.6
1889 43.2 37.4 (4.04)
1890 48.7 54.3 (1.51)
1891 28.6 33.2 (1.46)
1892 33.1 37.2 70.2
1893 21.7 29.6 34.1
1894 34.8 57.2 65.1
1895 42.2 41.6 22.2
1896 62.3 34.5
1897 40.1 47.0
1898 18.1 e
1899 50.1 44 .4 e 53.5
1900 48.0 41.5
1901 23.7 33.7 34.3 ..
1902 60.2 56.3 54.6
1903 26.0 35.9 (1.11)
1904 21.5 17.5 55.3
1904 17.1 25.3 72.7
1905 24.8 50.0 42.3
1905 31.4 44.9 50.6
1906 27.1 34.7 (1.420
1906 35.8 52.4 (1.740
1907 26.0 47.8 80.5
1907 48.7 87.6 93.6
1908 13.4 32.9 40.0
1908 28.0 45.0 44 .4
1909 26.6 33.0 ( .65)?
1909 31.6 64.8 (1.73)3
1910 35.9 33.8 58.6
1910 54.6 59.4 83.3
1011 21.9 28.6 20.6
1911 31.5 46.3 38.0
1912 43.2 55.0 e e 16.3¢
1912 64.2 81.0 20.0¢
1913 19.4 20.2 33.8
1913 32.0 25.0 47.8
1914 31.6 33.6 39.6
1914 39.4 58.2 60.4
1915 40.0 49.0 242!
1915 66.0 81.2 27.11
1916 11.2 37.5 27.8
1916 10.8 64.7 40.6
1017 40.0 48.4 68.4
1917 78.0 81.4 86.9
1918 13.6 27,2 (2.58)
1018 32.6 59.3 (4.04)
1919 24.0 30.8 52.2 ceee
1919 43.4 66.2 70.8
1920 28.2 37.2 52.2
1920 54.4 51.6 69.7
Soybeans,

2In addition to the hay, .64 bushel of seed was harvested.
#In addition to the hay, 1.17 bushels of seed were harvested.
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TasLe 2.—~URBANA FIELD, MORROW PLOTS: GENBRAL SUMMARY
Bushels or (tons) per acre

Soil Corn Two-year rotation Three-year rotation
treatment every

Years applied year Corn Oats Corn Oats Clover
16 crops 9 crops 6 crops 4 crops 4 crops 4 crops

1888
t0 1903 | None....... 39.7 41.0 44.0 48.0 47.6 (2.03)
17 crops 8 crops 9 crops 6 crops 6 crops 8 crops
1904 None....... 26.6 39.6 34.4 51.4 43.9 (1.55)t
to 1920 | MLP....... 41.1 62.2 55.2 68.1 58.3 (2.50)1

10ne crop of soybean hay.

The Morrow series now consists of three plots divided into halves and the
halves are subdivided into quarters. On one plot corn is grown continuously;
on the second corn and oats are grown in rotation; and on the third, corn, oats,
and clover are rotated. The north half of each plot has had no fertilizing ma-
terial applied from the beginning of the experiments, while the south half has
been treated since 1904, receiving standard applications of farm manure with
cover crops grown in the one-crop and two-crop systems. Phosphorus has been
applied in two different forms: rock phosphate to the southwest quarter at the
rate of 600 pounds, and steamed bone meal to the southeast quarter at the rate
of 200 pounds per acre per year up to 1919, when the rock phosphate was in-
creased sufficiently to bring up the total amount applied to four times the quan-
tity of bone meal applied. At the same time the rate of subsequent application of
both forms of phosphorus was reduced to one-fourth the quantity, or to 200
pounds of rock phosphate and 50 pounds of bone meal per acre per year. In
1904 ground limestone was applied at the rate of 1,700 pounds per acre to the
south half of each plot, and in 1918 a further application was made at the rate
of 5 tons per acre with the intention of standardizing the application to the rate
of 1,000 pounds of limestone per acre per year.

| :

F1a. 1.—CoRN oN THE MORROW PrLOTS IN 1910
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Table 1 gives the yearly records of the erop yields, and Table 2 presents
the same in summarized form.

Summarizing the data from these Morrow plots into two periods with the
second period beginning in 1904 when the treatment began on the half-plots,
some interesting comparisons may be made. In the first place we find in the
continuous corn plot a marked decrease in the second period in the average
yield of corn, amounting to one-third of the crop. In the two-year rotation
there is a decrease in both corn and oats production, while the averages for the
three-year system show an increase in corn yield and decreases in oats and
clover. Unfortunately the numbers of crops included in these last averages are
too small to warrant positive conclusions.

The increase brought about by soil treatment stands out in all cases, show-
ing the possibility not only of restoring but also of greatly improving the pro-
ductive power of this land that has been so abused by continuous eropping
without fertilization.

The Davenport Plots

Another set of plots on the University campus at Urbana, forming a more
extensive series than the Morrow plots, but of more recent origin, are the Daven-
port plots. Here each erop in the rotation is represented every year. These
plots were laid out in 1895, but special soil treatment was not begun until 1901.
They now comprize five series of ten plots each, and each series constitutes a
““field”’ in a crop rotation system.

From 1901 to 1911 three of the series were in a three-year rotation system
of corn, oats, and clover, while the remaining two series rotated in corn and oats.
In 1911 these two systems were combined into a five-series field, with a crop
rotation of wheat, corn, oats, and clover, with alfalfa on a fifth field. The alfalfa
occupies one series during a rotation of the other four crops, shifting to another
series in the fifth year, thus completing the cycle of all series in twenty-five years.

The soil treatment applied to these plots has been as follows:

Legume cover crops were seeded in the corn at the last cultivation on Plots
2, 4, 6, and 8, from 1902 to 1907, but the growih was small and the effect, if any,
was to decrease the returns from the regular erops. Crop residues (R) have been
returned to these same plots since 1907. These consist of stalks and straw, and
all legumes except alfalfa hay and the seed of clover and soybeans. Beginning
in 1918 a modification of the practice was made in that one cutting of the red
clover crop is harvested as hay. In conjunction with these residues a catch erop
of sweet clover grown with the wheat is plowed under.

Manure (M) was applied preceding corn, at the rate of 2 tons per acre per
year in 1905, 1906, and 1907; subsequently as many tons have been applied as
there have been tons of air-dry produce harvested from the respective plots.

Lime (L) was applied on Plots 4 to 10 at the rate per acre of 250 pounds
of airslaked lime in 1902, and 600 pounds of limestone in 1903. No further
application was made until 1911, when the system of cropping was changed.
Since that time applications of limestone have been made at the rate of one-half
ton per acre per year.

Phosphorus (P) was applied on Plots 6 to 9 at the rate of 25 pounds
per acre per annum in 200 pounds of steamed bone meal; but beginning with
1908 rock phosphate at the rate of 600 pounds per acre per annum was substi-
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TasLe 3.—URBANA FIELD, DAVENPORT PLOTS: Brown St Loam, Prairie; EarLy
WisCONSIN GLACIATION

Ten-Year Average Annual Yields—Bushels or (tons) per acre

1911-1920
Serial Soil
plot treatment Corn QOats Wheat Clover |Soybeans| Alfalfa
No. applied 5 crops | 5 crops
1 O 55.6 50.5 26.0 (2.42) (1.47) (2.43)
2 R ool 57.1 52.3 28.7 1.471 19.8 (2.46)
3 M................ 66.3 61.9 28.2 (2.56) (1.62) (2.52)
4 RL............... 64.8 55.6 31.4 1.611 20.3 (2.72)
5 ML............... 69.6 64.1 32.8 (2.90) (1.67) (3.03)
6 RLP.............. 71.5 69.8 43.0 2,291 23.5 (3.69)
7 MLP............. 73.0 68.6 40.0 (3.52) (1.97) (3.76)
8 RLPK............ 70.9 72.5 40.7 1.79t 25.5 (3.77)
9 MLPK............ 70.2 72 0 39.2 (3.40) (2.20) (3.73)
10 Mx5LPx5......... 65.9 71.4 40.6 (3.31) (2.22) (3.77)

. MIn addition to the clover seed, a crop of hay was harvested one year on Plots 2, 4, 6, and 8,
yielding 2.38, 2.20, 2.54, and 2.39 tons, respectively.

tuted for the bone meal on one-half of each of these plots. These applications
continued until 1918 when adjustments were begun, first to make the rate of
application of rock phosphate four times that of the bone meal, and finally to
reduce the amounts of these materials to 200 pounds of rock phosphate and 50
pounds of bone meal per acre per annum. The usual practice has been to apply
and plow under at one time all phosphorus and potassium required for the
rotation.

Potassium (K —kalium) has been applied on Plots 8 and 9 in connection
with the bone meal and rock phosphate, at the yearly rate of 42 pounds per
acre, and mainly as potassium sulfate.

On Plot 10 about five times as much manure and phosphorus are applied
as on the other plots, but this ‘‘extra heavy’’ treatment was not begun until
1906, only the usual lime, phosphorus, and potassium having been applied in
previous years. The purpose in making these heavy applications is to try to
determine the climatic possibilities in erop yields by removing the limitations
of inadequate fertility.

It will be observed that the applications deseribed above provide for the
two rather distinet systems of farming already described. The grain system,
in which animal manure is not produced and where the organic matter is pro-
vided by the direct return to the soil of all crop residues, is exemplified in Plots
2, 4, 6, and 8; and the live-stock system, in which farm manure is utilized for soil
enrichment, is represented in Plots 3, 5, 7, and 9.

Table 3 shows a summary of the results obtained on the Davenport plots
beginning with the year 1911, when the present eropping system was introduced.

When used in conjunction with phosphorus the crop residues and the
manure appear about equally effective; but where phosphorus is not applied,
the manure has been decidedly more effective, under the conditions of the ex-
periment. It should be observed, however, in this connection, that the plowing
under of clover is a very essential feature of the residues system, and that, as
a matter of fact, there were five clover failures, when soybeans were substituted,
during the ten years. Perhaps with a more reliable biennial legume than red
clover, the results would have been more favorable for this system.
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MANURE
Lime
FPros

Manure Manure, limestone, phosphorus
Yield: 1.43 tons per acre Yield: 2.90 toms per acre

F1e. 2—CLOVER ON THE DAVENPORT ProTs IN 1913

By comparing Plots 2 and 8 with Plots 4 and 5, it is found that limestone
has had a beneficial effect on all crops. What the financial profit amounts to
depends obviously upon the market value of the crops and the cost of the lime-
stone.

Comparing Plots 4 and 5 with Plots 6 and 7, respectively, there is found
in all cases an increase in crop yield as a result of adding phosphorus. The
effect on wheat is especially pronounced. Where limestone and phosphorus
are applied in addition to the crop residues, an increase of 17 bushels of wheat,
over the yield of the untreated land, has been obtained as a ten-year average.

The effect of adding potassium to the treatment is of much interest. Plots
8 and 9 are the same as Plots 6 and 7, respectively, except that potassium has
been applied to the former. On the whole, no significant benefit is shown from
the addition of potassium.

No benefit appears as the result of the extra-heavy applications of manure
and phosphorus on Plot 10. In fact the corn yields are noticeably less here
than on the plots receiving the normal applications of these materials.

The University South Farm

On the University South Farm, at Urbana, several series of plots devoted
primarily to variety testing and other crop-production experiments are so laid
out as to show the effects of certain soil treatments that have been applied.
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Several different systems of crop rotation are employed and the crops are so
handled as to exemplify the two general systems of farming, grain and live-
stock.

The summarized results presented in Table 4 represent three different sys-
tems of cropping. The first, designated as the Southwest rotation, is to be
regarded as a good rotation for general practice, on this type of soil, under Illi-
nois conditions. This is a four-field rotation of wheat, corn, oats, and clover.
The second, or North-Central rotation, consisting of corn, corn, oats, and clover,
represents a system very commonly practiced; and the third or South-Central
rotation, consisting of corn, corn, corn, and soybeans, must be considered as a
poor rotation from the standpoint of maintaining the productiveness of the land.

Tasre 4.—URBANA FIELD, SOUTH FARM: BrowN Siut LoaM, Pramrie; EarLy Wis-

CONSIN GLACIATION
Average Annual Yields—Bushels or (tons) per acre

Southwest Rotation: Series 100, 200, 400!': Wheat, Corn, Oats, Clover?

Soil Corn Oats? Wheat? Clover* Soybeans
treatment
applieds® 9 crops 9 crops 8 crops 3 crops 7 crops
RP.........cccvviuinn, 62.3 51.9 41.0 1.05 17.35
R.o.o.oo it 51.9 46.5 26.9 1.38 16.25
M........ ..o, 59.7 50.2 29.1 (2.28) (1.25)
MP.............oun 64.3 55.4 43.1 (2.86) (1.51)
RLP...........oovnt 60.5 57.2 41.8 .64 16.45
Rt 49.7 49.6 25.8 .83 14.75
M. .o 55.5 54.1 27.8 (1.71) (1.28)
MLP.........c.cevne 64.1 59.6 43.9 1.77) (1.58)
North-Central Rotation: Series 500, 600, 700!: Corn, Corn, Oats, Clover?
Soil Corn Corn Oats Clover Soybeans
treatment 1st year 2d year
applied® 9 crops 9 crops 9 crops 5 crops 4 crops
RP..........ooivntt 56.7 51.1 56.1 .54 16.9
R, 51.7 45.2 52.0 .50 16.0
M., .o 54.9 46.7 52.1 (2.29) (1.60)
MP.. oo 56.5 53.4 56.9 (2.73) (1.74)
South«Central Rotation: Series 500, 600, 7001: Corn, Corn, Corn, Soybeans
Soil Corn Corn Corn Soybeans
treatment 1st year 2d year 3d year
applied® 9 crops 9 crops 9 crops 9 crops
RP.........cooiiant 51.9 44.0 41.3 20.0
R 45.5 39.9 35.2 19.2
M., .o 50.1 42.1 33.5 (1.59)
MP.. it 54.5 46.7 42.0 (1.66)

1Results from Series 300 and 800 are omitted on account of variation in soil type.
2Soybeans when clover fails.
%0nly seven crops with limestone.
4Only one crop with limestone.

5 Average of five crops.

s All phosphorus plots received 14 ton per acre of limestone in 1903.
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TaBLE 5—CoMPARING PrODUCTION OF CORN IN THREE DiFFERENT ROTATION SYSTEMS
AcrE YiELDs FROM ProTs ON THE UNIVERSITY SOoUTH FARM

Twelve-Year Average (1908-1919)—Bushels per acre

. Wheat-corn-| Corn-corn-oats- Corn-corn-corn-legume?
Rotation oats-legume? legume?
Treatment Corn 1st Corn 2d Corn | 1st Corn 2d Corn 3d Corn
Organic manures. ........... 55.8 53.3 46.0 47.8 41.0 34.3
Organic manures, phosphorus. 63.2 56.6 52.3 53.2 45.3 41.6

'Clover 3 crops, and soybeans 7 crops.
2Clover 5 crops, and soybeans 5 crops.
2Soybeans 9 crops.

On the whole, the ‘‘residues’’ have not returned yields quite so high as
those produced by the manure treatment; but, as remarked above in the discus-
sion of the Davenport plots, the residues system has probably been at a disad-
vantage thru frequent clover failures. On the North-Central rotation, where
conditions seem to have been more favorable for clover, there is very little dif
ference between the effect of manure and of residues.

Residues plowed under Residues and rock phosphate
Yield: 35.2 bushels per acre Yield: 50.1 bushels per acre

F16. 3.—WHEAT ON THE UNIVERSITY SOUTH FARM IN 1911
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In the rotation system in which limestone is being applied, no benefit of
consequence to any of the crops except oats appears from the use of this material.
The test, however, has hardly been of sufficient duration to warrant final con-
clusions; and furthermore, the comparison may be somewhat impaired by a
possible residual effect of the small application of limestone made in 1903 to all
the phosphorus plots.

The results obtained from the use of phosphorus are important because this
element has been applied to these plots solely in the form of raw rock phosphate.
The figures in almost every case show an increase in yield where the phosphorus
has been applied, and in most cases this increase is very pronounced. The wheat
is especially responsive to phosphorus.

The records furnish some interesting comparisons of corn yields produced
under different systems of eropping. Table 5 gives a general summary of the
corn yields only, in which the results from the residues and manure treatments
are averaged together as ‘‘organic manures.”’ The highest annual acre-yields
are found where corn occurs but once in a rotation. Where corn is grown twice
in succession, the annual acre-yields are less; and where corn oceurs three times,
there is a further reduction. Also, the first crop of corn within a rotation pro-
duces more than the second, and the second crop yields more than the third.
These are useful facts for consideration in connection with problems of generai
farm management.

Experiment Fields in Bureau County

1t happens that there are two experiment fields located within the borders
of Bureau county, one near Lia Moille and the other at Spring Valley. Both
of these fields are on the brown silt loam of the early Wiseonsin glaciation but
the Spring Valley field represents a phase of the type that was formerly timbered.

The La Moille Field

The first experimental crops were grown on the La Moille field in 1910. Two
cropping systems are being carried on. The main system is the standard rota-
tion of wheat, corn, oats, and clover. In addition to this, a minor rotation of
potatoes and alfalfa has been conducted on other plots in which potatoes oceu-
pied the land for two years and were followed by six years of alfalfa. This
latter rotation was changed in 1921 to one consisting of corn, corn, wheat, and
alsike clover. A diagram of the La Moille field, showing the arrangement of
the plots, is presented as Fig. 4.

Table 6 shows the treatment of plots and the summarized results for the
years since full treatment has been under way.

In considering these results it should be taken into account that this field
is not altogether uniform. As a matter of fact some of the untreated, or check,
plots are among those most favorably located, and this places upon many of the
treated plots a handicap which will require time to overcome. The annual
records, which are not given here in the summarized results, reveal the fact that
progressive improvement is taking effect as a result of proper treatment. The
increases due to proper treatment are much more marked in the later than in
the earlier years, thus indicating that the treated plots are becoming better or
the eheck plots are becoming poorer, or, what is more probable, that both of
these effects are taking place.
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TasLe 6.—LA MOILLE FIELD: Brown Siut Loam, PrRARIE; LATE WiscONSIN GLACIATION
Average Annual Yields—Bushels or (tons) per acre

. Mainy RoraTion Minor RoraTioN
. Soil Legumes
S:lr(;:éﬂ gggg Wheat| Corn | Oats Clover 6 crops |Soybeans 1 crop Alfalfa | Potatoes
No. applied |0 crops|8crops|8 crops| Hay Seed | Hay  Seed 10 crops 8 crops
1 0....... 28.0 1 44.2 | 67.1 | (2.46) (2.20) (2.34) 103 2
2 M...... 37.9|54.4|73.7)| (2.86) .... | (2.20) (2.80) 135 8
3 ML.. 39.4 15271726 (2.90) ....|(2.18) (2.83) 130.0
4 |MLP. 30.2 153.2 17081 (290) ....1(2.200 .... (2.69) 121.8
5 10...... 36.2 13991593 ( 96) 1.06 16 2
6 R...... 38.2 1 48.4172.0) ( .95) .67 16.8
7 |[RL.....| 39.8 149.8{70.9 | (1.05) .73 16 6
8 |RLP....141.0{51.0| 73 4| (1.04) .82 14.4
9 |RLPK..[409{491 | 71.1| (1 03) 89 ... 147
10 j0....... 31.1 | 37.4 | 61 8| (2.73) (1.96)
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The data thus far obtained indicate that the addition of organic matter to
the soil, whether in the form of animal manures or plant manures, has produced
beneficial effects. Limestone on the whole seems to have produced no marked
effect on this field. Phosphorus has as yet returned no profit when applied with
manure and limestone, but when applied in the residue system gains in yield in
all of the grain crops are shown. It is probable that as time goes on, and the
nitrogen supply becomes built up thru the incorporation of organic matter,
phosphorus will become a limiting element and greater profit will result from
its use. The application of potassium has produced no significant results.

The Spring Valley Field

The Spring Valley field is located on the grounds of the Township High
School. This land was formerly timbered. The surface is very rolling. In faect,
the contour is so uneven as to render the plot comparisons very difficult in some
cases.

The field is laid out in two rotations, a major and a minor. The major crop
rotation consists of wheat, corn, oats, and clover and occupies four series of
plots with 12 plots in each series. The minor rotation, on the shorter series,
consists of corn, corn (for silage), and oats (with sweet clover seeding) while
alfalfa occupies the fourth series. Figure 5 shows the arrangement of these
plots.

Inasmuch as this field has been so recently established and so few results
have been obtained since full treatment has been in effect, no attempt is made
at this time to summarize the results. However, for the benefit of those who
are interested in watching developments on these plots, the tabulated yields of
all ecrops harvested up to 1921 are presented in Table 7.
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TasLe 7.—SPRING VALLEY FIELD: BrownN Siut Loam, FormerLY TIMBERED;
EarLYy WiscoNSIN GLACIATION
Average Annual Yields—Bushels or (tons) per acre
Plot | Soil treatment 1915 1916 1917 1918 1919 1920

No. applied
Corn Oats? Clover? | Wheat? Corn Oats
100A3 (LaP. ... oo
100B3 [LirP. ..o
101 Qoo 34.8 359 (2.26) 53.2 41.6 55.3
102 M.............. 27.8 32.5 (1.83) 46.0 42 4 51 6
103 ML............ 26.4 29.7 (2.36) 51 0 47 6 50.6
104 |MLP........... 34.4 35.9 (2.40) 50.3 55.6 60.0
105 O, 35.0 26.9 .03 55.3 43.6 50.6
106 R.o............. 30.4 31.2 .05 55.0 54 4 40 0
107 RL............. 31.2 34 4 .03 56 3 57.2 46.9
108 |RLP........... 30.2 38 1 .05 57.2 56.8 52.2
109 RLPK.......... 33.0 36.9 .03 49.7 66.0 58.8
110 O 350 35.9 (1.34) 45 2 30 8 481
Wheat Corn Oats Clover Wheat Corn
200A% [LiaP... ... . o e
200B2 \LixP....o oo e
2010 (0..... ......... 19.0 25 8 56.2 (3.84) 33.5 38.2
202 M.............. 8.2 13.8 44.1 (4.26) 32.5 54 0
203 [ML............ 6.3 10.4 39.1 (4.20) 32.7 53.8
204 [IMLP........... 15.5 17.8 49.7 (4.57) 34.3 55.0
205 0., 15 8 14.6 40 9 j(3.11)] .25] 33.5 39.0
206 |R.............. 15.5 19.8 39.7 (3.37)| .42| 30.8 47 .4
207 RL............. 21.2 30.0 47.8 (3 55)| .67 33.3 50 6
208 (RLP........... 20.8 26.2 55.6 [(3.77)|1.17] 33.8 53.0
209 |RLPK.......... 18.8 25.0 42 .2 (3.38)] .50 31.3 53.4
210 Ot 13.5 20 2 42.5 (4.56) 31.5 35.6
Soybeans | Wheat? Corn Oats Clover Wheat
300A3 [LaP. .. ... o e
300B2 [LirP. .. ..o e
300 [0............... (1 45) 26 0 23.6 46.6 (2.87) 25.3
302 M.............. (1 36) 17.3 32.4 45.9 (2.94) 23.8
303 |ML............ (1.40) 16 3 29.6 37.5 (2.72) 26.7
304 MLP........... (1.54) 21 2 44.0 50.0 (3.42) 29.3
3056 |0............... 16.5 20 7 23.8 39.4 (1.58) 21.7
306 |R.............. 17.2 17.2 46.2 54.7 (2.04) 24.3
307 |RL............. 17.3 23.8 48.0 55 0 (2.00) 33 8
308 RLP........... 17 5 19.2 45.6 62.2 (1.81) 33.5
309 RLPK.......... 17.0 14.3 50 4 50.0 (1.95) 26 7
310 |0............... (1.36) 16 7 20.0 35.9 (2 70) 21 2
Oats Clover? Wheat? Corn Oats Clover
400A3 (LaP.. ... oo
400B3 (LirP..o. oo e
401 [ N 41.2 (2.31) 36.5 54 .4 36.9 (2 23)
402 M.............. 38.4 (2.00) 33.0 58.0 38 8 (2 48)
403 ML............ 23.1 (1 92) 32.8 57.2 39.1 (2 22)
404 |MLP........... 34.7 (2.33) 38.2 63.6 40.9 (2.50)
405 [0............... 33.8 .10 350 50.4 36.6 [(1.46)]1.40
406 [R.............. 28.8 17 37.3 57.2 34.7 |(1.58))1 87
407 RL............. 38.1 .12 39.3 67.6 54.1 (1 58)[1 95
408 (RLP........... 32.5 .15 41.8 64.0 45.9 [(1.68)!2 02
409 |RLPK.......... 38.8 .15 39 0 76.8 48.8  |(1.47)|]1 87
410 Oceiviin i, 31.9 (2.33) 35.0 59.2 45.6 (2 39)
1Lime only. 2No manure.

3In 1917 Plots A and B were added to each of the four series from 100 to 400 for the pur-
The treatment for this test was not begun until

pose of making a comparative phosphorus test.

1921.

This treatment is as follows: on Plot A of each series, acid phosphate at the rate of
200 pounds per acre per year; on Plot B, finely ground rock phosphate at the rate of 400
pounds per acre per year; on both A and B, limestone at the rate of 500 pounds per acre per
year, which is one-half of the usual rate.
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An analysis of these yields shows that increasing gains for the better treat-
ments are already being obtained, thus indicating that as time goes on the dif-
ferences between the treated plots and the check plots will become more and
more pronounced.

‘While it is far too early to draw final conclusions it is of interest to note a
few points which the experiments seem to indicate. The possibility of building
up this land thru the use of legumes and crop residues in connection with the
application of limestone is already becoming apparent. While it is doubtful
whether the gains produced by phosphorus are sufficient as yet to represent
actual financial profit, it is altogether probable that the results will become more
favorable for phosphorus as time goes on. As to the effect of potassium on this
soil, it is clear that in the system of farming practiced, this material has been
applied at a finanecial loss.

BLACK CLAY LOAM

The Hartsburg experiment field, representing black clay loam of the middle
Illinojsan glaciation, is located in Logan county just east of Iartsburg. The
work was begun here in 1913. There are five series of ten plots each. A ecrop
rotation of wheat, corn, oats, and clover, with alfalfa on a fifth field, is practiced.
The soil treatments are as indicated in Table 8. The table also summarizes the
yields, by crops, for the period during which the plots have been under full
treatment.

Under the conditions of these experiments, residues alone have proved to be
more effective than manure alone in the production of wheat, corn, and oats.

Limestone used with manure has given such greatly increased yields as to
leave no doubt about the profitableness of its use. When applied with residues,
however, there appears to be on the whole little advantage from the use of
limestone,

TasLe 8. —HARTSBURG FIELD: Brack Cray Loaw, Pramrig; MippLE ILLINOISAN
GraciATION

Average Annual Yields—Bushels or (tons) per acre

Serial Soil Wheat Corn Oats Clover |Soybeans| Alfalfa
plot treatment
No. applied 5 crops | 8 crops 7 crops| 4 crops 2 crops | 8 crops!
1 O 22.6 43.4 45.4 (1.98) (1.29) (3.30)
2 M. 27.4 48.3 50.2 (2.41) (1.64) (3.61)
3 ML................ 34.2 56.9 57.9 (2.51) (1.82) (3.83)
4 MLP.............. 38.2 56.0 57.3 (2.62) (1.92) (4.04)
5 O 33.3 46.8 43.8 742 25.8 (3.19)
6 Rt 34.0 58.2 55.6 1.222 26.8 (3.60)
7 RL................ 32.0 63.7 54.9 1.322 28.4 (3.28)
8 RLP............... 36.4 61.1 59.0 1.412 26.1 (3.83)
9 RLPK............. 35.2 59.5 57.2 1.422 26.4 (4.01)
10 O 31.7 46.7 46.9 (2.14) (1.69) (3.02)

1No residues except on last two crops. .
?In addition to the clover seed, hay was harvested on Plots 5, 6, 7, 8, and 9 amounting to
.56, 1.01, 1.11, 1.20, and 1.03 tons, respectively.
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Phosphorus has given good returns on the wheat crop, but with the other
crops its recommendation would be doubtful. In this conneection attention
should be called to the fact that chemical analysis of this black clay loam type
generally shows a relatively high phosphorus content. The experience on this
field seems to bear out what the analyses show.

The addition of potassium has produced a depressing effect on the yields
of all grain crops, and with the alfalfa the small gain could scarcely be con-
sidered significant.

YELLOW-GRAY SILT LOAM

Yellow-gray silt loam exhibits an important variation with respect to lime-
stone content. In some areas, altho limestone may be altogether absent in the
surface stratum it is found in abundance at a short distance beneath the sur-
face. Accordingly, variations in response to soil treatment are exhibited by
different experiment fields located on this type. In view of this diserepancy it
is thought well to introduce here the records of two fields, that are representative
of the type but which show a marked diversity in resulfs, one in northern Illi-
nois and one in the southern part of the state.

The Antioch field is located on the late Wisconsin glaciation, in Lake
county, close to the Wisconsin border. The field was started in 1902, with but
a single series of ten plots, under a rotation of corn, corn, oats, and wheat; but
beginning with 1911 the rotation has been wheat, corn, oats, and clover. It was
started in order to learn as quickly as possible what effeet would be produced
by the addition to this type of soil of nitrogen, phosphorus, and potassium, used
singly and in combination. These elements were all applied in commereial form
until 1911, after which the use of commercial nitrogen was discontinued and
crop residues were substituted in its place. Nitrogen was supplied in the earlier
years in 800 pounds per acre of dried blood. Phosphorus is applied in 200
pounds of steamed bone meal, and potassium in 100 pounds of potassium sulfate.
At the beginning, 470 pounds of slaked lime was applied; but since 1912 lime-
stone has been applied at the rate of 1,000 pounds per acre per year.

TapLe 9.—ANTIOCH FIELD: YeLLow-Gray Siut Loam, TiMBeR Soin; Late WiscoNsiN
GLACIATION

Average Annual Yields—Bushels or (tons) per acre

Serial Corn QOats Wheat Clover
plot Soil treatment applied seed
No. 8 crops 5 crops 4 crops 2 crops

1 1 23.9 32.3 15.8 .50
2 L 21.3 26.8 13.2 .30
3 LR. .o 21.3 29.9 20.6 .33
4 LP. .. 30.7 43.6 36.7 1.08
5 LK. ... 23.7 27.8 19.2 .57
6 LRP......ooi i 33.8 43.3 33.3 .57
7 LRK....ccoviiiiiiia . 24.3 26.9 20.8 .59
8 LPK.......... .. o i, 25.1 38.2 30.9 1.26
9 LRPK..........coviiiinen. 38.3 42.6 28.0 .33
10 RPK. ... ..ot 38.4 4.7 30.2 .67
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Manure, limestone, phosphorus Nothing applied
Yield: 61 bushels per acre Yield: 15 bushels per acre

F16. 6.—CoRN ON RALEIGH FIELD IN 1920

Table 9 presents, in summarized form, the results from the Antioch field.
Because of an abnormality in Plot 1, the results from this plot are not con-
sidered. The data show that phosphorus is the one element standing out prom-
inently as producing consistently beneficial results. Potassium applied in addi-
tion to phosphorus has, on the whole, not produced profitable results. Also, the
results are unfavorable for the application of limestone. Limestone, however,
is abundant in the subsoil of this type in the region of this field.

The Raleigh experiment field is located on the lower Illinoisan glaciation,
in southern Illinois, in Saline county. This field is laid out into four series of
ten plots each, under a rotation of wheat, corn, oats, and clover. The treat-
ments, along with the summarized results, are given in Table 10.

The outstanding feature of these results is the effect of limestone. Altho
manure alone produces a substantial increase, especially in the corn crop, when
limestone is added a remarkable increase is found in all crops. A most im-
portant fact is that the organic matter can be effectively built up thru the use
of crop residues, with the application of limestone, so that the crop yields are
practically as high under this ‘‘grain system’’ of farming as where manure is
used.

Phosphorus thus far has given only moderate returns in increased ecrop
vields, but with an increasing quantity of organic matter and nitrogen it is
probable that the phosphorus applications will show up more favorably on sub-
sequent crops. As to the use of potassium, it is to be noted that aside from an
increase of 5.4 bushels of corn in the residues system, the beneficial effect has not
been sufficient to justify the use of this material.
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TasLE 10.—RALEIGH FIELD: YeLLOoW-GRAY Siut LoaM, TiMBER Sorn; LowER ILLINOISAN
GLACIATION

Average Annual Yields—Bushels or (tons) per acre

Serial Soil Corn Qats Wheat Clover Soybeans
plot treatment

No. applied 10 crops | 10 crops 6 crops 4 crops 4 crops
1 L 17.3 10.4 5.8 ( .26) ( .65)
2 M. oo, 29.7 13.0 7.7 ( .31) ( .81)
3 ML................ 40.9 20.0 21.0 (1.08) (1.08)
4 MLP.............. 41.2 20.3 21.5 (1.32) (1.24)
5 O s 17.3 | 10.3 7.0 ( .00) .01z 2.3
6 Rl 20.1 12.8 8.4 ( .00) .01 3.0
7 RL................ 34.9 21.5 18.8 (1.60) .10 5.8
8 RLP............... 36.5 22.7 21.2 (1.61)t .092 6.8
9 RLPK............. 41.9 23.6 22.4 (1.79)r .122 6.0
10 (1 TR 19.6 11.6 6.5 (1.06) ( .57)

10ne crop only (1920).
2Average of two crops.

In accounting for the discrepancy in the response to limestone on these
two fields, the fact is to be considered that the Antioch field is located on the
late Wisconsin glaciation, where the subsoil contains large quantities of lime-
stone; while the Raleigh field represents the lower Illinoisan glaciation, the soil
of which is very acid to a great depth.

In view of these variations, a general recommendation for a complete treat-
ment for soil of this type, that will apply to all localities, cannot be given out
until more information is acquired.

Fortunately, however, each farmer can determine for himself the need of
limestone for his land by applying the simple tests for the presence of carbonates
and seil acidity, as explained under the discussion of limestone on page 43 of
the Appendix.

Phosphorus, which has paid well on the Antioch field, and has given doubt-
ful returns thus far at Raleigh, has varied considerably in its effect when used
on other fields located on this same type of soil. In this situation, therefore,
the present suggestion would be that each farmer might well try out phosphorus
on his own land, on a limited scale, and be guided by the outcome of his experi-
ence. The low phosphorus content of the surface stratum of this soil is an indi-
cation that in a system of permanent agriculture the time is not far off when
phosphorus will become a limiting element to crop production, and the wise
farmer will watch carefully the indications and be ready to make timely pro-
vision for this need.

YELLOW SILT LOAM

A soil fertility experiment field on yellow silt loam is located at Elizabeth-
town, in the southern end of the state, but this field has not been in operation long
enough to furnish results that can be used.
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F16. 7—~WHEAT IN Por-CULTURE EXPERIMENT WITH YELLOW SILT LOAM OF WORN HILL LAND
The need of nitrogen (N) on this type of soil is clearly demonstrated.

TaBLE 11.—Crop YI1ELDS IN Por-CuLTurE EXPERIMENT wiTH YELLOW SIiLT LoaM oF WORN
Hiun, Lanp

Grams per pot

1131%1? Soil treatment applied Wheat Oats
1 oD . Lt e e e 3 5

2 | Limestone. .. ..vv et e 4 4

3 | Limestone, nitrogen. . ..........coutiiiriiierern e, 26 45

4 | Limestone, phosphorus..........cooiiiiiiiin e iiiiiaiinneen 3 6

5 | Limestone, potassium. .. ... ...ttt 3 5

6 | Limestone, nitrogen, phosphorus. ............................. 34 33

7 | Limestone, nitrogen, potassium.............. ... ... 33 46

8 | Limestone, phosphorus, potassium................ ... .. . ...... 2 5

9 | Limestone, nitrogen, phosphorus, potassium.................... 34 33

10 e ¢ T 3 5
Average yield with nitrogen............. ... ... ... ... i 32 42
Average yield without nitrogen. ..............oiiiiini i iiiinanan. 3 5
Average gain for nitrogen. .. .......... . i i e 29 37

However, some experiments in pot culture have been conducted with soil
of this type, the results of which furnish useful data in indicating the proper
management of this kind of soil.

In one experiment a large quantity of typical worn hill soil was collected
from two different places. Each lot of soil was thoroly mixed and put into ten
four-gallon jars. Wheat was planted in one series and oats in the other. Ground
limestone was added to all the jars except the first and last in each set, those
two being retained as control, or check pots. The elements nitrogen, phosphorus,
and potassium were added singly and in combination, as shown in Table 11.

As an average, the yield produced where nitrogen was applied, was about
eight times as large as that secured without the addition of nitrogen.

But there is no need whatever to purchase nitrogen, for the air contains an
inexhaustible supply of it which, under suitable conditions, the farmer can draw
upon, not only without cost, but with profit in the getting. Clover, alfalfa,
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F16. 8. —WHEAT IN Por-CULTURE EXPERIMENT WITH YELLOW SILT L.0AM OF WORN HILL LAND

In the pots at the right, nitrogen is applied in commercial form. In the pots at the left,
nitrogen is secured from the air thru the growing of legumes.

TaBLe 12.—Crop YieLps IN Por-CuLTurRE ExpERIMENT wiTH YELLOW Siut Loam oF WoORrN
Hiir Lanp AND NITROGEN-FIXING GREEN MANURE CrOPS

Grams per pot

Pot . . 1903 | 1904 | 1905 | 1906 | 1907
No. Soil treatment applied Wheat | Wheat | Wheat | Wheat | Oats
L I NoDe.....oviiiiiiii i 5 4 4 4 6
2 | Limestone, legume. .......... J 10 17 26 19 37
11 | Limestone, legume, phosphorus. .............. 14 19 20 18 27
12 | Limestone, legume, phosphorus, potassium. . ... 16 20 21 19 30
3 | Limestone, nitrogen. ........................ 17 14 15 9 28
6 | Limestone, nitrogen, phosphorus.............. 26 20 18 18 30
9 | Limestone, nitrogen, phosphorus, potassium. ...; 31 34 21 20 26
8 | Limestone, phosphorus, potassium............. 3 3 5 3 7

sweet clover, cowpeas, and soybeans are worth raising not only because of their
value as crops but because of their power, when properly inoculated with
nitrogen-fixing bacteria, to secure nitrogen from the atmosphere.

In order to secure further information concerning the best practice in
building up the nitrogen content, another experiment with pot cultures was
conducted for several years with the same kind of worn hill soil as that used for
wheat in the former experiment. The results are reported in Table 12,

To three pots (Nos. 3, 6, and 9) nitrogen was applied, in commercial form,
at an expense amounting to more than the total value of the crops produced.
In three other pots (Nos. 2, 11, and 12) a crop of cowpeas was grown during
the late summer and fall and turned under before the wheat or oats were planted.
Pots 1 and 8 served for important comparisons. After the second cover crop
of cowpeas had been turned under, the yield from Pot 2 exceeded that from
Pot 3; and in the subsequent years the green manure from legumes produced,
as an average, somewhat better results than the commercial nitrogen. This ex-
periment confirms the previous one in showing the very great need for nitrogen
for the improvement of this type of soil—and it also shows that nitrogen need
not be purchased but that it can be obtained from the air by growing legume
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crops and plowing them under as green manure. Of course the soil can be
very markedly improved by feeding the legume crops to live stock and return-
ing the resulting farm manure to the land, if legumes are grown frequently
enough and if the farm manure produced is sufficiently abundant and is saved
and applied with care.

It may not be advisable in all cases to enrich this type of soil in phosphorus,
for with erosion, which is sure to occur to some extent, the phosphorus supply
will be renewed from the subsoil.

Probably the best legumes for this type of soil are sweet clover and alfalfa.
On soil deficient in organic matter, sweet clover grows better than almost any
other legume, and the fact that it is a very deep-rooting plant makes it of value
in increasing the organic matter and in preventing washing. ‘Worthless slopes,
where the land has been ruined by washing, may be made profitable as pasture
by growing sweet clover. The blue grass of pastures may well be supplemented
by sweet clover and alfalfa, and a larger growth obtained, because the legumes
provide the necessary nitrogen for the blue grass.

To get alfalfa started well requires the liberal use of limestone, thoro inocu-
lation with nitrogen-fixing bacteria, and a moderate application of farm manure.
If manure is not available, it is well to apply about 500 pounds per acre of acid
phosphate or steamed bone meal, mix it with the soil, by disking if possible, and
then plow it under. The limestone (about 5 tons) should be applied after
plowing and should be mixed with the surface soil in the preparation of the
seed bed. The special purpose of this treatment is to give the alfalfa a quick
start in order that it may grow rapidly and thus protect the soil from washing.

DUNE SAND

In 1913 the University came into possession of a tract of dunme sand on
terrace, in Henderson county, near the Mississippi river, upon which an ex-
periment field was laid out to determine the needs of these sand soils. This
field is divided into six series of plots. Corn, soybeans, wheat, sweet clover, and
rye, with a cateh crop of sweet clover seeded in the rye on the residues plots,
are grown in rotation on five series, while the sixth series is devoted to alfalfa.
‘When sweet clover seeded in the wheat fails, cowpeas are substituted.

No catch of alfalfa or of sweet clover was obtained till the alfalfa drill was
used in seeding. This covers the seed about one-half inch deep.

Mable 13 indicates the kinds of treatment applied, the amounts of the ma-
terials used being in aceord with the standard practice, as explained on page 52.

The data make apparent the remarkably beneficial action of limestone on
this sand soil. Where limestone has been used in conjunction with crop residues,
the yield of corn has been doubled. The limestone has also produced a fair crop
of rye and excellent crops of sweet clover and alfalfa.

This land appears to be quite indifferent to phosphorus treatment. The
analysis shows, however, that the stock of phosphorus in this type of soil is not
large, and it may develop as time goes on and the supply diminishes along with
the production of good-sized crops, that the application of this element will
become profitable.
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Manure Manure and limestone
Yield: Nothing Yield: 4.43 tons per acre

Fia. 9.—ALFALFA ON OQuawkA Fierp 1N 1918

Altho the results show an increase of 3.4 bushels of corn from the use of
potassium salts, with ordinary prices this would not be a profitable treatment.
The .64 bushel gain in sweet-clover seed is the average of two crops only, and
this is insufficient data upon which to base conclusions. The other crops all
show negative results from the potassium application.

Experience thus far shows rye to be better adapted to this land than wheat,
and both alfalfa and sweet clover thrive better than soybeans. With these two

TapLE 13.—OQUAWKA FIELD: DunE SaNp, TERRACE
Average Annual Yields—Bushels or (tons) per acre

Serial Soil Soy- Sweet

plot treatment Corn | peanst | Wheat clover Rye | Alfalfa

No. applied 6 crops | 5 crops 6 crops 4 crops 4 crops | 3 crops
1 O.viveenennnnn 14.3 ( .89) 6.4 0 12.1 (.11)
2 M...oooveoial, 18.9 (1.01) 8.1 0 13.3 ( .13)
3 ML............. 23.4 (1.27) 9.7 (1.20) 20.1 (1.88)
4 MLP............ 22.2 (1.20) 10.1 (1.26) 19.5 (2.03)

2 crops 2 crops

5 [ 14.4 3.5 7.4 ( 0) 13.7 ( .14)
6 R.oevvrvenionn, 16.2 3.5 8.1 ( 0) 0 14.1 ( .12)
7 RL............. 29.3 6.6 9.1 (1.47) 2.53 23.2 (2.05)
8 RLP............ 29.3 6.4 10.4 (1.39) 2.20 24.2 (1.90)
9 RLPK........... 32.7 6.0 9.4 (1.53) 2.84 23.7 (1.86)
10 0. e 11.4 ( .60) 6. ( 0) 10.6 ( .06)

1 In 1918 sweet clover was killed by being cut for hay. Soybeans were seeded on these plots
and the following yields obtained: .86, 1.10, 1.93, and 2.00 tons of hay per acre on Plots 1 to 4;
11.1,19.9, 14.6, 15.8, and 16.6 bushels of seed per acre on Plots 5 to 9; and .62 ton of hay per acre
on Plot 10.
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legume crops thriving so well under this simple treatment, we have promise
of tremendous possibilities for the profitable culture of this land, which hitherto
has been considered as practically worthless.

Deep Peat

As representing the deep peat type of soil, the results are introduced from
an experiment field conducted at Manito in Mason county during the years
1902 to 1905 ineclusive.

There were ten plots receiving the treatments indicated in Table 14.

The results of the four years’ tests, as given in Table 14, are in complete
harmony with the information furnished by the chemical composition of peat
soil. Where potassium was applied, the yield was from three to four times as
large as where nothing was applied. Where approximately equal money values
of kainit and potassium chlorid were applied, slightly greater yields were ob-
tained with the potassium chlorid, which, however, supplied about one-third
more potassium than the kainit. On the other hand, either material furnished
more potassium than was required by the crops produced.

The use of 700 pounds of sodium chlorid (common salt) produced no
appreciable increase over the best untreated plots, indieating that where potas-
sium is itself actually deficient, salts of other elements cannot take its place.

Applications of 2 tons per acre of ground limestone produced no increase
in the corn crops, either when applied alone or in combination with kainit,
either the first year or the second.

Reducing the application of kainit from 600 to 300 pounds for each two-
year period reduced the yield of corn from 164.5 to 125.9 bushels. The two
applications of 300 pounds of kainit (Plot 9) furnished 60 pounds of potassium
for the four years, an amount sufficient for 84 bushels of corn (grain and stalks).
Attention is called to the fact that this is practically the difference between the
vield of Plot 9 (125.9 bushels) and the yield obtained from Plot 2 (42.9 bushels),
the poorest untreated plot.

TaBLE 14.—MANITO FIELD: Dserp PraT
Corn Yields—Bushels

Plot Soil treatment Corn | Corn Soil treatment Corn | Corn | Four
No. for 1902 1902 | 1903 for 1904 1904 | 1905 | crops
1 None................ 10.9 8.1 None................ 17.0 | 12.0 48.0
2 None................ 10.4 | 10.4 Limestone, 4000 1bs... .| 12.0 | 10.1 { 42 9
Limestone, 4000 lbs..
i Ka.lmt 6001bs........ 30.4 | 32.4 g %almt %388 %gs .... z» 49.6 | 47.3 | 159.7
Kainit, 600 Ibs. . 30.3 | 33.3 | { Kainit, S.....
%Acldulat’d bone, 350 1b. % \ Steamed bone,395 ibs. f 53.5 1 47.6 1164.7
5 Potassium chlorid, Potassium chlorld
2001bs............. 31.2 | 33.9 4001Ibs............. 48.5 1 52.7 | 166.3
6 Sodium chlorid, 700 lbs.} 11.1 | 13.1 None................ 2401221 70.3
7 Sodium chlorid, 700 lbs.| 13.3 | 14.5 Kainit, 1200 lbs....... 44.5 1 47.3 |......
8 Kainit, 600 1bs........ 36.8 | 37.7 Kainit, 600 1bs........ 44.0 | 46.0 | 164.5
9 Kainit, 300 Ibs........ 26.4 | 25.1 Kainit, 300 1bs........ 41.5 [ 32.9 | 125.9
10 None................ 14.91 14.9 None................ 26.0 | 13.6 69.4

'Estimated from 1903; no yield was taken in 1902 because of a misunderstanding.



Accessibility Statement

The Natural Resources Conservation Service (NRCS) is committed
to making its information accessible to all of its customers and
employees. If you are experiencing accessibility issues and need
assistance, please contact our Helpdesk by phone at (800) 457-3642
or by e-mail at ServiceDesk-FTC@ftc.usda.gov. For assistance with
publications that include maps, graphs, or similar forms of information,
you may also wish to contact our State or local office. You can locate
the correct office and phone number at http://offices.sc.egov.usda.gov/
locator/app.

The USDA Target Center can convert USDA information and
documents into alternative formats, including Braille, large print, video
description, diskette, and audiotape. For more information, visit the
TARGET Center’s Web site (http://www.targetcenter.dm.usda.gov/) or
call (202) 720-2600 (Voice/TTY).

Nondiscrimination Policy

The U.S. Department of Agriculture (USDA) prohibits discrimination
against its customers, employees, and applicants for employment on
the basis of race, color, national origin, age, disability, sex, gender
identity, religion, reprisal, and where applicable, political beliefs,
marital status, familial or parental status, sexual orientation, whether
all or part of an individual's income is derived from any public
assistance program, or protected genetic information. The Department
prohibits discrimination in employment or in any program or activity
conducted or funded by the Department. (Not all prohibited bases
apply to all programs and/or employment activities.)

To File an Employment Complaint

If you wish to file an employment complaint, you must contact your
agency’s EEO Counselor (http://directives.sc.egov.usda.gov/33081.
wba) within 45 days of the date of the alleged discriminatory act,
event, or personnel action. Additional information can be found online
at http://www.ascr.usda.gov/complaint_filing_file.html.

To File a Program Complaint

If you wish to file a Civil Rights program complaint of discrimination,
complete the USDA Program Discrimination Complaint Form, found
online at http://www.ascr.usda.gov/complaint_filing_cust.html or at
any USDA office, or call (866) 632-9992 to request the form. You
may also write a letter containing all of the information requested in
the form. Send your completed complaint form or letter by mail to
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U.S. Department of Agriculture; Director, Office of Adjudication; 1400
Independence Avenue, S.W.; Washington, D.C. 20250-9419; by fax to
(202) 690-7442; or by email to program.intake@usda.gov.

Persons with Disabilities

If you are deaf, are hard of hearing, or have speech disabilities and
you wish to file either an EEO or program complaint, please contact
USDA through the Federal Relay Service at (800) 877-8339 or (800)
845-6136 (in Spanish).

If you have other disabilities and wish to file a program complaint,
please see the contact information above. If you require alternative
means of communication for program information (e.g., Braille, large
print, audiotape, etc.), please contact USDA's TARGET Center at
(202) 720-2600 (voice and TDD).
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