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INTRODUCTORY NOTR

About two-thirds of Illinois lies in the eorn belt, where most of the prairie
lands are black or dark brown in color. In the southern third of the state, the
prairie soils are largely of a gray color. This region is better known as the
wheat belt, altho wheat is often grown in the corn belt and corn is also a com-
mon crop in the wheat belt.

Moultrie county, representing the corn belt; Clay county, which is fairly
representative of the wheat belt; and Hardin county, which is taken to repre-
sent the unglaciated area of the extreme southern part of the state, were se-
lected for the first Iliinois Soil Reports by counties. While these three county
scil reports were sent to the Station’s entire mailing list within the state, sub-
gsequent reports are sent only to those on the mailing list who are residents of the
county concerned, and to any one else upon request.

Each county report is intended to be as nearly complete in itself as it
is practicable to make it, and, even at the espense of some repetition, each
will contain a general discussion of important fundamental prineciples in order
to help the farmer and landowner understand the meaning of the soil fer-
tility invoice for the lands in which he is interested. In Soil Report No. 1,
““Clay County Soils,”” this discussion serves in part as an introduction, while
in this and other reports, it will be found in the Appendix; but if necessary it
should be read and studied in advanece of the report proper.



SOIL CONDITIONS IN NORTHEASTERN ILLINOIS

(Statement Supplementing the Soil Reports for the Counties Listed Below)

The soil maps of the counties in northeastern Illinois which were made fror
23 to 45 years ago do not show the character of the glacial till underlying the soils
in this reglion. This fact makes 1t necessary to interpret these maps in the light of
more recent knowledge, since the agricultural velue of the soils in this part of the
state often is determined by the character of the underlying material.

The counties having soll maps which are defective in this respect are
Champaign, Cook (unpublished), DuPage, Grundy, Kene, Kankakee, Lake, LaSalle, McHenry
Mclean, Piatt, Will, and Woodford.

In addition to the counties listed, the following counties now have soil
maps showing the areas where unfavoreble underlying glacial till is present: Ford,
Iroquois, Kendall, Livingston, lMarshall, Putnam, and Vermilion.

The glacial tills in the northeastern part of Illinois vary from highly
plastic, very slowly permeable materlal to loose, sandy, gravelly material which is
porous and drouthy. The following tabulation shows the tills ranging in permeability
to water from very slowly permeable to optimum or moderate permeability, but does not
show the sandy, gravelly tills which occur less extensively than the slowly permeable
tills, Only the dark-colored or prairie soile are listed, as they are more extensive
than the light-colored or timber soils in all counties in this region except Lake and
McHenry.

Clay till - Clarence-Rowe soils - very slowly permeable

Silty clay till - Swygert-Bryce soils - slowly permeable

Silty clay loam till - Elliott~Ashkum soils - moderately slowly
permeeble

Loam t11l ~ Saybrook-Lisbon soils - optimum permeability

On all soil maps published prior to 1930 the above-listed soils were for
the most part shown as Brown Silt Loam and Black Clay Loem, The agricultural signif-
icance of the separations now being made is indicated by the following yields of hy-
brid corn on farms under good management for the period 1937 to 194k,

Clarence~Rowe - average of 3 farms - 51 bushels an acre
Swygert-Bryce - ! " 12 " ~ 60 bushels an acre
Flliott-Ashkum = i " 20 " - 64 bushels an acre
Saybrook-Lisbon -~ " " 20 " - 76 bushels an acre

Further information ebout soil conditions in northeastern Illinois and in
other parts of the 8tate may be secured from the county farm advisers and from the
Soil Survey, Department of Agronomy, Urbana,

Department of Agronomy
University of Illinois
Agricultural Experiment Station
igh9
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McLEAN COUNTY SOILS

By OCYRIT: G. HOPKINS, J. G. MOSIER, E. VAN ALSTINE, axp F. W. GARRETT

MecLean county is located in the eentral part of Illinois in the early Wiscon-
sin glaciation. The general topography is undulating to slightly rolling, tho an
area in the northwestern part of the county along the Mackinaw river is in part
badly broken.

The difference in topography is due to two causes—glacial action and stream
erosion. This county was covered by two ice sheets during the Glacial period.
At that time snow and iee accumulated in the region of Labrador and to the west
of Hudson Bay to such an amount that it pushed southward until a point was
reached where the ice melted as rapidly as it advanced. In moving across the
country, the ice gathered up all sorts and sizes of material, including clay, silt,
sand, gravel, boulders, and even large masses of roek. Many of these were car-
ried for hundreds of miles and rubbed against the surface rocks or against each
other until ground into powder. When the limit of advance was reached by the
melting of the ice, this material accumulated in a broad undulating ridge, or mo-
raine. When the ice melted away more rapidly than the glacier advanced, the
terminus of the glacier would recede and leave this material deposited somewhat
uniformly over the tract, marking the arca previously eovered by the ice sheet.
Other advances occurred which built up other moraines. The intervening intermo-
rainal traets are occupied chiefly by level, undulating, or slightly rolling plains.

The material transported by the glacier varied with the character of the
rocks over which it passed. Granites, limestones, sandstones, shales, et cetera,
were mixed and ground up together. This mixture of all kinds of material—
boulders, clay, silt, sand, and gravel—is ealled boulder clay, till, glacial drift, or
simply drift. The grinding and denuding power of glaciers is enormous. A
mass of ice 100 feet thick exerts a pressure of 40 pounds per square inch, and this
ice sheet may have been thousands of feet in thickness. The materials earried
along in this mass of ice, especially the boulders and pebbles, became powerful
agents for grinding and wearing away the surface over which the ice passed.
Preglacial ridges and hills were rubbed down, valleys were filled with the debris,
and the surface features were changed entirely.

McLean county was first covered by the Illinois glacier, which did its share
toward leveling the region and covering it with a deposit of boulder clay. After
this a long period elapsed, during which a soil known as the Sangamon soil was
formed from this glacial deposit. Then another advance occurred, known as the
TIowan glacier. This glacier did not reach McLean county, but after its melt-
ing the state was covered with a deposit of wind-blown loess, which buried the
cld soil that was formed from the Tllinois glacial drift. A new soil was formed
from the loess, and after a long period had clapsed another ice advanee oc-
curred—the carly Wisconsin glacier, This covered the entire county, bringing

1



2 SoiL. ReporT No. 10 [May,

with it immense quantities of the material which now covers the county to an
average depth of 200 fect and in many places reaches a depth of 250 feet. The
outer limit of this glaciation, known as the Shelbyville moraine, extends to the
south-western corner of McLean county. (Sece the state soil map in Bulletin 123.)

The early Wisconsin glacier advanced and receded in this county at least
three different times, building up terminal moraines with cach advance. The
largest of these is the Bloomington moraine, which in the western two-thirds of
the county is made up of a double ridge, coaleseing as it reaches the eastern part.
This double ridge indicates two distinet glacial advances. Another moraine,
known as the Cropsey ridge, occurs in the northeastern part of the county. A
small spur from the Champaign moraine extends into the southeastern corner of
the county, and it is likely that the extension of this was covered by the Bloom-
ington moraine, which is about 100 feet higher than the area to the south. The
intermorainal traets are naturally poorly drained. They were formerly occupied
by swamps, which have required much artificial drainage.

PrYSIOGRAPIIY

The altitude of MelLiean county varies from 600 to about 900 feet above sea
level, with an average of approximately 750 feet. The highest point, 920 feet,
is on the Bloomington moraine near the center of Township 23 North, Range 4
East. The altitude of some of the points are as follows: Arrowsmith, 877 feet;
Bellflower, 784 ; Bloomington, 821 ; Chenoa, 723 ; Colfax, 742; Cropsey, 802; Dan-
vers, 808 ; Downs, 794 ; Ellsworth, 863 ; Funk’s Grove, 694 ; Gillum, 820; Gridley,
752 ; Hudson, 768; Lexington, 746 ; Leroy, 780 ; McLean, 708; Normal, 790 ; Say-
brook, 786 ; Weedman, 725.

The county is divided into four drainage areas: the Mackinaw in the north
and northwest, the Sangamon in the east, Rooks creck, a branch of the Vermilion,
in the northeast, and Sugar ercek and its branches in the south and southwest.
All these streams, however, flow into the Illinois river. Drainage is naturally
well developed in the western half of the county.

Sorn. MATERIAL AND SoiL TyPES

The carly Wisconsin glacier left extensive deposits of boulder clay over the
county, but the soils as a general rule are not formed from this material. After
the Wisconsin glacier, the county was again covered by a deposit of fine wind-
blown material, loessial in character, varying from 2 to 7 feet in depth, and it is
from this loess that the soil has generally been formed. In very small areas on
some of the more rolling parts, this fine material has been removed to such an
extent that the exposed boulder clay may constitute the soil material.

The soils of the county are divided into four classes, as follows:

(a) Upland prairvie soils, rich in organic mafter. These were originally
covered with wild prairie grasses, the partially decayed roots of which have been
the source of the organic matter. The flat prairic land contains the higher
amount of this constituent because the grasses and roots grew more luxuriantly
there, and the higher moisture eontent preserved them from complete deeay.

(b) TUpland timber soils, including those zones along stream courses over
which for a long period of time forests once cxtended. These soils contain much



1915] McLEaN COUNTY 3

TABLE 1.—So01L TyPES OF McCLEAN CoUNTY

Soil | | Area | , =  Percent
type Name of type i in square in meres ! of total
No. | [ miles ‘ ares
06 (a) Upland Prairie Soils (page 24) ? |
11562 Brown silt 108 .. veereninneennenneeneeeeenn 84738 542 323.2 | 72.602
1120 Black clay loam ........cciiiiiiiiiiiiiii ., 168.69i 107 961.6 ‘ 14.474
1120.2 |Gravelly black elay loam.........cooiiveiniot. : 4.04° 2 5%5.6 l 345
1128 |Brown-gray silt loam on tight elay ................ \ 242 1548.8 207
oo b [Gravelly Toam ..o R @ 15, 90 L 012
(b) Upland Timker Soils (page 29) %
1194 |Yellow-gray silt 10aI . ..ovuinniiiinn | 7342 46 988.8| 6.207
i |
Lag b [ Vellow silt Toam ...oooiiiii | o743’ 175552 | 2357
(e¢) Terrace Soils (page 37)
1527 |Brown silt loam over gravel ...................... .26 166.4 .002
1526.2 |Brown silt loam on gravel .......... ... ... 1.77 1 132.8 152
1534.2 | Yellow-gray silt loam on gravel ................... 97 : 620.8 .083
(d) Swamp and Bottom-Land Soils (page 38) :
1401 |Deep peat ... i e a3 83.2 011
1426 |Deep brown silt loam........... e 23.88 15 283.2 2.008
1454 [Mixed 10AM .+ ovvvinannannas B 18.06| 11 5584 1.520
2= IR 1 168.60 1 747 904.0 | 100.000

less organic matter, because the large roots of dead trees and the surface accu-
mulations of leaves, twigs, and fallen trees were burned by forest fires or suffered
almost complete decay. The timber lands are divided chiefly into two classes—
the undulating and the hilly areas.

(¢) Terrace soils. These have been formed by deposits from flooded
streams overloaded with coarse sediment at the time of the melting of the glacier.
Finer deposits which were later made upon the coarse gravelly material now con-
stitute the soil.

(d) Swamp and bottom lands, which include the flood plains along streams
and some small peaty swamp areas.

Table 1 gives the arca of each type of soil in the county and its percentage
of the total area. It will be observed that 7214 percent of the area congists of
brown silt loam, 1414 percent of black clay loam, and 6 percent of yellow-gray
silt loam, these three types covering 93 percent of the county. The accompany-
ing maps show the location and boundary lines of every type of soil in the county,
even down to areas of a few acres.

THE INVOICE AND INCREASE OF FERTILITY IN McLEAN
COUNTY SOILS

SoIL ANALYSIS

In order to avoid confusion in applying in a practical way the techniecal
information eontained in this report, the results are given in the most simplified
form. The composition reported for a given soil type is, as a rule, the average
of many analyses, which, like most things in nature, show more or less variation;
but for all practical purposes the average is most trustworthy and sufficient.



4 SoiL REPORT No. 10 [May,

{See Bulletin 123, which reports the general soil survey of the state, together
with many hundred individual analyses of soil samples representing twenty-five
of the most important and most extensive soil types in the state.)

The chemical analysis of a soil gives the invoice of fertility actually pres-
ent in the soil strata sampled and analyzed, but, as explained in the Appendix,
the rate of liberation is governed by many factors. Also, as there stated, prob-
ably no agricultural fact is more generally known by farmers and landowners
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 the productive power of normal soil
in humid sections depends upon the stock of plant food contained in the soil
and upon the rate at which it is liberated.

The fact may be repeated, too, that ecrops are not made out of nothing.
They are composed of ten different elements of plant food, every one of which
is ‘absolutely essential for the growth and formation of every agricultural plant.
Of these ten elements of plant food, only two (carbon and oxygen) are secured
from the air by all plants, only one (hydrogen) from water, while seven are
secured from the soil. Nitrogen, one of these seven elements secured 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
the leguminous plants (which include the clovers, peas, beans, alfalfa, and
vetehes), in common with other agricultural plants, secure from the soil alone
six elements (phosphorus, potassium, magnesium, caleium, iron, and sulfur) and
also utilize the soil nitrogen so far as it becomes soluble and available during
their period of growth.

Table A in the Appendix shows the requirements of large crops for the five
most important plant-food elements which the soil must furnish. (Iron and
sulfur are supplied normally from natural sources in sufficient abundance, eom-
pared with the amounts needed by plants, so that they are never known to limit
the yield of common farm crops.)

In Table 2 are reported the amounts of organic carbon (the best measure of
thie organic matter) and the total amounts of the five important elements of plant
food contained in 2 million pounds of the surface soil of each type,—the plowed
soil of an acre about 624 inches deep. In addition, the table shows the amount
of limestone present, if any, or the soil acidity as measured by the amount of
limestone required to neutralize the acidity existing in the soil.

The soil to the depth indicated includes at least as much as is ordinarily
turned with the plow, and represents that part with which the farm manure,
limestone, phosphate, or other fertilizer applied in soil improvement is incor-
porated. It is the soil stratum that must be depended upon in large part to
furnish the necessary plant food for the production of crops, as will be seen from
the information given in the Appendix. Xven a rich subsoil has little or no
value if it lies beneath a worn-out surface, for the weak, shallow-rooted plants
will be unable to reach the supply of plant food in the subsoil. If, however,
the fertility of the surface soil is maintained at a high point, then the plants,
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with a vigorous start from the rich surface soil, can draw upon the subsurface
and subsoil for a greater supply of plant food.

By easy computation it will be found that the most commen prairvie soil of
McLean county does not contain more than enough total nitrogen in the plowed
soil for the production of maximum crops for forty years, while the upland
timber soils contain, as an average, much less nitrogen than the prairie land.

With respeet to phosphorus, the condition differs only in degree, more than
cight-tenths of the soil arca of the county econtaining no more of that clement
than would be required for fifteen crop rotations if such yields were secured as
are suggested in Table A of the Appendix. It will be scen from the same table
that with the cercals about three-fourths of the phosphorus taken from the soil is
deposited in the grain, while only one-fourth remains in the straw or stalks.

On the other hand, the potassinm is sufficient for 28 centuries if only the
grain is sold, or for 450 years cven if the total erops should be removed ancd
nothing returned. The corresponding figures are about 2,000 and 500 years for
magnesium, and about 9,000 and 200 yecars for calcium. Thus, when measured
by the actual erop requirements for plant food, potassium is no more limited
than magnesium and caleium; and as explained in the Appendix, with magne-
stum, and more especially with caleium, we must also consider the faet that loss
by leaching is far greater than by cropping.

These general statements relating to the total quantities of plant food in
the plowed soil certainly emphasize the fact that the supplies of some of these
neeessary elements of fertility are extremely limited when measured by the needs
of large crop yields for even one or two generations of people, and, with a popu-
lation inercasing by more than 20 percent each decade, the future needs of the

TABLE 2,—FERTILITY IN THE SoiL§s ¢F McLeaXN Couxty, ILLINOIS

“Average pounds per acre in 2 million pounds of surfacc soil (akout 0 to 624 inches)

“Soil | Total ~Total | Total | Total | Total | ""fc}t’al’;’l;ir}?s-’ ~ Soil
tvpe | Soil type organie nitro- \ phos- 4p0tds‘ magne-. cal- | stone acid-
No. calbon gen  phorusi sium = sium  cium prerent ity

Upland Prairie Soils
1126 Brown silt loam........ 57 410 4 ST0 1 120 36 640, 8 350« 9 360 | 60
1120 'Black clay loam........ 191 370 8 16012 000 34 210,16 580 31 240 ' Often Rarely
1120.2 Gravelly black clay loam. 65 180 6 020 ,1 620 32 520 23 920 74 740 170 760
1128 DBrown-gray silt loam on' : i { |

i tight elay ......... .. 147 880 4 200 1 380 36 220, 6 780 T 300 1120
1190 Gla\ell\ loam ......... 32 520 3 0401 000 735240»1&8 240 6 780 Lo20
Upland Timbter Soils
1124 Yellow-gray silt loam... 33 670. 2 940 1 050 '35 910' 6 220 7 820 60
11“‘) |Yellow %11’( loam ....... 17 1§04 1_763707 - 1107&371%40_ 77733071"13»42()‘ - 7130
Termco Soils
I_S‘T'F 'Brow_xT ;1; ldarﬁ o;;r - i ‘

Iogravel ... ' 65 180. 5 980 | 1 420 36 180 8 700 T 140 40
1526.2 Brown silt loam on nlaxol 41 930 3 77011 080 38 430 8 050 7 480 40
1534.4' Yellow-gray silt 1oam on :

| gravel ...l | 35 5200 8 660 i 1 080 37 000 6 700 7 80. 20

Sv»amp and Bottom Land Soils

1401 [Deep peat ............ .. [318 850 29 030‘ 710 6 240, 5 610 [33 460 - 3 930{
1426 Deep brown silt loam. .. | 79 940 6 620 | 2 120 38 980 11 260 | 16 500, | 60
1454 Mixed loam .......... f 65 760. 5 980 - 1 760 [42 620 14 080 : 90 1007 8 120,
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people dependent upon the corn belt are likely to be far greater than the re-
quirements of the past, and soil fertility and crop yields should not decrcase but
increase.

In the production of general farm crops, McLean is now the leading county
in the United States. The only rival counties for the position of greatest in agri-
culture are Los Angeles, Cal., and Lancaster, Pa. The crop values reported for
these counties by the latest United States census (for 1909) are as follows:

i
County Valauﬁ of erops except
tobaceco, vegetables,

erops fruits, and nuts
Los Angeles, California ..... ... .. ... . .... $14 720 884 | $6 734 259
Lancaster, Pennsylvania ..................... 13 059 588 ' 8 617 170
MecLean, Illinois ........... oo, 12 811 506 12 690 404

i

Mecliean county produced 16 million bushels of corn in 1909, while 8 million
were produced in the six New England states, less than 10 million in the eleven
Western states, 18 million in Maryland, 21 million in South Carolina, 39 mil-
lion in Georgia, and 390 million in Illinois. And yet McLean county produced
but little more than half a erop, measured by its normal climatie possibilities un-
der rational systems of soil improvement. The ten-year average yield of corn for
MecLean county is 39 bushels per acre, according to the Statistical Reports of the
Illinois State Board of Agriculture for the years 1905 to 1914. During the same
ten years the average acre-yield was 78.3 bushels on the University of Illinois
North Farm at Urbana, where organic manures, limestone, and phosphorus had
been applied. (See records of Plots 6 and 7, Tables 3 and 4, pages 10 and 11.)
Such results should induce careful study of the individual farm with its particu-
lar soil type or types, in order that the best methods may be adopted for soil im-
provement and preservation.

The variation among the different types of soil in McLean county with re-
spect to their content of important plant-food clements is very marked. Thus the
richest prairie land (black clay loam) eontains from three to five times as much
nitrogen and twice as much phosphorus as the common upland timber soils; and
the deep peat soil contains eighteen times as much nitrogen but only cne-sixth as
much potassium as the yellow silt loam. The most significant facts revealed by
the investigation of the McLean county soils are the lack of limestone and the
low phosphorus content of the common prairie soil and of the most extensive tim-
ber type, which ecombined cover nearly 80 percent of the entire county. And yet
both of these deficiencies can be overcome at relatively small expense by the ap-
plication of ground limestone and fine-ground raw rock phosphate; and, after
these are provided, clover can be grown with more certainty and in greater abun-
dance, and nitrogen can thus be secured from the inexhaustible supply in the air.
If the clover is then returned to the soil, either directly or in farm manure, the
combined effect of limestone, phosphorus, and nitrogenous organic matter, with
a good rotation of erops, will in time double the yield of corn and other crops
on most farms.

Fortunately, some definite field experiments have already been conducted on
brown silt loam, the most extensive type of soil in the carly Wisconsin glaciation,
as at Urbana in Champaign county, at Sibley in Ford county, and at Bloomington
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in McLean county. Before considering in detail the individual soil types, it
seems advisable to study some of the results already obtained where definite
systems of soil improvement have been tried out on some of these experiment
fields in different parts of central Illinois.

Resunrs oF F1ELD EXPERIMENTS AT URBANA

A three-year rotation of corn, oats, and clover was begun on the North Farm
at the University of Illinois in 1902, on three fields of typical brown silt loam
prairie land whieh, after twenty ycars or more of pasturing, had grown corn in
1895, 1896, and 1897 (when careful records were kept of the yields produced),
and had then been cropped with clover and grass on one field (Series 100), oats
on another (Series 200), and oats, cowpeas, and corn on the third field (Series
300) until 1901.

From 1902 to 1910 the three-year rotation (with cowpeas in place of clover
in 1902) was followed ; the average yields are recorded in Table 3. A small erop
of cowpeas in 1902 and a partial crop of clover in 1904 constituted all the hay
harvested during the first rotation, mammoth clover grown in 1903 having lodged
so that it was plowed under. (The yields were taken by carefully weighing the
clover from small representative areas, but while the differences were thus ascer-
tained and properly credited temporarily to the different soil treatments, they
must ultimately reappear in subsequent crop yields, and consequently the 1903
clover erop is omitted from Table 3 in computing yields and values.) The aver-
age yiclds given represent one-third of the two small erops.

From 1902 to 1907 legume cover crops (Le), such as cowpeas and clover,
were seeded in the corn at the last cultivation on Plots 2, 4, 6, and 8, but the
growth was small and the effect, if any, was to decrease the returns from the
regular erops. Since 1907 erop residues (R) have been returned to those plots.
These consist of the stalks of corn, the straw of small grains, and all legumes
except alfalfa hay and the seed of clover and soybeans.

On Plots 3, 5, 7, and 9, manure (M) was applied for corn at the rate of
6 tons per acre during the second rotation, and subsequently as many tons of
manure have been applied as there were tons of air-dry produce harvested from
the corresponding plots.

Lime (L) was applied on Plots 4 to 10 at the rate per acre of 250 pounds
of air-slaked lime in 1902 and 600 pounds of limestone in 1903. Subsequently
2 tons per acre of limestone was applied to these plots on Series 100 in 1911, on
Series 200 in 1912, on Series 300 in 1913, and on Series 400 in 1914 ; also 214
tons per acre on Series 500 in 1911, two more fields having been brought into
rotation, as explained on page 8.

Phosphorus (P) has been 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,
one half of each phosphorus plot has received 600 pounds of rock phosphate in
place of the 200 pounds of bone meal, the usual practice being 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 at the yearly
rate of 42 pounds per acre in 100 pounds of potassium sulfate, regularly in eon-
nection with the bone meal and rock phosphate.

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
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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 crop yields by removing the limitations
of inadequate fertility.

Series 400 and 500 were cropped in corn and oats from 1902 to 1910, but
the corresponding plots were treated the same as in the threc-year rotation.
Beginning with 1911, the five series have been used for a combination rotation.
wheat, corn, oats, and clover being rotated for five years on four fields, while
alfalfa occupies the fifth field, which is then to be brought under the four-erop
system to make place for alfalfa on one of the other fields for another five-year
period, and so on. (See Table 4.)

From 1911 to 1914 soybeans were substituted three years because of clover
failure; accordingly three-fourths of the soybeans and one-fourth of the clover
are used to compute values. Alfalfa from the 1911 seeding so nearly failed that
after cutting one crop in 1912 the field was plowed and reseeded. The average
yield reported for alfalfa in Table 4 is one-fourth of the combined erops of 1912,
1913, and 1914,

The ‘‘higher prices’’ allowed for produce are $1 a bushel for wheat and
goybeans, 50 cents for corn, 40 cents for oats, $10 for clover sced, and $10 a ton
for hay; while the ‘‘lower prices’’ are 70 percent of these values, or 70 cents

403
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Prate 1.—CLOVER IN 1913 oN UrBaNA FIELD
FArRM MANURE APPLIED
YiELD, 1.43 TOXS PER ACRE
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for wheat and soybeans, 35 ecents for corn, 28 cents for oats, $7 for clover seed,
and $7 a ton for hay. The double set of values is used to emphasize the fact
that a given practice may or may not be profitable, depending upon the prices
of farm produce. The lower prices are conservative, and unless otherwise stated.
they are the values regularly used in the discussion of results. It should be
understood that the inerease produced by manures and fertilizers requires in-
creased expense for binding twine, shocking, stacking, baling, threshing, haul-
ing, storing, and marketing. Measured by the average Illinois prices for the
past ten years, these lower values are high enough for farm crops standing in
the field ready for the harvest.

The cost of limestone delivered at the farmers’ railroad station in carload
lots averages about $1.25 per ton. Steamed bone meal in carloads costs from
$25 to $30 per ton. Fine-ground raw rock phosphate containing from 260 to
280 pounds of phosphorus, or as much as the bone meal contains, ton for ton,
but in less readily available form, usually costs the farmer from $6.50 to $7.50 per
ton in carloads. (Acid phosphate carrying half as mueh phosphorus, but in
scluble form, commonly costs from $15 to $17 per ton delivered in carload lots
in central Illinois.) Under normal conditions potassium costs about 6 cents a
pound, or $2.50 per acre per annum for the amount applied in these experi-
ments, the same as the cost of 200 pounds of steamed bone meal at $25 per ton.

MaNURE
Line o
PHos

Prate 2.—CLOVER IN 1913 oN UrBANA FIELD
FarM MANURE, LIMESTONE, AND PHOSPHORUS APPLIED
YIiELD, 2.0 TONS PER ACRE



TABLE 3.—YIELDS PER ACRE,

BrowN Siur LoAM PRAIRIE;

THREE-YEAR AVERAGES:
EARLY WISCONSIN GLACIATION

UxrpanNa FIELD

First rotation, 1902-1904 Second rotation, 1905-1907 ’ 'Ihlrd rotatxon, ]908 1910
Selri?] Soil Value of 3 Soil | |  Value of 3 Soil | Clover. Value of 3
0 1 i . 1 5
II)\To. treat- C;)m], Obats, fIay, ___crops | PO ng‘ﬁn, (ﬁfs, Olt%xnesr, crops o Cor, (])[i}s, e ,; cro;I)_Is
ment u. u. ons | Lower | Higher | jeng . Lower | Higher| ont ‘ . (bu.) Lower ‘ igher
S _ prices ‘Pz}ﬁ o _ _prices | prices b ) prlees prices
L 40, 754 | 48.8 49 | $43.48| $62.12 . 0...... ‘ 715 | 46.6 | 2.07 | $52.56 | $75.09 07_‘ 49.4 | 40.8 2.30 . "$44.81 | $64.02
2 |Le...... 774 | 451 | 44 | 42.80) 6114 |Le..... 1685 | 52.0 | 1.83 | 51.34| 7335 R...... 515 ) 434 ) (1.93) = 43.69 | 6241
3 10........ 75.3 | 50.4 41 43.33 | 6191 |M...... | 805 | 54.8 2.19 58.84 | 84.07 |[M..... 1 69.3 | 46.2 2.53 ' 5490, 7843
4 |LeL..... 784 | 47.3 42 43.62 | 62.32 | LeL... } 72.3 | 58.6 1.98 5557 79.39 |RL....| 58.1 | 45.7 | (2.02) 47.27 \ 67.53
5 |L....... 80.8 | 58.2 44 47.66 | 68.08 | ML. 84.8 59_8 2.46 63.64 | 90.92 |ML....| 749 | 475 2.94 - 60.09, 85.85
6 |LeLD...)| 580 | 525 | 50 | 49.00 70.00 | LeLP \ 90,4 | 70.7 | 2.69 | 70.26| 100.38 |RLP...| 83.8 | 545 | (2.64)  63.07 \ 90.10
7 |LP...... 88.8 | 56.6 = .98 | 53.79| 76.84 |MLP... 93.2 | 71.6 | 347 76.96 | 109.94 MLP...‘ 86.6 | 554 | 417 | 7501 | 107.16
8 |LeLPK.. 90.1 | 483 | .64 | 4953 | 70.77 LeLPK‘ 93.8 \ 7TL7 | 3.06 74.32 | 106.18 |[RLPK | 86.7 | 53.5 | (1.99) : 59.26 | 84.65
9 |LPK.. 90.5 | 543 | 1.34 | 56.26 | 80.37 MLPK : 95.6 | 66.9 | 3.73 78.30 | 111.86 |MLPK | 90.9 | 53.6 | 3.90 74.12 | 105.89
¢ |LPK ' 86.5 | 53.2 | 1.23 | 53.781 76.83 MxLPx | 90.1 16291 286 69.17 | 98.81 |MxLPx; 81.3 | 54.3 3.79 , 7019 | 100.27

"

residues (corn stalks, straw of wheat and oats, and all legumes except see(l)

Le—legume cover crop; Lie— hme P_phosphorus K—potassmnﬁ M:==manure; x——extra heavy applications of manure and phosphorus; R=crop
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TABLE 4—YIELDS PER ACRE, FOUR-YEAR AVERAGES, 1911-1914: UrBANA FIELD
BrowN S1LT LOAM PRAIRIE; EARLY WISCONSIN GLACIATION

i ‘ Value of 5 crops
S;{;? 1 gg;lt. Wheat, | Corn, | Oats, Soybeans—S,‘ Clover-1, |Alfalfa, “Tower Highe—lz‘
No. ment bu. bu. bu. tons (bu.) } tons (bu.) tons prices | prices
Ty 0000 183 50.8 39.8 160 1.70 1.70 | $65.00 | $92.87
2 [R....... 19.7 | 53.8 | 406 (201) | (.74 1.27 64.72 | 9247

3 IM....... 20.3 | 593 | 48.8 160 1.43 1.13 67.44 | 96.35

4 RL.....| 223 | 557 | 428 (19.0) | (1.03) 1.19 67.20 1 96.00

5 |ML..... 24.9 58.6 51.6 166 1.94 1.67 76.19 | 108.54

6 |RLP....| 374 . 622 | 587 (21.0) (2.48) 2.69 98.58 | 140.83
7 |MLP....| 866 = 638 60.9 1.88 2.90 2.63 98.36 | 140.51
8 |RLPK 361 | 589 | 501 (22.2) (1.41) 2.58 94.61| 135.16

9 MLPK..| 353 | 596 | 65.1 2.00 2.72 2.66 98.15 | 140.22
10 {MxLPx..| 435 | 557 | 67.2 2.14 294 | 284 | 105.02! 150.03

To these cash investments must be added the expense of hauling and spread-
ing the materials. This will vary with the distance from the farm to the rail-
road station, with the character of roads, and with the farm forece and the imme-
diate requirements of other lines of farm work. It is the part of wisdom to order
sueh materials in advance to be shipped when specified, so that they may be re-
ceived and applied when other farm work is not too pressing and, if possible,
when the roads are likely to be in good condition.

The practice of seeding legume cover erops in the cornfield at the last culti-
vation where oats are to follow the next year has not been found profitable, as a
rule, on good corn-belt soil ; but the returning of the crop residues to the land
may maintain the nitrogen and organic matter equally as well as the hauling and
spreading of farm manure,—and this makes possible permanent systems of farm-
ing on grain farms as well as on live-stock farms, provided, of course, that other
essentials are supplied. (Clover with oats or wheat, as a eover erop to be plowed
under for corn, often gives good results.)

At the lower prices for produce, manure (6 tons per acre) was worth $1.05
a ton as an average for the first three years it was applied (1905 to 1907). The
next roiation the average application of 10.21 tons per aere on Plot 3 was worth
$10.09, or 99 cents a ton. The last four years, 1911 to 1914, the average amount
applied (once for the rotation) on Plot 3 was 11.35 tons per acre, worth $6.42,
or 57 cents a ton, as measured by its effect on the wheat, corn, oats, soybeans,
and clover. Thus, as an average of the ten years’ results, the farm manure ap-
plied to Plot 3 has been worth 84 cents a ton on common corn-belt prairie soil,
with a good crop rotation including legumes. During the last rotation period
moisture has been the limiting factor to such an extent as probably to lessen the
effect of the manure.

Aside from the crop residues and manure, each addition affords a duplicate
test as to its effect. Thus the effect of limestone is ascertained by comparing Plots
4 and 5. not with Plot 1, but with Plots 2 and 3; and the effect of phosphorus is
ascertained by comparing Plots 6 and 7 with Plots 4 and 5, respectively.

As a general average, the plots recelving limestone have produced $1.22 an
acre a ycar more than those without limestone, and this corresponds to more than
$6 a ton for all of the limestone applied; but the amounts used before 1911
were so small and the results vary so greatly with the different plots, crops, and
seasons that final conclusions cannot be drawn until further data are secured,
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the first 2-ton applications having been completed only for 1914. However, all
comparisons by rotation periods show some increase for limestone, varying from
82 cents on three acres (Plot 4) during the first rotation, to $8.75 on five acres
(Plot 5) as an average of the last four years; and the need of limestone for best
results and highest profits seems well established.

As an average of duplicate trials (Plots 6 and 7), phosphorus in bone meal
produced increases valued at $1.92 per acre per annum for the first three years
and at $4.67 for the next three; and the corresponding subsequent average in-
creases from bone meal and raw phosphate (one-half plot of each) were $5.12 for
the third rotation and $5.36 for the last four years, 1911 to 1914. The annual
expense per acre for phosphorus is $2.80 in bone meal at $28 a ton, or $2.10 for
rock phosphate at $7 a ton.

Potassium, applied at an estimated cost of $2.50 an acre a year, seemed to
produce slight increases, as an average, during the first and second rotations;
but subsequently those increases have been slightly more than lost in reduced
average yields, the net result to date being an average loss of $2.53 per acre
per annum, including the cost of the potassium.

Thus phosphorus nearly paid its cost during the first rotation, and has sub-
sequently paid its annual cost and about 100 percent net profit; while potassium,
as a general average, has produced no effect, and money spent for its applica-

PLATE 3.—CLOVER ON URrBANA FIELD, SoUTH FARM
CroP RESIDUES PLOWED UNDER
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tion has been lost. These field results are in harmony with what might well be
expected on land naturally containing in the plowed soil of an acre only about
1,200 pounds of phosphorus and more than 36,000 pounds of potassium.

The total value of five average crops harvested from the untreated land dur-
ing the last four years is $656. Where limestone and phosphorus have been used
together with organic manures (either crop residues or farm manure), the cor-
responding value exceeds $98. Thus 200 acres of the properly treated land
would produce as much in crops and in value as 300 acres of the untreated land.

The excessive applications on Plot 10 have usually produced rank growth
of straw and stalk, with the result that oats have often lodged badly and corn
has frequently suffered from drouth and eared poorly. Wheat, however, has
as an average yielded best on this plot. The largest yield of corn on Plot 10 was
118 bushels per aere in 1907,

As an average of the results secured during the twelve years 1903 to 1914,
on the University South Farm where fine-ground raw rock phosphate is applied
at the rate of 500 pounds per acre per annum on the typical brown silt loam
prairie soil, the return for each ton of phosphate® used has been $13.57 on Series

PLATE 4.—CLOVER ON URBANA FIELD, SOUTH FARM
FINE-GROUND ROCK PHOSPHATE PLOWED UNDER WITH CROP

During the first four years, Series 100 received ounly 1,500 pounds per acre of phos-
phate, and both series received also %4 ton per acre of limestone, the effect of which probably
would be slight, as may be judged from the data secured later and reported herein.
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100 and $12.07 on Series 200, with the ‘‘lower prices’” allowed for produce, the
rotation being wheat, corn, oats, and clover (or soybeans). This gives an average
return of $12.82 for each ton of phosphate applied. Averages for each rotation
period show the following value of inerease per ton of phosphate used:

Lower Higher
prices prices
First rotation, 1903 to 1806....... ... ... ... ... ... ...... $ 8.26 $11.80
Second rotation, 1907 to 1910. ... .. ... ... ... .. .. 11.33 16.19
Third rotation, 1911 to 1914 ... ... ... . . it 18.88 26.97

Thus the rock phosphate paid back more than its cost during the first rota-
tion, more than 114 times its cost during the seeond rotation, and more than 214
times its cost during the third rotation period.

One ton of fine-ground rock phosphate costs about the same as 500 pounds of
steamed bone meal. Altho in less readily available form, the rock phosphate con-
tains as much phosphorus, ton for ton, as the bone meal; and, when equal money
values are applied in connection with liberal amounts of decaying organic matter,
the natural rock may soon give as good results as the bone,—and, by supplying
about four times as much phosphorus, the rock provides for greater durability.

The results just given represent averages covering the residuc system and
the live-stock system, both of which are represented in this crop rotation on the
South Farm.

Ground limestone at the rate of 8 tons per acre was applied to the east half
of these series of plots (excepting the check plots, which receive only residues or
manure), beginning in 1910 on Series 200 and in 1911 on Series 100. Subsequent
applications are made of 2 tons per acre each four years, beginning in 1914 on
Series 200 and in 1915 on Series 100. As an average of results from both series,
the crop values were inereased during the third rotation, 1911-1914, as follows:

RESIDUE SYSTEM LIVE-STOCK SYSTEM

Lower Higher Lower Higher
prices prices prices  prices
Gain for phosphate ................. ... ... $18.80 $26.86 $18.96  $27.09
Gain for limestone ........................ 2.31 3.30 2.55 3.64

Detailed records of these investigations are given in Tables 5 and 6, the data
being reported by half-plots after 1910-1911. (Series 300 and 400, which are
also used in this rotation, are located in part upon black clay loam and a heavy
phase of brown silt lecam. See discussion under ‘‘Black Clay Loam,’” page 26.)

REsvLTts oF EXPRERIMENTS ON SIBLEY KIELD

Table 7 gives the results obtained during twelve years from the Sibley soil
experiment field located in Ford county on the typical brown silt loam prairie
of the Tllinois corn belt.

Previous to 1902 this land had been cropped with corn and oats for many
years under a system of tenant farming, and the soil had become somewhat defi-
cient in active organic matter. While phosphorus was the limiting element of
plant food, the supply of nitrogen becoming available annually was but little in
excess of the phosphorus, as is well shown by the corn yields for 1903, when the
addition of phosphorus produced an increase of 8 bushels, nitrogen produced
no inerease, but nitrogen and phosphorus inereased the yield by 15 bushels.

After six years of additional cropping, however, nitrogen appeared to be-



TABLE 5.—YIELDS AND VALUES IN SoIL EXPERIMENTS, UNIVERSITY SOUTH FARM
CoMmMON BrowN SILT LoAM PRAIRIE;

EARLY WISCONSIN GLACIATION

Series 100 Corn|Corn|Oats|Wheat|Clover Corn} Oats|Clover| Wheat*|Corn|Oats bse(;{;s Value 1st four | Value 2d four | Value 3d four
1903{1904/1905| 1906 | 1907 1908:{1909 1910 1911 |191211913 1914 years years years
Soil . . .
| 1 Lower| Higher |Lower| Higher | Lower| Higher
Plot tl;ﬁ;?s(?t Bushels or tous per acre prices| prices |prices| prices | prices| prices
163 RP ... 45.1| 54.1 57.5‘ 30.8 |( .83)| 72.01 45.4|( .60)| 46.85 | T4.9] 26.8[(16.6)|$7TR.68] $112.40|$47.92| $68.46 |$78.13| $111.62
166 RP cein i i 43.8] 49.3160.9, 36.5 |(1.00) 74.9! 40.8|(1.80); 53.40 | 79.5| 24.6{(17.5)| 75.19{ 107.41| 53.74| 7677 | 8434 120.49
169 R ..ot e 42.7| 39.5 49.3‘ 28.4 [( .90)| 5.0, 30.9[(1.70)| 36.71 | 67.9| 19.1/(15.8)| 62.45| 89.22; 52.12| 74.40 | 65.52] 93.60
1T0M e 41.8] 38.7| 52.2. 26.2 | 2.56 | 69.6 40.1| 2.87 35.85 | 76.71 22,51 1.09 | 61.13| 87.33| 73.60] 105.14 | 65.87| 94.10
173 IMP oo 35.4| 53.3| 54.6| 32.8 | 3.65 | 78.4 39.8 4.23 52.65 | 83.7) 29.6| 1.45 | 69.29| 98.99| 93.74| 133.92 | 84.59) 120.84
176 IMP oo 39.3| 58.1] 61.9] 38.8 | 3.74 | 79.5; 40.0; 4.23 51.03 | 85.6] 32.1| 1.52 | 78.58] 112.26| 94.81] 135.45 | 85.30| 121.87
B I = 49.9 | 87.01 28.21(18.1) ] et ivnr i 85,041 122.78
T3 7 = 53.6 1 81.4] 26.81(18.0)|eeerunriiniiinnnnnniinnnn.. 86.11| 123.02
18 R i i e i e i 33.8 1627 17.0|(15.2)[eerevnn i ivnnnnennn. 61.00| 87.15
0 S P 324 | 74.4122.0) .09 |ooeiiunn i 62.51| 89.30
AT ML e e e e e e 51.3 | 83.7] 28.0) 1.37 |eeeenuniiiiiiieennnininnn.. 83.33) 119.05
176 IMLEP ot i i e e e 51,0 185.6080.9] 147 |oeeerniiiiiiiennnnnnnnn .. 84.60] 120.86

For legumes, figures in parentheses indicate bushels of seed; the others, tons of hay.
*From 1911 the acre-yields are based on half-plots, limestone having been applied to one half of plots indicated.
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TABLE 6.—YIELDS AND VALUES IN SOIL EXPERIMENTS, UNIVERSITY SouTH FARM
CoMMON BROWN SiLr LoAM PRAIRIE; EARLY WISCONSIN GLACIATION

Oats|Wheat

Clover

Corn| Oats| Wheat

Soy-

Value 2d four

Value 3d four

. Oats Wheat*|Corn| Oats Wheat | Value 1st four

SR 1903|1904 1905 | 1906 |1907(1908| 1909 | 1910 1911|1912 bfgilg 1914 years years years

Soil . . .
1 Lower|, Higher|Lower| Higher|Lower| Higher
Plot tl:;;;?:gt Bushels or tons per acre prices pr%ces prices| prices | prices| prices
263 RP ..., 24.7)25.7) 32.1 | .82 | 65.3]31.3] 425 43.7 |1 52.3| 72.9/(13.7) | 30.61 ($42.32| $60.46 |$91.96| $131.37,$69.73| $99.62
266 [RP ......covvininnnnn 23.1 24.5| 29.3 | .80 |59.7/26.7] 40.7 32.3 | 50.2) 75.7/(12.3)] 33.86 | 39.43| 56.34 | 79.47| 113.53| 71.08| 101.54
260 R ..o 26.8| 22.5| 26.8 86 | 57.9|3L5| 39.4 25.3 | 35.5| 61.9/(10.7)| 16.11 | 38.58| 55.12 | 74.38| 106.25| 48.52| 69.32
270 M oo 22.0| 21.5| 24.0 | .82 55.3}30.0 37.1 28.7 | 43.1] 67.8 841 17.40 | 34.72| 49.60 73.81I 105.45| 52.12| 74.47
273 MP ...l e 23.91 25.0, 27.8 | .7 62.5129.5) 434 43.7 | 38.6| 69.4| 1.17|37.16 | 38.54| 55.06; 91.10; 130.15| 67.14  95.92
276 MP ... ...l 16.1] 25.3| 30.7 | .68 | 58.0/27.9] 44.1 38.2 | 48.01 68.6| 1.34!41.98| 37.84, 54.06| 85.73] 122.46| 74.77| 106.82
L 9 - Ceeiae i e 49.0 | 50.3] 78.91(13.2)140.36 | ... 77.19| 110.27
266 |[RLP ......... ... ol P 45.2 | 471 78.7((10.3)36.01 ..ot 70.93| 101.34
2] 1 G 35.3 {4531 68.4/(10.5)| 2071 | ... 56.85| 81.22
270 M ....... I 333 | 4521 73.2] 1122006 | . ... 58.20) 83.14
273 |[MLP ....c..ciuiiiind.. P 46.2 | 53.7) 69.0{ 1274623 | . ... ... ... ...l 79.37| 113.38
279 IMLP .o e 39.5 | 50.6] 69.5] 1.24[4898 ... ... ... i 80.13| 114.48

For legumes, figures in parentheses indicate bushels of seed; the others tons &,ﬁ;y.,

*From 1910 the acre-yields are based cn half-plots, limestone having been applied to one half of plots indicated.
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come the most limiting element, the inerease in the corn in 1907 being 9 bushels
from nitrogen and only 5 bushels from phosphorus, while both together pro-
duced an increase of 33 bushels. By comparing the corn yields for the four
years 1902, 1903, 1906, and 1907, it will be seen that the untreated land appar-
ently grew less productive, whereas, on land receiving both phosphorus and
nitrogen, the yield appreciably increased, so that in 1907, when the untreated
rotated land produced only 34 bushels of corn per acre, a yield of 72 bushels
(more than twice as much) was produced where lime, nitrogen, and phosphorus
had been applied, altho the two plots produced exactly the same yield (57.3
bushels) in 1902.

TABLE 7.—CroOP YIELDS IN Soin. EXPERIMENTS, SIBLEY FIELD

iBrOW'n silt loam prairie;ﬁr L \ — !
g . Corn Corn! Oats Wheat Corn Corn
O atian ™ |1902:1903] 1904 1905 |1906| 1907

Oats|Wheat'Corn|Corn | Oats|Wheat
1908| 1909|1910 1911‘\ 1912] 1913

glaciation

Soil treatment
Plot applied Bushels per acre
101 |Noze ...... vee....| 5737504 744] 205 1 36,7, 83.0 25.9| 253 | 26.6 20.7; 84.4| 5.5
102 [Lime ............. 60.0| 54.0. 74.7 31.7 39.2' 38.9) 24.7| 28.8 | 84.0 22.2} 85.6/ 6.8
103 |Lime, nitro. ....... '60.0| 54.3 77.5| 32.8 1 41.7 48.1/'36.3| 19.0 | 20.0, 22.4 253| 183
104 [Lime, phos. ..... . | 61.3] 62.3 92,5/ 36.3 44.8) 43.5! 25.6) 32.2 | 52.0; 31.6 92.3| 10.7
105 |Lime, potas. ...... 56.0| 49.9 74.4| 30.2  37.5 34.9 22.2| 23.2 | 34.2/ 21.6 83.1| 7.5

106 |Lime, nitro., phos...| 57.3] 69.1 88.4| 45.2 68.5 723! 45.6) 33.3 | 55.6] 35.3 42.2| 24.7
107 |Lime, nitro., potas..| 53.3' 51.4! 75.9; 37.7 . 39.7, 51.11 42.2{ 25.8 | 46.2] 20.1 55.6| 19.2
108 |Lime, phos., potas...| 58.7. 60.9, 80.0| 39.8 ~41.5 39.8 27.2! 28.5 | 45.0{ 31.8 79.7| 11.8
109 Lime, nitro., phos., i

potas. .......... 58.7; 65.9 82.5| 48.0 69.5 80.1| 52.8| 35.0 | 58.0| 35.7 57.2| 24.5
110 {Nitro., phos., potas..| 60.0, 60.1; 85.0] 48.5 : 63.3: 72.3 44.1' 30.8 | 64.4] 31.5 54.1| 18.0

Increase: Bushels per Acre

For nitrogen ........... 0 3 28 1.1 25 92116 -98 -50; .2-603 115
For phosphorus ........ 1.3 83 178 46 56 46 .9 3.4 180 94 67 3.9
For potassium ......... |40 41 -3 -15 -1.7| -4.0. 25 -56; .2/ -6 -25 N§
For nitro., phos. overi ‘ | i

phos. ...l [ —4.0 6.8 -41 89 23.7 288 20.0 1.1¢ 3.6| 3.7-50.1 14.0
For vphos., nitro. over! ‘ :

nitro ...l ‘ ~2.7 148 109 124 248 242 93 143 20.6/ 129 169 6.4
For potas., nitro., phos.| | |

over nitro., phos. ..... i 14 -32 -59 28 10 78 72 1.7, 24! 4 150 -2

Value of Crops per Acre in Twelve Years

Total value of
) . . twelve crops
Piot Soil treatment applied “Lower | Higher

prices | prices
101 |Nome. oo vvvnnieennnnn ... e $172.89| $246.98
102 JLAME Lo 186.51| 266.45
103 |Tiime, nitTogen. ... u.. ..ttt e e i i T 177.44| 253.49
104 |Time, phosphorus......oviiiiiiii i i e 217.78| 311.11
105 |Dime, POTASSIUIN. v v vt ir ettt et et e e e e } 167.32| 239.03
106 |Lime, nitrogen, phosphorus...........cooviiiiiiin.oon.. LT \7246.71 352,73
107 |Lime, nitrogen, PotassiliM. ... ..u..ueeeennuinennnnoaneenneaeeanennn | 198.16| 283.08
108 |Lime, phosphorus, potassium.............oooiiiiii ceeee.... 0 20490 292,71
109 |Lime, nitrogen, phosphorus, potassium. . ) .| 257.91| 368.45
110 |Nitrogen, phosphorus, potassium........... ... ... i B 'ﬁz‘ﬂ 346.38

Value of Increase per Acre in Twelve Years

For DIbrogem. « .o e e e i $ 9.07) $12.96
For phosphorus. .o u .t i i et s 31.27| 44.66
For nitrogen and phosphorus over phosphorus........coovveni i in... | 2913 41.62
For phosphorus and nitrogen over nitrogen..................ooiiiiiiian.. I 69.47] 99.24
For potassium, nitrogen, and phosphorus over nitrogen and phosphorus...... I 11.00 15.72
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Even in the unfavorable season of 1910 the yield of the highest producing
plot exceeded the yield of the same plot in 1902, while the untreated land pro-
duced less than half as much as it produced in 1902. The prolonged drouth of
1911 resulted in almost a failure of the corn crop, but nevertheless the effect of
soil treatment was seen. TPhosphorus appeared to be the first limiting element
again in 1909, 1910, and 1911 ; while the lodging of oats, especially on the nitro-
gen plots, in the exceptionally favorable season of 1912, produced very irregular
results. In 1913, wheat averaged 6.6 bushels without nitrogen or phosphorus
(Plots 101, 102, 105) and 22.4 bushels where both nitrogen and phosphorus were
added (Plots 106, 109, 110).

In the lower part of Table 7 are shown the total values per acre of the twelve
crops from each of the ten different plots, the amounts varying from $167.32 to
$257.91, with corn valued at 35 cents a bushel, oats at 28 cents, and wheat at
70 cents. Phosphorus without nitrogen has produced $31.27 in addition to the
inerease by lime, but with nitrogen it has produced $69.47 above the erop values
where only lime and nitrogen have been used. The results show that in 26 cases
cut of 48 the addition of potassium has deereased the crop yiclds. Even when
applied in addition to phosphorus, and with no effort to liberate potassium from
the soil by adding organic matter, potassium has produced no increase in crop
values as an average of the results from Plots 108 and 109.

By ecomparing Plots 101 and 102, and also 109 and 110, it is seen that lime
has produced an average increase of $14.53, or $1.21 an acre a year. This in-
crease on these plots is praetically the same as at Urbana, and it suggests that the
time is here when limestone must be applied to some of these brown silt loam soils.

‘While nitrogen, on the whole, has produced an appreciable increase, espe-
cially on those plots to which phosphorus has also been added, it has cost, in ecom-
niercial form, so much above the value of the increase produced that the only
conclusion to be drawn, if we are to utilize this fact to advantage, is that the
nitrogen must be secured from the air.

REsvLTs oF EXPERIMENTS ON BLooMINGTON FIELD

Space is taken to insert Tables 8 and 9, giving all results thus far obtained
from the Bloomington soil experiment fleld, which is also located on the brown
silt loam prairie soil of the Illinois corn belt. This ficld is a part of the S. Noble
King farm.

The general results of the thirteen years’ work tell much the same story as
those from the Sibley fleld. The rotations have differed since 1905 by the use
of clover and the discontinuing of the use of commercial nitrogen,—in conse-
quence of which phosphorus without ecommereial nitrogen, on the Bloomington
field, has produced an even larger increase ($99.85) than has been produced by
phosphorus and nitrogen over nitrogen cn the Sibley field ($69.47).

It should be stated that a draw runs near Plot 110 on the Bloomington field,
that the crops on that plot are sometimes damaged by overflow or imperfect
drainage, and that Plot 101, occupies the lowest ground on the opposite side of
the field. In part because of these irregularitics and in part because only one
small application has been made, no conclusions can be drawn in regard to lime.
Otherwise all results reported in Table 8 are considered reliable. They not only
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furnish muech information in themselves, but they also offer instructive com-
parison with the Sibley field.

‘Wherever nitrogen has been provided, either by direct application or by the
use of legume crops, the addition of the element phosphorus has produced very
marked increases, the average yearly increase for the Bloomington field being
worth $7.02 an acre. This is $4.52 above the cost of the phosphorus in 200 pounds
of steamed bone meal, the form in which it is applied on the Sibley and the
Bloomington fields. On the other hand, the use of phosphorus without nitrogen
will not maintain the fertility of the soil (see Plots 104 and 106, Sibley field).
As the only practical and profitable method of supplying nitrogen, a liberal use
of clover or other legumes is suggested, the legume to be plowed under either
directly or as manure, preferably in connection with the phosphorus applied,
especially if raw rock phosphate is used.

From the soil of the best treated plots on the Bloomington field, 180 pounds
per acre of phosphorus, as an average, has been removed in the thirteen cropa.
This is equal to 15 percent of the total phosphorus contained in the surface soil
of an acre of the untreated land. In other words, if such crops could be grown
for eight yeavs, they would require as much phosphorus as the total supply in
the ordinary plowed soil. The results plainly show, however, that without the
addition of phosphorus such crops cannot be grown year after year. Where
no phosphorus has been applied, the crops have removed only 120 pounds of
phosphorus in the thirteen years, which is equivalent to only 10 percent of the
total amount (1,200 pounds) present in the surface soil at the beginning of the
experiment in 1902. The total phosphorus applied from 1902 to 1914, as an
average of all plots where it has been used, has amounted to 325 pounds per acre
and has cost $32.50.1 This has paid back $97.20, or 300 percent on the invest-

N ” i S 3

Prate 5—CoRN IN 1912 ON BLOOMINGTON FIELD
ON LEFT, RESIDUES, LIME, AND POTASSIUM: YIELD, 58.9 BUSHELS
ON RigHT, RESIDUES, LIME, AND PHOSPHORUS: YIELD, 86.1 BUSHELS

*This is based on $25 a ton for steamed bone meal, but in recent years the price has been
advaneed generally to nearly $30.



TaBLE 8.—CrOP Y1ELDS IN S0IL EXPERIMENTS, BLOOMINGTON FIELD

Brown silt loam prairie; Corn | Cora | Oats | Wheat | Clover | Corn | Corn | Oats | Clover* | Wheat | Corn | Corn 1‘ Oats
early Wisconsin glaciation 1902 | 1903 | 1904 | 1905 1906 | 1907 | 1908 | 1909 | 1910 1911 | 1912 | 1913 | 1914

Plot boﬂa;;ei?etgxent Bushels or tons per acre
101 [Nobe. ...\ viireiineiinnannns SR 30.8 1 63.9 1 54.8 | 30.8 39 | 60.8 | 40.3 | 46.4 | 156 | 22.5 | 55.2 | 32.4 | 29.8
102 [LAMe. oot v iiin it i ...4 37.0 | 603 & 60.8 | 28.8 58 | 63.1 | 353 | 53.6 1.09 22.5 | 47.9 | 30.0 | 40.6
103 |Lime, crop residues’............. ... . 0 351 | 595 60.8 | 305 | .46 | 643 | 369 494 | ( .83)| 256 | 625 | 375 | 30.8
104 |Lime, phosphorus..........ovvviiiiiiiiiiia., 41.7 | 73.0 | 72.7 | 39.2 1.65 | 82.1 | 475 | 63.8 | 4.21 57.6 | 745 | 44.1 | 45.0
105 |Lime, potassium. .. ...ovveiirnnniuiinneeeans 37.7 | 56.4 | 62.5 33.2 b1 | 641 | 36.2 | 45.3 1.26 217 | 57.8 | 321 35.8
106 |Lime, residues,” phosphorus. ........co.ovee..... 439|776 7853 | 50.9 | (®) | 78.9 | 458 | 725 | (1.67) | 60.2 | 86.1 | 50.4 | 62.3
107 |Lime, residues,! potassium................oo... 404 | 589 | 66.4 | 29.5 .81 | 64.3 | 31.0 | 51.1 | ( .33) | 273 | 58.9 | 345 | 345
108 |Lime, phosphorus, potassium........ [RRRRRRRERE 50.1 | 74.8 | 70.3 37.8 2.36 | 814 | 57.2 | 59.5 3.27 54.0 | 79.2 | 494 | 63.1
109 |Lime, residues,! phosphorus, potassium......... 52.7 | 80.9 | 90.5 51.9 (®)) | 884 | 581 | 64.2 | ( .42) | 60.4 | 834 | 49.0 | 544
_ 110 |Residues, phosphorus, potassium............. .. 523 1 731 | 714 | 511 *) 78.0 | 51.4 | 55.3 | ( .60) | 61.0 | 783 | 33.8 | 44.8

Increase: Bushels or Tons per Acre

For residues...... .. 0 0 L ~19 | -8 9.0 17 | =13 | 12| 16| —42 31 | 146 | 7.5 ]-9.8
For phosphorus. ... ... ... it 4.7 | 12.7 | 11.9 10.4 1.07 | 19.0 | 12.2 | 10.2 3.12 35.1 | 266 | 14.1 4.4
For potassium. ........iieniiintininnennnennennns 7] -3.9 1.7 4.4 -.07 1.0 9 1 83 .15 -8 9.9 2.1 | 4.8
For residues, phosphorus over phosphorus............. 2.2 4.6 | 12.6 11.7 | -1.65 | -3.2 | -L.7 8.7 2.6 | 11.6 6.3 | 17.3
For phosphorus, residues over residues................ 8.8 | 181 ] 13.5 20.4 —-46 | 14.6 89 | 23.1 | ( .84)!| 34.6 | 23.6 | 12,9 | 315
For potassium, residues, phosphorus, over res., phos....| 8.8 3.3 5.2 1.0 .00 9.5 | 12.3 | -8.3 [(-1.25) 2 | -27 | -14 1-79

*Commercial nitrogen was used 1902-1905.

“The figures in parentheses mean bushels of seed; the others, tons of hay.

*Clover smothered by previous wheat crop.

0T ‘ON 190dEY TIOS

‘Aopr]
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TABLE 9.—VALUE OF CROPS PER ACRE IN THIRTEEN YEARS, BLoOMINGTON FIELD

Total value of
. . thirteen crops
Plot Soil treatment applied “Tower | Higher
_ _ prices | prices
101 INOD@. .0vu ittt e $186.83 | $266.90
102 |Lime............... [REEREES [RRTRREEEY: R R RN R R R R R R RETS 186.76 266.80
103 1Lime, TeSidUeS. .ottt i e et e 193.83 276.90
104 iLime, phosphoTus. ..o u i i e 286.61 409.45
105 !Lime, potassium. ...t s 190.53 272.19
106 |Lime, residues, phosphorus...... ... ... i i [ 285.03 407.19
107 |Lime, residues, potassium.......... ... iiiiiiiiiiiiiiiiiaaa, ; 191.10 273.00
108 'Lime, phosphorus, potassium...........coiiiiiiiiiaLL | 20491 | 421.31
169 | Lime, residues, phosphorus, potassium.................. . ' 28447 |7 40639
110 jResidues, phosphorus, potassiom.......... ... .ot Leeee. ) 25010 370.15
Value of Increase per Acre in Thirteen Years
FOr TESIATES . o v vt vttt et ettt te et e et e e e e $ 7.07 | $ 10.10
For phospPhOTUS. .. v ittt et e ae I 99.85 142.65
For residues and phosphorus over phosphorus........ovevuviiiriinnann -1.58 -2.26
For phosphorus and residues over residues............. ... oo, 91.20 130.29
For potassium, residues, and phosphorus over residues and phosphorus.... -56 | -.80

ment ; whereas potassium, used in the same number of tests and at the same cost,
has paid back only $2.20 per acre in the thirteen years, or less than 7 percent
of its cost. Are not these results to be expected from the composition ¥ such
soil and the requirements of erops? (Sce Table 2; also Table A in the Appendix.)

Nitrogen was applied to this field, in commercial form only, from 1902 to
1905; but clover was grown in 1906 and 1910, and a cover crop of cowpeas after
the clover in 1906. The cowpeas were plowed under on all plots, and the 1910
clover (except the seed) was plowed under on five plots (103, 106, 107, 109, and
110). Straw and corn stalks have also been returned to these plots in recent
years. The effect of returning these residues to the soil has been appreciable since
1910 (an average increase on Plots 106 and 109 of 4.5 bushels of wheat, 5.4 bushels
of corn, and 4.3 bushels of oats) and probably will be more marked on subse-
quent crops. Indeed, the large crops of corn, oats, and wheat grown on Plots
104 and 108 during the thirteen years have drawn their nitrogen very largely
from the natural supply in the organic matter of the soil. The roots and stubble
of clover contain no more nitrogen than the entire plant takes from the soil
alone, but they deeay rapidly in contact with the soil and probably hasten the
decomposition of the suil humus and the consequent liberation of the soil nitro-
gen. But of course there is a limit to the rescrve stock of humus and nitrogen
remaining in the soil, and the future years will undoubtedly witness a gradually
increasing difference between Plots 104 and 106, and between Plots 108 and 109,
in the yields of grain erops.

Plate 6 shows graphically the relative values of the thirteen erops for the
eight comparable plots, Nos. 102 to 109. The cost of the phosphorus is indicated
by that part of the diagram above the short crossbars. It should be kept in
mind that no value is assigned to clover plowed under except as it reappears in
the inerease of subsequent crops. Plots 106 and 109 are heavily handicapped
because of the clover failure on those plots in 1906 and the poor yield of clover
seed in 1910, whereas Plots 104 and 108 produced a fair crop in 1906 and a very
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large crop in 1910. Plot 106, which receives the most practical treatment for
permanent agriculture (RLP), has produced a total value in thirteen years only
$1.58 below that {from Plot 104 (LP). (Sece also table on last page of cover.)

THE SUBSURFACE AND SUBSOIL

In Tables 10 and 11 are recorded the amounts of plant food in the subsur-
face and the subsoil of the different types of soil in McLean county, but it should
he remembered that these supplics are of little value unless the top soil is kept
rich. Probably the most important information contained in these tables is
that the most ecommon prairie soil and the upland timber soils arc from slightly to
strongly acid in the subsurface and sometimes contain no limestone in the subsoil.
This fact emphasizes the importance of having plenty of limestone in the surface
$0il to neutralize the acid moisture which rises from the lower strata by capillary
action during times of partial drouth, which are critical periods in the life of
such plants as clover. While the common brown silt loam prairie is usually
slightly acid, the upland timber soils are, as a rule, more distinetly in need of

il

102 103 104 105 106 107 108 109
0 R g I RY RK PKX RPK
$186.76 $193.83 $286.61 $190.53 $285.03 $191.10 $294.91 $284.47

PLATE 6.—CroP VALUES FOR THIRTEEN YEARS, BLOOMINGTON EXPERIMENT FIELD
(R—=residues; P—phosphorus; K—potassium, or kalium}



1915 ] McLEaN CoUNTY 23

limestone, and as already explained, they are also more deficient in organic mat-
ter and nitrogen than the prairie soils, and thus more in need of growing clover.

TABLE 10.—FERTILITY IN THE S0ILS 0F McLEAN COUNTY, ILLINOIS
Average pounds per acre in 4 million pounds of subsurface soil (about 6% to 20 inches)

Soil Total | Total,Total | Total | Tofal | Total | Lims- | Soil
type Soil type organie | nitro- | phos- | potas-|magne- | cal- stone | acid-
No. carbon | gen |phorus| sium | sium cium |present | ity
Upland Prairie Soils
1126 |Brown silt loam ....... 74 530 6 660)1 87073 230119 520| 17 850 o110
1120 Black clay loam ....... 91 180 8 130{3 150 |7O 760] 33 150 57 190] Often Rarely
1120.2 Gravelly black eclay loam! 65 200 6 2402 600 67 880 46 640 !106 200|252 200
1128 {Brown-gray silt loam on ; ) :
| tight elay ........... 27 720; 3 200{2 160 |78 960| 17 640 12 040 i 880
1190 (Gravelly loam ..... ...| B8 160: 5 600{2 000 |75 840] 20 400, 15 080 : 40
Upland Timber Soils
1134 |Yellow-gray silt loam ... | 24 490| 2 710|1 490 |74 230} 16 390 | 13 980 12 350
1135 |Yellow silt loam ... ...| 15 280] 2 020|1 540 |72 000: 24 620 | 14 620 13 660
Terrace Soils
1527 |Brown silt loam over §
gravel .............. 68 200| 6 320(2 160 {75 880/ 18 960 : 12 840 80
1526.2|Brown silt loam on gravel| 55 320| 5 1601 640 |83 78C; 22 600 | 14 340 100
1534.4|Yellow-gray silt loam on
gravel ........... ... 26 800! 3 000|1 560 |73 S00| 19 440} 17 240 80
Swamp and Bottom-Land Soils
1401 |Deep peat ..........an. 608 090|52 420|4 610 (14 160| 11 080 | 63 270] Rarely | Often
1426 [Deep brown silt loam...i144 760|11 520(3 320 |69 280|22 080 | 34 920| 1 360
1454 [Mixed loam ........... 112 560|11 080|3 080 {83 320|28 960 | 37 000| 3 160

TABLE 11.—FERTILITY IN THE S0iLs OF McLEAN CoUNTY, ILLINOIS

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

Soil Total | Total | Total | Total | Total | Total | Lime- | Soil
type Soil type organie| nitro- | phos- | potas- |magne-| cal- stone | aeid-
No. carbon | gen |phorus| sium sium | eium | present] ity
Upland Prairie Soils
1126 |Brown silt loam ....... | 32 310| 3 6204 350 |114 870|148 600 46 360| Rarely |Often
1120 |Black clay loam......... | 35 480| 3 450{3 410 |111 560|58 820! 80 450| Often Rarely
1120.2:Gravelly black clay loam| 47 760| 4 140|3 120 |104 220|54 540|119 520/279 300
1128 |Brown-gray silt loam on
tight elay .......... £ 21 900 3 120|3 540 {120 600|36 240! 19 500 840
1190 |Gravelly loam .........: 57 060 5 460 2 040 /110 040/32 100| 19 560 80
Upland Timber Soils
1134 Yellow-gray silt loam...‘ 21 380] 2 840[4 040 {114 270/42 060} 31 590‘ iOften
1135 |Yellow silt loam ....... | 20 250| 2 580|3 000 :110 820!58 650] 60 510/ 'Often
Terrace Soils
1527 {Brown silt loam over i :
gravel ......... ... 36 120] 3 840|2 520 |106 800,39 540| 22 320 420
1526.2|Brown silt loam on gravel| 42 690; 4 470{2 130|113 0‘1();37 3801 24 300 Often
1534.4 Yellow-gray silt loam oni i ;
{ogravel ... | 28 800| 3 180|2 700 |103 620,30 360| 27 180, 4920
Swamp and Bottom-Land Soils
1401 |Deep peat ...... ... ... 752 400155 050]4 650 38 010)20 490 71 916 30
1426 |Deep brown silt loam....| 86 850| 5 640)3 180 108 600{27 720, 47 220 120
1454 |Mixed loam ...........;101 280 9 90013 120|123 900]43 320| 49 200 &n
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INDIVIDUAL SOIL TYPES
(a) UprLaND PRAIRIE SoILs

The upland prairie soils of McLiean county oceupy 1,022.68 square miles, or
87.64 percent of the entire area of the county. They are black or brown in color,
owing to their large content of organic matter.

The accumulation of organic matter in the prairie soils is due to the growth
of prairie grasses whose network of roots was protected from complete decay by
imperfect aeration due to the covering of fine soil material and the moisture it
contained. On the native prairies, the tops of these grasses were usually burned
or became almost completely decayed. From a sample of virgin sod of ‘‘blue
stem,’’ one of the most common prairie grasses, it has been determined that an
acre of this soil to a depth of seven inches contained 13.5 tons of roots. Many of
these roots died each year and by partial decay formed the humus of these dark
Trairie soils.

Brown Silt Loam (1126, or 926 on moraines)

Brown silt loam is the most important as well as the most extensive soil type
in the county. It covers an area of 847.38 square miles (542,323 acres), or 72.6
percent of the entire county.

This type occupies the slightly undulating to rolling areas of the prairie
land, much of which is well surface-drained, while many areas need artificial
drainage. The morainal areas are sometimes sufficiently rolling to require con-
siderable care in preventing erosion. Altho brown silt loam is normally a prairie
soil, yet in some limited areas forests have recently invaded the dark soil. These
forests consist quite 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 faet that it still contains a large
amount of organic matter, characteristic of prairie soils. After the growth of
several generations of trees, the organic matter would 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), and on the other hand to
grayish brown or yellowish brown as it grades into the timber type, yellow-gray
silt loam (1134 or 934). The physical composition varies to some extent, but it
is normally a silt loam, containing from 65 to 80 percent of silt, together with
some sand, and from 10 to 15 percent of elay. The amount of clay increases as
the type approaches the black clay loam (1120), and becomes greatest in the
level, poorly drained areas. 'The amount of sand varies from 10 to 20 percent.

The organic-matter content varies from 3.5 to 6.6 percent, with an average
of 4.9 percent, or 49 tons per acre. The amount is less in the more rolling areas
than in the low and poorly drained parts, owing to the fact not only that less
vegetation grows on the drier, rolling areas, but that when incorporated with the
soil much of it is removed by erosion and undergoes greater decomposition be-
cause of better aeration and less moisture. Where the type passes into the yel-
low-gray silt loam (1134 or 934), the organic-matter content becomes less, while
in the low, swampy tracts where the grasses grew more luxuriantly and their
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roots were more abundant, the large moisture content furnished conditions more
favorable for the preservation of organic matter.

The natural subsurface is represented by a stratum varying from 6 to 16
inches in thickness, being thinner on the more rolling areas, while decidedly
thicker and darker on the more level areas. Its physical composition varies in
the same way as that of the surface soil, but it usually contains a slightly larger
amount of clay, especially as it approaches the black clay loam type (1120).
Both color and depth vary with the topography, the stratum being lighter in
color as well as shallower on the more rolling areas and where the type grades
into yellow-gray and yellow silt loam (1134 or 1135). The amount of organic
matter varies with depth, but the average for this stratum (which is twice the
thickness of the surface soil as it is sampled) is 3.2 percent, or 64 tons per acre.

The natural subsoil begins at 12 to 23 inches, and extends to an indefinite
depth, but is sampled to 40 inches. It varies with the topography both in eolor
and texture, and becomes slightly coarser with depth. It consists of a yellow or
drabbish mottled yellow, clayey silt or silty elay, plastic when wet. Where the
drainage has been good, it is of a bright to a pale yellow eolor. With poor drain-
age it approaches a drab or olive eolor with pale yellow mottlings or a yellow
color with mottlings of drab. Each of the above strata is pervious to water, so
that drainage takes place with little difficulty.

A phase of brown silt loam has been recognized in this county where, be-
cause of the removal of part of the fine loessial material by erosion, the glacial
drift is encountered less than 30 inches from the surface. If the drift is quite
compact, as is occasionally the case, this gives rise to a somewhat inferior subsoil,
owing to its less pervious character. This eondition, however, does not oceur very
generally nor over large areas, since most of the drift is pervious and some is
quite gravelly. This phase is found mostly in Township 23 North, Range 6 Kast.

In the northeastern part of the county a slightly sandy phase of the type is
found, but it is not sufficiently sandy to be classed as a loam. Small areas of
sandy and gravelly loam, too small to be shown on the map, are common in the
most rolling part of the morainal regions,

An abnormal phase of brown silt loam about 30 acres in extent is found in
the northeast forty of Section 11, Township 22 North, Range 5 East. In spots this
varies a great deal from the true type, being a sandy peat in some places, a marly
peat in others, and in still others containing large amounts of brown iron oxid.

‘While the common brown silt loam is in fair physical condition, yet continu-
ous cropping to eorn, or corn and oats, with the burning of the stalks, is de-
stroying the tilth; the soil is becoming more difficult to work; it runs together
more; and aeration, granulation, and absorption of moisture do not take place as
readily as formerly. This condition of poor tilth may become serious if the pres-
ent methods of management continue; it is already one of the factors that limit
the crop yields. The remedy is to increase the organic-matter content by plow-
ing under farm manure and crop residues, such as corn stalks, straw, and clover.

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 liberate
potassium from the inexhaustible supply in 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 organic matter should be pro-
vided to furnish the necessary amount of nitrogen. On the ordinary type, lime-
stone is already becoming deficient. An application of two tons of limestone and
one-half ton of fine-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 applieations of phos-
phate may well be made during the first two or three rotations. If grain farming
is praecticed, the rotation may be wheat, corn, oats, and clover, with an extra seed-
ing of clover as a cover crop in the wheat, to be plowed under late in the fall or
in the following spring for corn; and most of the erop residues, with all clover
except the seed, should also be plowed under. In either system, alfalfa may be
grown on a fifth field and moved every five years, the hay being fed or sold. 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 pasturing onec or two years.
Alsike and sweet clover may well replace red clover at times, in order to avoid
clover sickness. (For results of field experiments on the brown silt loam prairie,
see Tables 3 t0 9.)

Black Clay Loam (1120)

Black clay loam represents the flat prairie and is sometimes called ‘“gumbo”’
because of its sticky character. Its formation in flatter, poorly drained areas is
due to the accumulation of organic matter and to the washing in of clay and fine
silt from the slightly higher adjoining lands. This type occupies 168.69 square
miles (17,961 acres), or 14.47 percent of the entire area of the county. It isso flat
that proper drainage is one of the most difficult problems in its management.

The surface soil, 0 to 624 inches, is a black granular clay loam, varying lo-
cally to a black clayey silt loam on the large flat areas. It contains, on an aver-
age, 7.6 percent of organic matter, or 76 tons per aere, varying from 65 to 98
tons. In physical ecomposition it varies somewhat as it grades into other types.
As 1t passes toward the brown silt loam, which nearly always surrounds it, it be-
comes more silty. Where it merges into the gravelly black clay loam (1120.2), it
sometimes contains considerable quantities of sand and fine or medium gravel.

The subsurface stratum has a thickness of 10 to 16 inches and varies from a
black to a brownish gray clay loam, usually somewhat heavier than the surface
goil. The average amount of organic matter is 4 percent, or 80 tons per acre.
The lower part of this stratum frequently is a drab or yellowish drab silty eclay.
The stratum is quite pervious to water, owing to 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 acration. Concrctions of carbonate of lime are frequently found. The
perviousness of the subsoil is about the same as 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 cubical masses. Gravel is frequently present.

Black clay loam presents many variations. Here, as elsewhere, the boun-
dary lines between it and the brown silt loam are not always distinet. In some
cases topography is a great help in locating the boundary, but in other easecs there
may be an intermediate zone of greater or less width. The washing in of silty
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material from the surrounding higher lands, especially near the edges of the
areas, modifies the character of the soil, giving the surface a silty character. This
change is taking place more rapidly now, with the annual cultivation of the soil,
than formerly, when washing was largely prevented by prairie grasses.

Drainage is the first requirement in the management of this type; altho it
usually has but little slope, yet because of its perviousness it is easily tile-drained.
Keeping the soil in good physical condition is very essential, and thoro drainage
helps to do this to a great extent. As the organic matter is destroyed by cultiva-
tion and nitrification, and as the limestone is removed by cropping and leaching,
the physical condition of the soil becomes poorer, and as a consequence it becomes
more difficult to work. Both organic matter and limestone tend to develop granu-
lation. The former should be maintained by turning under manure or such
crop residues as corn stalks and straw, and by the use of clover and pasture in
rotations. Ground limestone should be applied when needed to keep the soil
sweet. It should be remembered that the difficulty of working clay soils is in pro-
portion to their deficiency in organic matter.

‘While black clay loam is ore of the best soils in the state, yet the elay and
humus which it contains give it the property of shrinkage and expansion to such
degree as to be somewhat objectionable at times, especially during drouth. When
the soil is wet, these constituents expand, and when the moisture evaporates or is
used by crops, they shrink. This results in the formation of cracks, sometimes as
much as two or more inches in width and extending with lessening width to two
or three feet in depth. During the drouth of 1914, the cracks were so large and
deep that in many cases a onc-inch auger could be forced into them, without turn-
ing, to a depth of more than two feect. These eracks 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 with a soil
muleh will do much toward that end. Both for aeration and for producing a
mulch for conserving moisture, cultivation is more essential on this type than
on the brown silt loam. It must be remembered, however, that cultivation should
be as shallow as possible, in order to prevent injury to the roots of the corn.

This type is fairly well supplied with plant food, which is usually liberated
with sufficient rapidity by a good rotation and by the addition of moderate
amounts of organic matter. The amount of organic matter added must be in-
creased, of course, with continued farming, until the nitrogen supplied is equal to
that removed. Altho the addition of phosphorus is not expected to produce marked
profit, it is likely to pay its eost in the second or third rotation; and even by main-
taining the produective power of the land, the capital invested is protected.

At Urbana, on the South Farm of the University of Illinois, a serics of
plots devoted chiefly to variety tests and other crop-production experiments ex-
tends across an area of black clay loam. Where rock phosphate has been applied
at the rate of 500 pounds an acre a year in connection with crop residues, in a
four-year rotation of wheat, corn, oats, and clover (or soybeans), the value of
the increcase produced per ton of phosphate used in three successive rotation
periods, has been $2.13, $4.70, and $6.48, respectively, at the ‘‘lower prices,”” or
$3.04, $6.71, and $9.26, respectively, at the ‘““higher prices’’ for produce. In the
live-stock system, the phosphorns naturally supplied in the manure, supple-
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mented by that liberated from this fertile soil, has thus far been nearly suffi-
cient to meet the erop requirements; the increase in crop values per ton of phos-
phate applied having been, as an average for the twelve years, only $2.26 at
the “‘lower prices,”” or $3.26 at the ‘‘higher prices.”” These returns are less than
half the cost of the phosphorus applied, and some seasons no benecfit appears.

This type is rich in magnesium and caleium, and in the Wisconsin glacia-
tion it usually eontains plenty of carbonates. With continued ecropping and
leaching, applications of limestone will ultimately be needed.

Gravelly Black Clay Loam (1120.2)

Gravelly black clay loam occurs in the poorly drained areas in the eastern
and northeastern part of the county in the large sloughs that, during parts of
the year, were once covered with streams whose currents were sufficiently strong
to carry and deposit considerable quantities of sand and small gravel. These
materials have become mixed with the fine material and form a distinet phase of
black clay loam.

The surface soil, 0 to 625 inches, varies from 15 to 40 percent in the amount
of gravel it contains, the gravel itself being mostly fine. The organic-matter
content is not quite so high as in the black clay loam, being about 6.4 percent, or
64 tons per acre.

The subsurface, extending from 624 to 18 or 20 inches, is a brown gravelly
clay loam, containing about 3.2 percent of organic matter and passing at the
lower limit into a less gravelly and much lighter colored clay loam.

The subsoil varies from a drab to a pale yellowish drab, indicating poor
oxidation. It does not usually contain as much gravel as either the surface or
subsurface. Limestone concretions are frequently found.

The management of this type is not different from that of the black clay
loam, altho there may be a greater necessity for maintaining the supply of or-
ganic matter because of the lower content of this constituent naturally in the
soil.  The presence of gravel affects the working of the soil only to a slight ex-
tent, since clay possesses such distinetive properties that it takes a large amount
of gravel and sand to overcome its effects. Hence this type works very little
differently from the ordinary black clay loam.

Brown-Gray Silt Loam on Tight Clay (1128)

Brown-gray silt loam on tight clay occurs in numerous small areas thruout
the county, principally in Township 23 North, Ranges 1 West and 1 East; also in
the southwestern part of Township 24 North, Range 1 West. The total area occu-
pied by this type is 2.42 square miles (1,549 acres), or .2 percent of the area of
the county. While not of great importance from the standpoint of area, yet it
is interesting to note that the tight clay soils, or so-called hardpan, have devel-
oped under certain conditions even in the early Wisconsin glaciation. The top-
ography is flat and naturally poorly drained.

The surface soil, 0 to 624 inches, consists of a brown or gravish brown silt
loam, containing some fine sand and coarse silt, which give it a peculiar, mealy
feel but excellent texture. It contains about 4 percent of organic matter, or 40
tons per acre, and is somewhat richer in this constituent than the corresponding
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type in southern Illinois. The organic-matter content varies with its relation to
other types, being greater where it approaches brown silt loam (1126) and less
where it passes into yellow-gray silt loam (1134). As a rule, the surface soil is
not so granular as the ordinary brown silt loam.

The subsurface is represented by a stratum 10 to 12 inches thick. The color
varies from a brown to a gray or grayish brown, the upper part of the stratum
usually being brown, while the lower part is decidedly gray or grayish brown.
It differs from the surface soil prineipally in the amount of organic matter it
contains, having 1.2 percent as compared with 4 percent in the top stratum.

The natural subsoil begins at a depth of 16 to 18 inches, as a yellowish,
almost impervious, silty clay, and has a thickness of 10 to 15 inches. It is usually
underlain by a rather pervious silt. This tight clay layer obstruets drainage to
such an extent that percolation is not very rapid, hence the soil dries very slowly.
The land should be tiled thoroly, unless surface drainage is sufficient. In order
to do this, the lines of tile should be placed not over four rods apart.

Care should be taken, on this type, to maintain or inercase the amount of or-
ganic matter by the proper rotation of ecrops and the turning under of erop resi-
dues and farm manures. Deep-rooting crops, such as red, mammoth, and sweet
clover, should be grown so as te render the tight elay more permeable to air and
water.

From Table 2 it will be seen that the surface soil contains only 4,200 pounds
of nitrogen and 1,380 pounds of phosphorus per acre. To increase these amounts,
liberal applieations of fine-ground rock phosphate should be made in connection
with decaying organic matter, as on the brown silt loam. This type is distinetly
acid in surface, subsurface, and subsoil. Limestone should be applied at the rate
of 2 to 3 tons per acre every four to six years. The initial applications may well
be 1 ton of phosphate and 4 tons of limestone.

Gravelly Loam (1190 or 990)

Gravelly loam occupies many areas on the upland but covers a total of only
96 acres. These areas are small and isolated, representing small gravel ridges re-
cently covered by fine wind-blown material.

The organic matter of the soil should be maintained, and in other respects
the treatment should be the same as for the brown silt loam, exeept that phos-
phorus need not be added, because of the deep feeding range afforded plant roots.

(b) Upraxp TIMBER SOILS

The upland timber soils occur along streams, or, in some eases, on or near
somewhat steep morainal ridges. They are characterized by a yellow, yellowish
gray, or gray color, due to their low organic-matter content. This lack of or-
ganic matter has been caused by the long-continued growth of forest trees. As
the forests invaded the prairies, two effects were produced: (1) the shading of
the trees prevented the growth of prairie grasses, the roots of which are mainly
responsible for the large amount of organic matter in prairie soils; (2) 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. As a result the or-
ganic-matter content of the upland timber soils has been reduced until in some
parts of the state a low eondition of apparent equilibrium has been reached.
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Yellow-Gray Siit Loam (1134 or 934)

Yellow-gray silt loam oceurs in the outer timber belts along streams and in
the less rolling of the timbered morainal areas. The type covers 73.42 square
miles (46,989 acres), or 6.23 percent of the entire area of the county. In top-
ography it is sufficiently rolling for good surface drainage, without much ten-
dency to wash if proper care is taken.

The surface soil, 0 to 624 inches, is a yellow, yellowish gray, gray, or brown-
ish gray silt loam, ineoherent but not granular. The more nearly level areas are
gray in color, while the more rolling phase of the type has a yellow or brownish
yellow color. As the type approaches the brown silt loam, it becomes decidedly
darker. The organic-matter content averages 2.9 percent, or 29 tons per aere,
but it varies considerably with topography. As the type approaches the brown
silt loam, the organic matter amounts to as much as 3.8 percent, while as it ap-
proaches the yellow silt loam, it diminishes to as low as 2.3 percent. In some
cases it is extremely difficult to draw the line between the long-cultivated brown
silt loam and the yellow-gray silt loam, because of the gradation between the typos.

The subsurface stratum varies from 3 to 10 inches in thickness, erosion hav-
ing reduced its thickness on the more rolling arveas. It is usually a gray, grayish
vellow, or yellow silt loam, somewhat pulverulent, but becoming more cohcrent
and plastic with depth. The amount of organic matter is about 1 percent, or 29
tons per acre in the four million pounds of soil.

The subsoil is a yellow or mottled grayish yellow, clayey silt or silty clay,
somewhat plastic when wet, but friable when only moist, and pervious to water.
Glacial drift is sometimes encountered at a depth of less than 40 inches. This 1s
due to the removal by erosion of part of the loessial material. The glacial drift
may be locally a very gravelly deposit, but usually it is a slightly gravelly clay
and in some places is lacking in permeability. Otherwise, each stratum of this
type is quite pervious to water, except in the level gray areas, where the tight
and more or less compact clayey layer has been formed at a depth cf 18 to 24
inches. Small arcas of light gray silt loam on tight elay are found in the county,
but none large enough to be shown on the map.

In the management of this type one of the most essential things is the main-
taining or the inereasing of organic matter. This is necessary in order to supply
nitrogen and liberate mineral plant food, to give better tilth, to prevent ‘‘running
together,”” and on some of the more rolling phases, to prevent washing.

Another essential is the neutralization of the acidity of the soil by the appli-
cation of ground limestone, so that clover, alfalfa, and other legumes may be
grown more successfully. The initial application may well be 4 or 5 tons per
acre, after which 2 tons per acre every four or five years will be sufficient. Since
the soil is poor in phosphorus, this element should be applied, preferably in con-
neetion with farm manure or clover plowed under. In permanent systems of
farming, fine-ground natural rock phosphate will be found the most economical
form in whieh to supply the phosphorus, altho steamed bone meal or acid phos-
phate may well be used temporarily until plenty of decaying organic matter can
be provided.

For definite results from the most practical field experiments upon typical
vellow-gray silt loam, we must go down into ‘‘Egypt,”” where the people of Saline
county, especially those in the vieinity of Raleigh and Galatia, have provided
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the University with a very suitable tract of this type of soil for a permanent
experiment field. There, as an average of duplicate trials each year for the four
years 1911 to 1914, the crop values from four acres were $16.44 from untreated
land, $18.22 where organic manures were applied in proportion to the amount
of crops produced, and $33.58 where 6 tons per acre of limestone and the organie
manures were applied,—the wheat, corn, oats, and clover (or cowpeas or soy-
beans) grown in the rotation being valued at the ‘‘lower prices’” heretofore men-
tioned. Owing to the low supply of organic matter, phosphorus produced almost
no henefit, as an average, during the first two years; but with inereasing applica-
tions of organic matter, the effect of phosphorus is becoming more apparent in
subsequent crops. Of course the full benefit of a four-year rotation cannot be
realized during the first four years. The farm manure was applied to one field
cach year, and the fourth field received no manure until the fourth year. Like-
wise, crop residues plowed under during the first rotation may not be fully recov-
cred in subsequent increased yields until the second or third rotation period.

‘While limestone is the material first needed for the cconomic improvement
of the more acid soils of southern Illinois, with organic manures and phosphorus
to follow in order, the less acid soils of the central part of the state are first in
need of phosphorus, altho limestone and organie matter must also be provided for
permanent and best results.

Table 12 shows in detail thirteen vears’ results secured from the Antioch
soil experiment field located in Liake county on the yellow-gray silt loam of the
late Wisconsin glaciation. In acidity this type in McLean county is intermediate
between the similar soils in Saline and Liake counties, but no experiment field
has been eonduected on this important soil type in the early Wisconsin glaciation,
in which McLean county is situated.

The Antioch field 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, phos-
phorus, and potassium, singly and in combination. These elements were all
added in commercial form until 1911, after which the use of commereial nitrogen
was disecontinued and erop residues were substituted in its place. (See report of
Urbana field for further explanations, page 7.) Only a small amount of lime
was applied at the beginning, in harmony with the teaching which was common
at that time; furthermore, Plot 101 proved to be abnormal, so that no conclu-
sions can be drawn regarding the effect of lime. In order to ascertain the effect
produced by additions of the different elements singly, Plot 102 must be re-
garded as the check plot. Three other comparisons are also possible to deter-
mine the effect of cach element under different conditions.

As an average of 40 tests (4 each year for ten years), liberal applications
of eommereial nitrogen produced a slight deercase in crop values; but as an
average of thirteen years each dollar invested in phosphorus paid back $2.54
(Plot 104), while potassium applied in addition to phosphorus (Plot 108) pro-
duced no inecrease, the crops being valued at the lower prices used in the tabular
statement. Thus, while the detailed data show great variation, owing both to
some irregularity of soil and to some very abnormal seasons, with three almost
complete crop failures (1904, 1907, and 1910), yet the general summary strongly
confirms the analytical data in showing the need of applying phosphorus and
the profit from its use, and the loss in adding potassium. In most cases com-



TABLE 12.~CrOP YIELDS IN SOIL EXPERIMENTS, ANTIOCH FIELD

Yellow-gray silt loam, undulating Corn | Corn | Oats | Wheat | Corn | Corn Oats Wheég Corn -Cg‘érn Oats | Clover | Wheat
tlmbeﬂangl; Jate Wisconsin 1902 | 1903 | 1904 | 1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 | 1912* 1914
Plot ‘ Soigg;el?ggient Bushels or tons per acre
101 INOBE +ovvmrs e e s 418 | 36.6) 17.8 18,5 | 35.9 12.4 65.6 12.2 5.2 | 344 21.8 .50 30.8
102 TAMe . irerieciie et 45.1 ‘ 389 | 128 | 103 | 3815 | 95 61.6 11.7 3.0 | 24.6 175 60 | 30.0
103 Lime, DItrOZen «....vvvuervenwenns 4657408 | 28| 17.8 | 3738 64 | 603 | 13.0 | 14 104 | 244 | (%) | 408
104 |Lime, phosphorus ................. 50.1 | 53.6 | 12.5 | 35.8 ‘ 57.4 13.4 70.9 23.3 6.8 37.4 49.1 1.32 54.2
105 Lime, Potassitm .................. 48.2 | 502 | 97| 217 | 349 | 129 | 625 | 135 46 | 204 | 188 72| 840
106 TLime, nitrogen, phosphorus ........ 56.6 | 62.7 | 15.9 | 152 | 59.3 | 20,9 | 491 | 33.8 | 6.0 | 87.0 | 469 | (® | 413
107 ‘Lime, nitrogen, potassivm .......... 52.1 \ 549 | 1031 118 | 39.0 111 | 526 21.0 1.6 7.0 16.9 s 43.2
108 Lime, phosphorus, potassium........ 60.7 | 66.0 | 19.7 | 28.7 | 59.1 18.3 59.4 26.2 3.2 42.2 35.9 1.60 46.0
109 Lime, nitrogen, phosphorus, potas- | | T
| SIUDL L vt i i e 612 | 69.1 | 319 | 180 . 659 314 | 519 30.5 3.0 44.2 31.9 * 41.0
110 Nitrogen, phosphorus, potassium....| 59.7  7L8 | 37.2 | 163 | 66.3 28.8 55.9 34.5 4.6 49.0 38.1 *) 37.8
Inecrease: Bushels or Tons per Acre
TOT DEELOZOD. « e evvenevneenennnnnnnnnss 12| 19]-100| 75| 63 | -31 | -13 13 | -16 | ~14.2 6.9 10.8
For phosphorus. ..., 50| 147 -3 255 ] 25.9 3.9 9.3 11.6 3.8 12.8 31.6 72 24.2
For potassium................oill 3.1 113 | -3.1| 114 \ 3.4 3.4 9 1.8 1.6 —4.2 1.3 12 4.0
For nitrogen, phosphorus over phosphorus...| 6.5 9.1 3.4 | -20.6 1.9 7.5 | -21.8 10.5 -8 -4 2.2 ~12.9
For phosphorus, nitrogen over nitrogen..... 103 | 219 | 131 -2.6 ‘ 21.5 14.5 | -11.2 20.8 4.6 26.6 22.5 5
For postassium, nitrogen, phosphorus over ’
nitrogen, phosphorus ........cecvveners 4.6 6.4 16.0 2.8 6.6 10.5 2.8 -3.3 -3.0 7.2 | -15.0 -3
*Crop residues in place of commercial nitrogen after 1911.
“I"igures in parentheses indicate bushels of seed; the others, tons of hay.

*No seed produced: clover plowed under on these plots.

0T 'ON I¥90dTY TION
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TABLE 13.—VALUE oF CROPS PER ACRE IN THIRTEEN YEARS, ANTIOCH FIELD

!‘ Total value of
thirteen ero

Plot Soil treatment applied _ thirteen crops
Lower | Higher
prices' | prices®
TTI0L [NODI® +eevrennennn e aen et e $135.12 | $193.03
B3 T 7 T S 119.74 | 171.06
103 (Lime, MItTOZeN. ... u ottt i e i it 124.70 178.15
104 |Lime, PROSPROTUS .« ..ovivn it i i it 202.20 288.85
105 |Lime, potassilmm. e eunne . eeeunnenneinereroronseesencacennnns.  138.88 | 198.40
106 |Lime, nitrogen, phosphorus..............ooo il 179.41 | 256.31
107 |Lime, nitrogen, potassium............coiuiiiiiiii i, 133.54 190.77
108 |Nitrogen, phosphorus, potassium............. ..o 201.35 287.65
109 {Lime, nitrogen, phosphorus, potassium................. ...t 191.22 273.18
110 |Nitrogen, phosphorus, potassinm.........coooiiieea L., 181.18 | 258.83

Value of Increase per Acre in Thirteen Years

FOr BIETO@EN. « oottt it e i e $ 4.96 $ 7.09
For PROSPROTUS .ottt i et e ittt 82.46 117.79
For nitrogen and phosphorus over phosphorus..................ooiuen.. -22.79 | -32.54
For phosphorus and nitrogen over nitrogen............. ...t 54.71 78.16
For potassium, nitrogen, and phosphorus over nitrogen and phosphorus...] 11.81 16.87

'Wheat at 70 cents a bushel, corn at 35 cents, oats at 28 cents, hay at f;)?? a ton.
*Wheat at $1 a bushel, corn at 50 cents, oats at 40 cents, hay at $10 a ton.

mercial nitrogen damaged the small grains by causing the crop to lodge; but in
those years when a corn yield of 40 bushels or more was secured by the appli-
cation of phosphorus either alone or with potassium, then the addition of nitro-
gen produced an inerease.

From a comparison of the results from the Urbana, Sibley, and Blooming-
ton fields, we must conclude that better yields are to be secured by providing
nitrogen by means of farm manure or legume crops grown in the rotation than
by the use of commercial nitrogen, which is evidently too readily available, caus-
ing too rapid growth and consequent weakness of straw; and of course the at-
mosphere is the most economic source of nitrogen where that clement is needed
for soil improvement in general farming. (See Appendix for detailed discussion
of ““Permanent Soil Improvement.’”)

Yellow Silt Loam (1135 or 935)

Yellow silt loam covers 27.43 square miles (17,555 acres) and constitutes
2.36 percent of the entire area of the county. It oceurs as the hilly and badly
eroded land on the inner timber belts adjacent to the streams, usually only in
narrow, irregular strips with arms extending up the small valleys. In topog-
raphy it is very rolling, and in most places so badly broken that it should not bhe
cultivated because of the danger of injury from washing.

The surface soil, 0 to 624 inches, is a yellow or grayish yellow, pulverulent
silt loam. It varies greatly in color and texture, owing to reeent washing. In
places the natural subsoil may be exposed. This exposure gives it a decidedly
vellow eolor. The soil freshly plowed appears yellow or brownish yellow, but when
it becomes dry after a rain, it is of a grayish eolor. In some plaeces the surface soil
ig formed from glacial drift, but this is only on very limited arcas and on the
steepest slopes. The organie-matter content is the lowest of any type in the
county, being only 1.5 percent, or 15 tons per acre. It varics, however, from 1.2
to 1.8 percent.
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The subsurface varies from a yellow silt loam to a yellow clayey silt loam,
and on the steepest slopes may consist of weathered glacial drift. The thickness
of the stratum varies from 5 to 12 inches, depending on the amount of recent
erosion. The organic-matter content amounts to only 12 tons per acre.

The subsoil consists normally of a yellow clayey silt, but in some areas may
be composed entirely of glacial drift,

The first and most important thing in the management of this type is to pre-
vent general surface washing and gullying. If the land is cropped at all, a rota-
tion should be practiced that will require a cultivated crop as little as possible,
and allow pasture and meadow most of the time. If tilled, the land should be
plowed deeply and eontours 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 inerease the organic-matter
content. This will help 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
Circular 119, ‘“ Washing of Soils and Methods of Prevention.’”)

Additional treatment recommended for this yellow silt loam is the liberal
use of limestone wherever cropping is practiced. This type is quite acid and
very deficient in nitrogen; and the limestone, by correcting the acidity of the
soil, is especially beneficial to the clover grown to inerease the surply of nitro-
gen. Where this soil has been long cultivated and thus exposed to surface wash-
ing, it is particularly deficient in nitrogen; indeed, on such lands the low supply
of nitrogen is the factor that first limits the growth of grain crops. This fact
is very strikingly illustrated by the results from two pot-culture experiments re-
ported in Tables 14 and 15, and shown photographically in Plates 7 and 8.

In one experiment, a large quantity of the typical worn hill soil was col-
lected from two different places.? Each lot of soil was thoroly mixed and put
in ten four-gallon jars. 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
clements nitrogen, phosphorus, and potassium were added singly and in com-
bination, as shown in Table 14,

As an average, the nitrogen applied produced a yield about eight times as
large as that secured without the addition of nitrogen. While some variations
in yield are to be expected, because of differences in the individuality of sced or
other uncontrolled causes, yet there is no doubting the plain lesson taught by
these actual trials with growing plants.

The question arises next, Where is the farmer to secure this much-needed
nitrogen? To purchase it in commercial fertilizers would cost too much; indeed,
under average conditions the cost of the nitrogen in such fertilizers is greater
than the value of the increase in erop yields.

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, cow-
peas, and soybeans are not only worth raising for their own sake, but they have
the power to seeure nitrogen from the atmosphere if the soil contains limestone
and the proper nitrogen-fixing bacteria.

*Soil for wheat pots from loess-covered unglaciated area, and that for oat pots from
upper Illinois glaciation.
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To secure further information along this line, another experiment with pot
cultures was conducted for several years with the same type of worn hill soil as
that used for wheat in the former experiment. The results are reported in
Table 15.

To three pots (Nos. 3, 6, and 9) nitrogen was applied in commerecial form,
at an expense amounting to more than the total value of the erops 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 erop of
cowpeas had been turned under, the yield from Pot 2 exceeded that from Pot 3;
and in the subsequent years the legume green manures preduced, as an average,
rather better results than the commercial nitrogen. This experiment confirms
that reported in Table 14, in showing the very great need of 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 crops and
plowing them under as green manure. Of course the soil can be very markedly
improved by feeding the legume erops to live stock and returning the resulting

PLATE 7.—WHEAT IN PoT-CULTURE EXPERIMENT WITH YELLOW SILT L0oAM oF WORN HiILL LAND
(See Table 14)

TaBLE 14.—Crop YIELDS IN PoT-CULTURE EXPERIMENT WITH YELLOW SILT LoaM OF WORN
Hiru LaND

(Grams per pot)

1;.?: Soil treatment applied | Wheat Oats
1 NOme. o e e e 3 5
2 Lmestone. .. o e e e 4 4
3 |Limestone, nitrogen............... DU e 26 45
4 |Limestone, phosphorus. ..ottt tiiitnnnann, 3 6
5 ILimestone, potassitm. ..... ...ttt ittt i i 3 5
6 |Limestone, nitrogen, phosphorus....... ... ... ... . ... . .. .. e... 34 38
7 |Limestone, nitrogen, potassium........... ... ... ... ... 33 46
8 ‘Limestone, phosphorus, potassium............. ... ... . 2 5
9 iLimestone, nitrogen, phosphorus, potassinm...................... 34 38
10 [NODE. ettt e e ! 3 5
Average yield with nitrogen........ ... .. . i e 32 42
Average yield without nitrogen....... ... ... o i i il 3 5
Average gain for mifrogen.......... ..o i 29 37
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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.

As a rule, it is not advisable to try to enrich this type of soil in phosphorus,
for with the erosion that 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 organie 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 inecreasing organic matter and preventing washing. Worthless slopes that
have 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 neces-
sary nitrogen for the blue grass.

To get alfalfa well started 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 plow-
ing 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.

PLATE 8. —WHEAT Iy Por-CULTURE EXPERIMENT WITH YELLOW SILT LoAM oF WORN HirL LAND
(See Table 15)

TABLE 15.—CROP YIELDS IN PoT-CULTURE EXPERIMENT WITH YELLOW SILT Loam oF WorN HILL
LAND AND NITROGEN-FIXING GREEN MANURE CROPS

(Grams per pot)

Pot ; 1903 1904 1905 1906 1907
No. Soil treatment Wheat | Wheat | Wheat | Wheat | Oats
1 [NOME ittt iiiiiiieininnennnns 5 4 4 4 6
2 |Limestone, legume .............coviunnn. 10 17 26 19 37
11 |Limestone, legume, phosphorus ........... 14 19 20 18 27
12 |Limestone, legume, phosphorus, potassium. . 16 20 21 19 | 30
T3 |Limestone, mitrogen ............ioieui... 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
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(e) TERRACE SoILS

Terrace soils were formed on terraces or old fills in valleys. The terraces
owe their formation generally to the deposition of material from an overloaded
and flooded stream during the melting of the glaciers. The material varied from
fine to coarse. These valleys were sometimes filled almost to the height of the
upland. Later the streams cut down thru these fills and developed new bottom
lands, or flood plains, at a lower level, leaving part of the old fill as a terrace. The
lowest and most recently formed bottom land is called first bottom. The higher
land no longer flooded (or very rarely, at most) is generally designated as second
bottom. Finer material later deposited on this sand and gravel of the fill now
constitutes the soil. The terraces occur along the Mackinaw and Sangamon rivers.

Brown 8it Loam over Gravel (1527)

Brown silt loam over gravel oceurs along the Sangamon river in very limi-
ted areas. The total area is only 166 acres.

The surface soil, 0 to 624 inches, is a brown to a dark brown silt loam, con-
taining some sand and 5.7 percent of organie matter, or 57 tons per acre. The
topography is slightly undulating.

The subsurface soil varies from a brown to a yellowish brown or yellowish
drab silt loam, and the lower part of the stratum at a depth of 16 to 18 inches
contains fragments of sand and gravel.

The subsoil is a vellowish or drab-colored silt or elayey silt, which becomes
quite gravelly at 35 to 48 inches and passes into rather a pure gravel.

This type, as a rule, is well drained, because of the pervious character of the
subsoil. The treatment should be the same as for brown silt loam, except that the
addition of phosphorus is not likely to be profitable, because of the deep feeding
range afforded plant roots.

Brown Silt Loam on Gravel (1526.2)

Brown silt loam on gravel covers an area of 1.77 square miles (1,132 acres),
or only .15 percent of the total area of the county. It differs from the brown silt
loam over gravel only in the fact that gravel is within 30 inches of the surface.
Because of the nearness of the gravel the type is more susceptible to drouth than
if this stratum were deeper.

The treatment for this type should be practically the same as for the preced-
ing. There is, however, a greater necessity for increasing the organic matter,
beeause the soil contains less of that constituent.

Yellow-Gray Silt Loam on Gravel (1534.2)

Yellow-gray silt loam on gravel is found along both the Mackinaw and San-
gamon rivers. It represents the terrace soil that has been covered by a growth of
trees and is econsequently low in organic matter. The total area is 621 acres.

The surface soil, 0 to 624 inches, is a yellow or yellowish gray silt loam with
an organie-matter content of 8.1 percent, or 31 tons per acre.

The subsurface is a yellow silt loam containing a perceptible amount of sand.

The subsoil is a yellow silt or clayey silt, passing into the gravel at a depth
of 12 to 30 inches. Iocal borings are obtained where the gravel layer may be
slightly below 30 inches.



38 Soi. REPORT No. 10 [May,

This soil needs nitrogen and organic matter as the most essential things in
its improvement.
{(d) Swamp anp BorToM-LAND SoILs

Deep Peat (1401)

A few small areas of deep peat, aggregating 83 acres, are mapped in this
county. They oceur in low, poorly drained places in bottom land or swamps.

The surface soil, 0 to 624 inches, is black, generally well decomposed, and
contains about 55 percent of organic matter. The subsurface is very similar to
the surface, but the organic-matter content is not so high, being about 50 percent.
The subsoil is quite variable; in some places it passes into a drab silty clay and in
others it is peaty to a depth of 40 inches. It frequently contains shells mingling
with the organic matter.

Drainage is of course the first essential for this type. If it does not produce
well when drained, trials should be made with potassium. (See Bulletin 157.)

Deep Brown Silt Loam (Bottom Land) (1426)

Deep brown silt loam oceurs along the streams, chiefly in the socuthwesteru
part of the county. It aggregates 23.88 square miles, or 2 percent of the county.

The surface soil, 0 to 624 inches, is a brown silt loam containing from 5 to 8
percent of organic matter. It varies somewhat in physical composition from a
heavy phase to one containing sand in sufficient amounts to be called a sandy
loam. This latter, however, does not oceur in areas large enough to be mapped.

The subsurface soil is similar to the surface except that the organic-matter
content is slightly lower, varying from 4 to 7 percent, and consequently the soil
is a little lighter in color. The subsoil is not so dark as the surface and contains
local areas of coarse material.

Where proper drainage is secured, this type is very productive. As a rule,
where it is subject to frequent overflow nothing else is needed except good farm-
ing. Even the systematic rotation of crops is not so important where the land is
subject to occasional overflow; but where it lies high or is protected from over-
flow by dikes, a rotation including legume crops should be practiced, and ulii-
mately provision should be made for the enrichment of such protected land in
both phosphorus and organic matter, and, if acid, in limestone.

Mixed Loam (Bottom Land) (1454)

Mixed loam oceurs chiefly north of the Bloomington moraine. It aggregates
18 square miles, or 1.5 percent of the county. It varies quite widely in its physi-
cal composition, including sand, sandy loam, silt loam, and possibly some clay
loam. Its character changes more or less with each flood; hence it is impracti-
cable to attempt to separate it into distinet types. The amount of organic matter
in the surface soil is about 5.5 percent, which is equivalent to 55 tons per acre.

The subsurface is a dark soil, varying in physical composition from a sandy
loam to a clay loam. The organic-matter content is about 4.6 percent.

The subsoil is slightly lighter in color than the subsurface, with a variable
composition similar to that of the other strata.

This type is fertile, and no treatment is suggested beyond that mentioned for
the preceding type, deep brown silt loam.



1915} McLEAN CouNTY 39

APPENDIX

A study of the soil map and the tabular statements concerning erop require-
ments, the plant-food content of the different soil types, and the actual results
secured from definite field trials with different methods or systems of soil im-
provement, and a careful study of the discussion of general principles and of
the deseriptions of individual soil types, will furnish the most necessary and use-
ful information for the practical improvement and permanent preservation of
the productive power of every kind of soil on every farm in the county.

More complete information concerning the most extensive and important soil
types in the great soil areas in all parts of Illinois is contained in Bulletin 123,
““The Fertility in Illinois Soils,”” which contains a colored gencral soil-survey
map of the entire state.

Other publications of general interest are:

Bulletin No. 76, ‘‘Alfalfa on Illinois Soils”’

Bulletin No. 94, ‘‘Nitrogen Bacteria and Legumes’’

Bulletin No. 115, ‘‘Soil Improvement for the Worn ill Lands of Illinois”’

Bulletin No. 125, ‘“Thirty Years of Crop Rotation on the Common Prairie Lands of
Tllinois’’

Circular No. 82, ‘‘Physical Tmprovement of Soils’’

Cireular No. 110, ‘“Ground Limestone for Aeid Soils’’

Circular No. 127, ‘“Shall We Use Natural Rock Phosphate or Manufactured Acid Phos-
phate for the Permanent [mprovement of 1llinois Soils?’’

Circular No. 129, ‘‘The Use of Commercial Fertilizers’’

Circular No. 149, ‘“Results of Scientific Soil Treatment’’ and ‘‘Methods and Results of
Ten Years’ Soil Investigation in Illinois’’

Circular No. 165, ‘“Shall We Use ‘Complete’ Commercial Fertilizers in the Corn Belt?’’

Cirenlar Nc. 167, ‘‘The Illinois System of Permanent Fertility’’

Noyg.—Information as to where to obtain limestone, phosphate, bone meal, and potas-

sium salts, methods of application, ete., will also be found in Cireulars 110 and 165.

Soi. SurveEy METHODS

The detail soil survey of a county consists essentially of ascertaining, and
indicating on a map, the location and extent of the different soil types; and,
since the value of the survey depends upon its aceuracy, every reasonable means
is employed to make it trustworthy. To accomplish this object three things are
essential : first, careful, well-trained men to do the work; second, an accurate
base map upon which to show the results of the work; and, third, the means
necessary to enable the men to place the soil-type boundaries, streams, ete.,
accurately upon the map.

The men sclected for the work must be able to keep their location exactly
and to recognize the different soil types, with their prinecipal variations and lim-
its, and they must show these upon the maps correctly. A definite system is
employed in checking up this work. As an illustration, one soil expert will sur-
vey and map a strip 80 rods or 160 rods wide and any eonvenient length, while
his associate will work independently on another strip adjoining this area, and,
if the work is correctly done, the soil type boundaries must matech up on the
line between the two strips.

An accurate base map for field use is absolutely necessary for soil mapping.
The base maps are made on a scale of one inch to the mile. The official data
of the original or subsequent land survey are used as a basis in the construc-
tion of these maps, while the most trustworthy county map available is used in
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locating temporarily the streams, roads, and railroads. Since the best of these
published maps have some inaceuracies, the location of every road, stream, and
railroad must be verified by the soil surveyors, and corrected if wrongly located.
In order to make these verifications and corrections, each survey party is pro-
vided with an odometer for measuring distances, and a plane table for deter-
mining directions of angling roads, railroads, ete.

Each surveyor is provided with a base map of the proper scale, which is
carried with him in the field; and the soil-type boundaries, ditches, streams, and
necessary corrcetions are placed in their proper locations upon the map while
the mapper is on the areca. Each seetion, or square mile, is divided into 40-acre
plots on the map, and the surveyor must inspect every ten acres and determine
the type or types of soil composing it. The different 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 can quickly seeure samples of the different strata for inspection. An
extension for making the auger 80 inches long is ecarried 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, while distances in the field off
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 ac-
curacy as can be indiecated by pencil on the scale of one inch to the mile.

Soi. C'HARACTERISTICS

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, but sometimes one type grades into another so gradually that
it 1s very difficult to draw the line between them. In such exceptional cases,
some slight variation in the location of soil-type boundaries is unavoidable.

Several factors must be taken into account in establishing soil types. These
are (1) the geological origin of the soil, whether residual, glacial, loessial, al-
luvial, colluvial, or cumulose; (2) the topography, or lay of the land; (3) the
native vegetation, as forest or prairie grasses; (4) the structure, or the depth
and character of the surface, subsurface, and subsoil; (5) the physieal, or me-
chaniecal, composition of the different strata composing the soil, as the percent-
ages of gravel, sand, silt, clay, and organic matter which they contain; (6) the
texture, or porosity, granulation, friability, plasticity, ete.; (7) the color of the
strata; (8) the natural drainage; (9) the agricultural value, based upon its
natural productiveness; (10) the ultimate chemical composition and reaction.

The common soil constituents are indicated in the following outline:

Organie rComprising undecomposed and partially decayed

matter 1 vegetable or organic material
Soil [Clay ............................ 001 mm.* and less
constituents : St o 001 mm. to .03 mm.
Ino;%?;lc Sands. ...l 03 mm. to 1. mm.
m Gravel ... ... i i, 1. mm. to 32 mm.
Stones. ...l 32, mm. and over

Further discussion of these constituents is given in Circular 82.

125 millimeters equal 1 inch.
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Grours or SoiL TyYpPEs

The following gives the different general groups of soils:

Peats—Consisting of 35 percent or more of organic matter, sometimes mixed
with more or less sand or silt.

Peaty loams—15 to 35 percent of organic matter mixed with much sand.
Some silt and a little clay may be present.

Mucks—15 to 35 percent of partly decomposed organic matter mixed with
much clay and silt.

Clays—=Secils with more than 25 percent of clay, usually mixed with much
silt.

Clay loams—Soils with from 15 to 25 pereent of clay, usually mixed with
much silt and some sand.

Silt loams—=Soils with more than 50 percent of silt and less than 15 percent
of clay, mixed with some sand.

Loams—Seils with from 30 to 50 percent of sand mixed with much silt and
a little clay.

Sandy loams—Soils with from 50 to 75 percent of sand.

Fine sandy loams-—Soils with from 50 to 75 percent of fine sand mixed with
much silt and little elay.

Sands—Soils with more than 75 percent of sand.

Gravelly loams—Soils with 25 to 50 percent of gravel with much sand and
some silt.

Gravels—Soils with more than 50 percent of gravel and much sand.

Stony loams—=Soils containing a considerable number of stones over one inch
in diameter.

Rock outerop—Usually ledges of rock having no direet agricultural value.

More or less organic matter is found in all the above groups.

SuppLy AND LiBErATION or PraNT Foop

The productive capacity of land in humid scetions depends almost wholly
upon the power of the soil to feed the crop; and this, in turn, depends both
upon the stock of plant food eontained in the soil and upon the rate at which
it is liberated, or rendered soluble and available for wuse in plant growth.
Protection from weeds, inscets, and fungous diseases, the exceedingly important,
is not a positive but a negative factor in crop production.

The chemical analysis of the soil gives the invoice of fertility actually pres-
ent in the soil strata sampled and analyzed, but the rate of liberation is gov-
erned by many factors, some of which may be controlled by the farmer, while
others are largely bevond his control. Chief among the important controllable
factors which influence the liberation of plant food are limestone and decaying
organie matter, which may be added to the soil by direct application of ground
limestone and farm manure. Organic matter may be supplied also by green-
manure erops and crop residues, such as clover, cowpeas, straw, and corn stalks.
The rate of decay of organic matter depends largely upon its age and origin,
and it may be hastened by tillage. The chemical analysis shows correctly the
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total organic carbon, which represents, as a rule, but little more than half the
organic matter; so that 20,000 pounds of organic carbon in the plowed soil of
an aecre correspond to nearly 20 tons of organic matter. But this organic mat-
ter consists largely of the old organic residues that have accumulated 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 recent history of the individual
farm or field must be depended upon for information eoncerning recent addi-
tions of active organic matter, whether in applications of farm manure, in
legume crops, or in grass-root sods of old pastures.

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 aere may produce twice as large a erop 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 Illi-
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 success of the merchant depends primarily upon his stock of goods and the
rapidity of sales. In both cases the stock of any ecommodity 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.

As the organic matter deeays, certain decomposition products are formed,
including much carbonie acid, some nitrie acid, and various organic acids, and
these have power to act upon the soil and dissolve the essential mincral plant
foods, thus furnishing soluble phosphates, nitrates, and other salts of potassium,
magnesium, caleium, ete., for the use of the growing crop.

As alrcady explained, fresh organiec matter decomposes much more rapidly
than old humus, which represents the organic residues most resistant to decay
and which consequently has accumulated in the soil during the past centuries.
The decay of this old humus ean be hastened both by tillage, which maintains
a porous condition and thus permits the oxygen of the air to enter the soil more
freely and to effect the more rapid oxidation of the organic matter, and also by
ineorporating with the old, resistant residues some fresh organie matter, such
as farm manure, clover roots, ete., which decay rapidly and thus furnish or lib-
erate organic matter and inorganic food for bacteria, the bacteria, under such
favorable conditions, appearing to have power to attack and decompose the old
humus. It is probably for this reason that peat, a very inactive and inefficient
fertilizer when used by itself, becomes much more effective when composted with
fresh farm manure; so that two tons of the compost! may be worth as much as
two tons of manure, but if applied separately, the peat has little value. Bae-
terial action is also promoted by the presence of limestone.

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 organic

Tn his book, ¢‘Fertilizers,”” published in 1839, Cuthbert W. Johnson reported such com-

post to have been much used in England and to be valued as highly, ‘‘weight for weight, as
farm-yard dung.’’
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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 organie residues, such as are found
in normal subsoils, commonly contain enly 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, eontain 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 of mnitrogen.
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. (Except in newly made alluvial soils, the ratio is
usually narrower in the subsurface and subsoil than in the surface stratum.)

It should be kept in mind that erops are not made out of nothing. They
are composed of ten different elements of plant food, every one of which is
absolutcly essential for the growth and formation of every agricultural plant.
Of these ten elements of plant food, only two (carbon and oxygen) are secured
from the air by all agricultural plants, only one (hydrogen) from water, and
seven from the soil. Nitrogen, one of these seven elements sccured 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, neas, beans, and vetches, among
our common agricultural plants) secure from the soil alone six elements (phos-
phorus, potassium, magnesium, calcium, iron, and sulfur), and also utilize the
soil nitrogen so far as it becomes soluble and available during their period of
growth.

Plants are made of plant-food elements in just the same sense that a build-
ing is made of wood and iron, brick, stone, and mortar. Without materials,
nothing material can be made. The normal temperature, sunshine, rainfall, and
length of season in central Illinois are sufficient to produce 50 bushels of wheat
per acre, 100 bushels of corn, 100 bushels of oats, and 4 tons of clover hay; and,
where the land is properly drained and properly tilled, such erops would fre-
quently be secured if the plant foods were present in sufficient amounts and
liberated at a sufficiently rapid rate to meet the absolute needs of the crops.

CroP REQUIREMENTS

The accompanying table shows the requirements of wheat, corn, oats, and
clover for the five most important plant-food elements which the soil must fur-
nish. (Iron and sulfur are supplied normally in sufficient abundance compared
with the amounts needed by plants, so that they arc never known to limit the
vield of general farm crops grown under normal conditions.)

To be sure, these are large yields, but shall we try to make possible the
production of yiclds only half or a quarter as large as these, or shall we set as
our ideal this higher mark, and then approach it as nearly as possible with
profit? Among the four crops, corn is the largest, with a total vield of more
than six tons per acre; and yet the 100-bushel erop of corn is often produced
on rich pieces of land in good seasons. In very practical and profitable systems
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TaBLE A.—PraxT Foop 1x WHEAT, CorX, OaTs, AND CLOVER

Produce Nitro- | Phos- | Potas- | Magne- Cal-
Kind Amount gen  phorus sium sium cium
bs. | 1bs. 1bs. Ibs. Ihs,
Wheat, grain....... 50 bu. 71 12 13 4 I
Wheat straw........ 214 tons 25 4 45 4 16
Corn, grain......... 100 bu. 100 17 19 7 1
Corn stover......... 3 tons 48 6 52 10 21
Corn cobs.......... % ton 2 2
Oats, grain.......... 100 bu. 66 11 16 4 3
Oat  straw......... 214 tons 31 5 52 7 5
Clover seed......... 4 bu. 7 2 3 1 1
Clover hay......... 4 tons 160 20 120 31 117
Total in grain and seed.................. o244t 42 51 16 4
Total in four crops...................... | 510 77 322 68 168

"These amounts include the nitrogen contained in the clover seed or hay, which, how-
ever, may be secured from the air.

of farming, the Illinois Experiment Station has produeed, as an average of the
six years 1905 to 1910, a yield of 87 bushels of corn per acre in grain farming
(with limestone and phosphorus applied, and with erop residues and legume
crops turned under), and 90 bushels per acre in live-stock farming (with lime-
stone, phosphorus, and manure).

The importance of maintaining a rich surface soil cannot be too strongly
emphasized. This is well illustrated by data from the Rothamsted Experiment
Station, the oldest in the world. On Broadbalk field, where wheat has been
grown since 1814, the average yields for the ten years 1892 to 1901 were 12.3
bushels per acre on Plot 3 (unfertilized) and 31.8 bushels on Plot 7 (well ferti-
lized), but the amounts of both nitrogen and phosphorus in the subsoil (9 to 27
inches) were distinetly greater in Plot 3 than in Plot 7, thus showing that the
higher yields from Plot 7 were due to the fact that the plowed soil had been
enriched. In 1893 Plot 7 contained per acre in the surface soil (0 to 9 inches)
about 600 pounds more nitrogen and 900 pounds more phosphorus than Plot 3.
Even a rich subsoil has little value if it lies beneath a worn-out surface.

MeTHODS OF LIBERATING PrAxNT Foob

Limestone and decaying organic matter are the principal materials which
the farmer can utilize most profitably to bring about the liberation of plant
food. The 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
bacteria, which have power to transform the insoluble and unavailable organie
nitrogen into soluble and available nitrate nitrogen. At the same time, the
products of this decomposition have power to dissolve the minerals 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.

Tillage, or cultivation, also hastens the liberation of plant food by permit-
ting the air to enter the soil and burn out the organiec matter; but it should
never be forgotten that tillage is wholly destructive, that it adds nothing what-
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ever to the soil, but always leaves it poorer. Tillage should be practiced so
far as is necessary to prepare a suitable sced bed for root development and
also for the purpose of killing weeds, but more than this is unnceessary and
unprofitable in secasons of normal rainfall; and it is much better actually to
enrich the soil by proper applications or additions, ineluding limestone and
organic matter (both of which have power to improve the physical condition
as well as to liberate plant food) than merely to hasten soil depletion by means
of cxzeessive cultivation.

PErRMANENT Soin IMPROVEMENT

The best and most profitable methods for the permanent improvement of
the common soils of Illinois are as follows:

(1) If the soil is acid, apply at least two tons per acre of ground lime-
stone, preferably at times magnesian limestone (CaCO,MgCO,), which con-
tains both caleium and magnesium and has slightly greater power to correct
soil aecidity, ton for ton, than the ordinary caleium limestone (CaCO,); and
continue to apply about two tons per acre of ground limestone every four or
five vears. On strongly acid soils, or on land being prepared for alfalfa, five
tons per acre of ground limestone may well be used for the first application.

(2) Adopt a good rotation of crops, including a liberal use of legumes, and
inerease the organiec matter of the soil cither by plowing under the legume crops
and other crop 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 what will prove to be the
best rotation of erops, because of variation in farms and farmers, and in prices
for preduce, but the following are suggested to serve as models or outlines:

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 and 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
coarse produets should be returned to the soil, and the clover may be elipped
and left on the land (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 seeond or the sixth year, and to a four-
year system by omitting the fifth and sixth years.

With two years of corn, followed by oats with clover-seeding the third year,
and by clover the fourth year, all produce can be used for feed and bedding if
other land is available for permanent pasture. 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.

Other four-year rotations more suitable for grain farming are:

Wheat (and clover), corn, oats, and eclover; or corn (and clover), cowpeas, wheat, and
clover. (Alfalfa may be grown on a fifth field and rotated every five years, the
hay being sold.)
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Good three-year rotations are:

Corn, oats, and clover; corn, wheat, and clover; or wheat (and clover), corn (and
clover), and cowpeas, in which two cover crops and one regular crop of legumes
are grown in three years.

A five-year rotation of (1) corn (and clover), (2) cowpeas, (3) wheat,

(4) clover, and (5) wheat (and clover) 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.

To avoid clover sickness it may sometimes be necessary to substitute sweet
clover or alsike for red clover in about every third rotation, and at the same
time to discontinue its use in the cover-crop mixture. If the corn crop is not
too rank, cowpeas or soybeans may also be used as a cover crop (seeded at the
last cultivation) in the southern part of the state, and, if necessary to avoid
disease, these may well alternate in successive rotations.

For casy 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 1% 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 average manure contains 10 pounds of nitrogen.

The roots of clover contain about half as much nitrogen as the tops, and
the rocts of cowpeas contain about one-tenth as much as the tops.

Soils of moderate produetive power will furnish as much nitrogen to clover
(and two or three times as much to eowpeas) 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 contained in the grain and one-third in the straw or stalks. (See
also discussion of ‘“The Potassium Problem,”” on pages following.)

(3) On all lands deficient in phosphorus (except on those susceptible to
serious erosion by surface washing or gullying) apply that element in consid-
erably larger amounts than are required to mect the actual needs of the crops
desired to be produced. The abundant information thus far secured shows posi-
tively that fine-ground natural rock phosphate can be used successfully and very
profitably, and clearly indieates that this material will be the most economical
form of phosphorus to use in all ordinary systems of permanent, profitable soil
improvement. The first application may well be one ton per acre, and subse-
quently 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 three to five or six fons 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 phosphorus delivered in Illinois costs
about 3 cents a pound in raw phosphate (direct from the mine in carload lots),
but 10 cents a pound in steamed bone meal, and about 12 cents a pound in acid
phosphate, both of which cost too much per ton to permit their common purchase
by farmers in carload lots, which is not the case with limestone or raw phos-
phate.
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Phosphorus once applied to the soil remains in it until removed in crops,
unless carried away mechanically by soil erosion. (The loss by leaching is only
about 114 pounds per acre per annum, so that more than 150 years would be
required to leach away the phosphorus applied in one ton of raw phosphate.)

The phosphate and limestone may be applied at any time during the rota-
tion, but a good method is to apply the limestone after plowing and work it into
the surface soil in preparing the seed bed for wheat, oats, rye, or barley, where
clover is to be seeded ; while phosphate is best plowed under with farm manure,
clover, or other green manures, which serve to liberate the phosphorus.

(4) Until the supply of decaying organic matter has been made adequate,
on the poorer types of upland timber and gray prairie soils some temporary
benefit may be derived from the use of a soluble salt or a mixture of salts, such
as kainit, which contains both potassium and magnesium in soluble form and
also some common salt (sodium chlorid). About 600 pounds per acre of kainit
applied and turned under with the raw phosphate will help to dissolve the phos-
phorus as well as to furnish available potassium and magnesium, and for a few
years such use of kainit may be profitable on lands deficient in organic matter,
but the evidence thus far secured indicates that its use is not absolutely necessary
and that it will not be profitable after adequate provision is made for supplying
decaying organic matter, since this will necessitate returning to the soil the
potassium contained in the crop residues from grain farming or the manure
produced in live-stock farming, and will also provide for the liberating of potas-
sium from the soil. (Where hay or straw is sold, manure should be bought.)

On soils which are subject to surface washing, including especially the
yellow silt loam of the upland timber area, and to some extent the yellow-gray
silt loam and other more rolling areas, the supply of minerals in the subsurface
and subsoil (which gradually renew the surface soil) tends to provide for a
low-grade system of permanent agriculture if some use is made of legume plants,
as in long rotations with much pasture, because both the minerals and nitrogen
are thus provided in some amount almost permanently; but where such lands
are farmed under such a system, not more than two or three grain crops should
be grown during a period of ten or twelve years, the land being kept in pasture
most of the time; and where the soil is acid a liberal use of limestone, as top-
dressings if necessary, and occasional reseeding with clovers will benefit both the
pasture and indirectly the grain crops.

ADVANTAGE OF CroP ROTATION AND PERMANENT SYSTEMS

It should be noted that clover is not likely to be well infected with the
clover bacteria during the first rotation on a given farm or field where it has
not been grown hefore within recent years; but even a partial stand of clover
the first time will probably provide a thousand times as many bacteria for the
next clover erop as one could afford to apply in artificial inoculation, for a single
root-tubercle may contain a million bacteria developed from one during the sea-
son’s growth.

This is only one of several advantages of the second course of the rotation
over the first course. Thus the mere practice of crop rotation is an advantage,
especially in helping to rid the land of insects and foul grass and weeds. The
clover crop is an advantage to subsequent crops because of its deep-rooting char-
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acteristic.  The larger applications of organic manures (made possible by the
larger crops) are a great advantage; and in systems of permanent soil improve-
ment, such as are here advised and illustrated, more limestone and more phos-
phorus are provided than are needed for the meager or moderate crops pro-
duced during the first rotation, and consequently the crops in the second rota-
tion have the advantage of such aceumulated residues (well incorporated with
the plowed soil) in addition to the regular applications made during the second
rotation.

This means that these systems tend positively toward the making of richer
lands. The ultimate analyses recorded in the tables give the absolute invoice
of these Illinois soils. They show that most of them are positively deficient only
in limestone, phosphorus, and nitrogenous organic matter; and the accumulated
information from carcful and long-continued investigations in different parts of
the United States clearly establishes the fact that in general farming these essen-
tials can be supplied with greatest economy and profit by the use of ground nat-
ural limestone, very finely ground natural rock phosphate, and legume crops to
be plowed under direetly or in farm manure. On normal soils no other applica-
tions are absolutely necessary, but, as already explained, the addition of some
soluble salt in the beginning of a system of improvement on some of these soils
produees temporary benefit, and if some inexpensive salt, such as kainit, is used,
it may produce sufficient increase to more than pay the added cost.

Tar Porasstum PROBLEM

As reported in Illinois Bulletin 123, where wheat has been grown every year
for more than half a century at Rothamsted, England, exaetly the same inecrease
was produced (5.6 bushels per acre), as an average of the first 24 years, whether
potassium, magnesium, or sodium was applied, the rate of application per annum
being 200 pounds of potassium sulfate and molecular equivalents of magnesium
sulfate and sodium sulfate. As an average of 60 years (1852 to 1911), the yield
of wheat was 12.7 bushels on untreated land and 23.3 bushels where 86 pounds
of nitrogen and 29 pounds of phosphorus per acre per annum were applied.
As further additions, 85 pounds of potassium raised the yield to 31.3 bushels;
52 pounds of magnesium raised it to 29.2 bushels; and 50 pounds of sodium raised
it to 29.5 bushels. Where potassium was applied, the wheat crop removed an-
nually an average of 40 pounds of that element in the grain and straw, or three
times as much as would be removed in the grain only for such crops as are
suggested in Table A. The Rothamsted soil contained an abundance of lime-
stone, but no organic matter was provided except the little in the stubble and
roots of the wheat plants.

On arother ficld at Rothamsted the average yield of barley for 60 years
(1852 to 1911) was 14.2 bushels on untreated land, 38.1 bushels where 43 pounds
of nitrogen and 29 pounds of phosphorus were applied per acre per annum;
while the further addition of 85 pounds of potassium, 19 pounds of magnesium,
and 14 pounds of sodium (all in sulfates) raised the average yield to 41.5
bushels. Where only 70 pounds of sodium were applied in addition to the
nitrogen and phosphorus, the average was 43.0 bushels. Thus, as an average
of 60 years, the use of sodium produced 1.8 bushels less wheat and 1.5 bushels
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more barley than the use of potassium. with both grain and straw removed and
no organic manures returned.

In recent vears the effect of potassium is beecoming mueh more marked than
that of sodium or magnesium, on the wheat crop; but this must be expected to
oceur in time where no potassium is returned in straw or manure, and no pro-
visicn made for liberating potassium from the supply still remaining in the soil.
If the wheat straw, which contains more than three-fourths of the potassium
removed in the wheat erop (see Table A), were returned to the soil, the neces-
sity of purchasing potassium in a good system of farming on such land would
be at least very remote, for the supply would be adequately maintained by
the actual amount returned in the straw, together with the additional amount
which would be liberated from the soil by the action of decomposition products.

While about half the potassium, nitrogen, and organic matter, and about
one-fourth the phosphorus contained in manure is lost by three or four months’
exposure in the ordinary pile in the barn yard, there is practically no loss
if plenty of absorbent bedding is used on cement floors, and if the manure is
haunled to the ficld and spread within a day cr two after it is produced. Again,
while in average live-stock farming the animals destroy two-thirds of the or-
ganie matter and retain one-fourth of the nitrogen and phosphorus from the
food they consume, they retain less than one-tenth of the potassium; so that the
actual loss of potassium in the products sold from the farm, cither in grain
farming or in live-stock farming, is wholly negligible on land containing 25,000
pounds or more of potassium in the surface 624 inches.

The removal of one inch of soil per century by surface washing (which is
likely to oceur wherever there is satisfactory surface drainage and frequent cul-
tivation) will permanently maintain the potassium in grain farming by re-
newal from the subsoil, provided one-third of the potassium is removed by crop-
ping before the soil is carried away.

Frem all these facts it will be scen that the potassium problem is not one
of addition but of liberation; and the Rothamsted records show that for many
years other soluble salts have practically the same power as potassium tc inerease
crop yields in the absence of sufficient decaying organic matter. Whether this
action relates to supplying or liberating potassium for its own sake, or t¢ the
power of the soluble salt to inerease the availability of phosphorus or other ele-
ments, is not known, but where much potassium is removed, as in the entire crops
at Rothamsted, with no return of organic residues, probably the soluble salt
funections in both ways.

As an average of 112 separate tests condueted in 1907, 1908, 1909, and 1910
on the Fairfield experiment ficld, an application of 200 pounds of potassium
sulfate, containing 85 pounds of potassium and costing $5.10, inereased the yieid
of corn by 9.3 bushels per acre; while 600 pounds of kainit, containing only 60
pounds of potassium and costing $4, gave an inercasc of 10.7 bushels. Thus, at
40 cents a bushel for corn, the kainit paid for itself; but these results, like those
at Rothamsted, were secured where no adequate provision had been made for
decaying organic matter.

Additional experiments at Fairfield included an cqually complete test with
potassium sulfate and kainit on land to which 8 tons per acre of farm manure
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were applied. As an average of 112 tests with each material, the 200 pounds
of potassium sulfate inereased the yield of corn by 1.7 bushels, while the 600
pounds of kainit also gave an increase of 1.7 bushels. Thus, where organie
manure was supplied, very little effect was produced by the addition of either
potassium sulfate or kainit; in part perhaps because the potassium removed in
the crops is mostly rceturned in the manure if properly eared for, and perhaps
in larger part because the decaying organic matter helps to liberate and hold
in solution other plant-food eclements, especially phosphorus.

In laboratory experiments at the Illinois Experiment Station, it has been
shown by chemical analysis 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.

If we remember that, as an average, live stock destroy two-thirds of the or-
ganic matter of the food they consume, it it easy to determine from Table A that
more organic matter will be supplied in a proper grain system than in a strietly
live-stock system; and the evidence thus far scecured from older experiments at
the University and at other places in the state indicates that if the corn stalks,
straw, clover, cte., are incorporated with the soil as soon as practicable after they
are produced (which can usually be done in the late fall or carly spring), there
is little or no difficulty in securing sufficient decomposition in our humid climate
to avoid serious interference with the capillary movement of the soil moisture,
a common danger from plowing under too much coarse manure of any kind in
the late spring of a dry year.

If, however, the entire produce of the land is sold from the farm, as in hay
farming or when both grain and straw are sold, of course the draft on potas-
sium will then be so great that in time it must be renewed by some sort of appli-
cation. As a rule, farmers following this practice ought to seeure manure from
town, sinee they furnish the bulk of the material out of which manure is pro-

duced.
CaLcrum AND MAGNESIUM

When measured by the actual erop requirements for plant food, magnesium
and calcium are more limited in some Illinois soils than potassium. But with
these clements we must also consider the loss by leaching. 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
Tlinois) contained 11 pounds of potassium, 130 of magnesium, and 330 of cal-
cium. These figures are very significant, and it may be stated that if the plowed
soil is well supplied with the carbonates of magnesium and ealeium, then a very
considerable proportion of these amounts will be leached from that stratum.
Thus the loss of caleium from the plowed soil of an acre at Rothamsted, England,
where the soil econtains plenty of limestone, has averaged more than 300 pounds
a year as determined by analyzing the soil in 1865 and again in 1905. Prac-
tically the same amount of caleium was found, by aralyses, in the Rothamsted
drainage waters.

‘Reported by Doctor Bartow and ascociates, of the Illinois State Water Survey.
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Common limestone, which is caleium carbonate (CaCO,), contains, when
pure, 40 percent of caleium, so that 800 pounds of limestone are equivalent to
320 pounds of caleium. Where 10 tons per acre of ground limestone were
applied at Edgewood, Illinois, the average annual loss during the next ten years
amounted to 790 pounds per acre. The definite data from careful investigations
seem to be ample to justify the eonclusion that where limestone is needed at
least 2 tons per acre should be applied every 4 or 5 years.

It is of interest to note that thirty erops of clover of four tons each would
require 3,510 pounds of caleium, while the most common prairie land of southern
Illinois contains only 3,420 pounds of total caleium in the plowed soil of an
acre. (See Soil Report No. 1.) Thus limestone has a positive value on some
soils for the plant food which it supplies, in addition to its value in correeting
soil acidity and in improving the physical condition of the soil. Ordinary lime-
stone (abundant in the southern 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 cal-
cium and 300 pounds of magnesium per ton. Both of these elements are fur-
nished in readily available form in ground dolomitie limestone.

PHrYSICAL 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
organic matter. Not only does it impart good tilth to the soil, but it prevents
much loss by washing on rolling land, warms the soil by absorption of heat, re-
tains moisture during drouth and prevents the soil from running together badly ;
and, as it decays, it furnishes nitrogen for the erop and aids in the liberation of
mineral plant food. This constituent must be supplied to the soil in every prae-
tical way, so that the amount may be maintained or even inereased. It is being
broken down during a large part of the year, and the nitrates produced are used
for plant growth. This decomposition is necessary, but it is also quite necessary
that the supply be maintained.

The physical effect of organic matter in the soil is to produce a granulation,
or mellowness, very favorable for tillage and the development of plant roots. If
continuous cropping takes place, accompanied with the removal or the destrue-
tion of the ecorn stalks and straw, the amount of organic matter is gradually
¢iminished and a condition of poor tilth will ultimately follow. In many cases
this already limits the erop yields. The remedy is to inerease the organic-matter
content by plowing under manure or erop residues, such as corn stalks, straw,
and clover. Selling these products from the farm, burning them, or feeding
them and not returning the manure, or allowing a very large part of the manure
to be lost before it is returned to the land, all represent bad practice.

One of the chief sources of loss of organic matter in the corn belt is the
practice of burning the corn stalks. Could the farmers be made to realize how
great a loss this entails, they would certainly discontinue the practice. Probably
no form of organic matter acts more beneficially in producing good tilth than
corn stalks. It is true that they decay rather slowly, but it is also true that their
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durability in the soil after partial decomposition is exactly what is needed in
the maintenance of an adequate supply of humus.

The nitrogen in a ton of corn stalks is 114 times that in a ton of manure, and
a ton of dry corn stalks incorporated with the soil will ultimately furnish ag
much humus as 4 tons of average farm manure; but when burned, both the
humus-making material and the nitrogen which these stalks contain are de-
stroyed and lost to the soil.

The objection is often raised that when stalks are plowed under they inter-
fere very seriously in the cultivation of corn, and thus indirectly destroy a great
deal of corn. If corn stalks are well cut up and then turned under to a depth
of 514 to 6 inches when the ground is plowed in the spring, very little trouble
will result.

‘Where corn follows corn, the stalks, if not needed for feeding purposes,
should be thoroly cut up with a sharp disk or stalk cutter and turned under.
Likewise, the straw should be returned to the land in some practical way, either
directly or as manure. Clover should be one of the erops grown in the rotation,
and it should be plowed under directly or as manure instead of being sold as hay,
except when manure can be brought back.

It must be remembered, however, that in the feeding of hay, or straw, or
corn stalks, a great destruction of organic matter takes place, so that even if the
fresh manure were returned to the soil, there would still be a loss of 50 to 70
pereent owing to the destruction of organic matter by the animal. If manure is
allowed to lie in the farmyard for a few weeks or months, there is an additional
loss which amounts to from one-third to two-thirds of the manure recovered
from the animal. This is well shown by the results of an experiment conducted
by the Maryland Experiment Station, where 80 tons of manure were allowed to
lie for a year in the farmyard and at the end of that time but 27 tons remained,
entailing a loss of about 66 percent of the manure. Most of this loss oceurs
within the first three or four months, when fermentation, or ‘‘heating,’’ is most
aetive., Two tons of manure were exposed from April 29 to August 29, by the
Canadian Experiment Station at Ottawa. During these four months the organie
matter was reduced from 1,938 pounds to 6565 pounds. To obtain the greatest
value from the manure, it should be applied to the soil as soon as possible after
it is produeced.

It is a common practice in the corn belt to pasture the corn stalks during
the winter and often rather late in the spring after the frost is out of the
ground. This tramping of 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 to be planted. Whether the crop is ecorn or oats, it neces-
sarily suffers, and if the season is dry, much damage may result. If the field is
put in corn, a poor stand is likely to follow, and if put in oats, a compact soil is
formed which is unfavorable for their growth. Sometimes the soil is worked
when too wet. This also produces a partial puddling which is unfavorable to
physical, chemical, and biological processes. The bad effect will be greater if
cropping has reduced the organie matter below the amount necessary to maintain
good tilth.
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THIRTEEN YRARS' RESULTS WITH PHOSPHORUS ON THE UNIVERSITY OF ILLiNoig SoiL FXPERI-
MENT FIgip AT BLOOMINGTON, ON TH® TVPICAL PRAIRIE LAND OF THE
Irnivois CorRN BELT

Yield Yield | Increase | Value of

Year Crop grown without with for inecrease
phosphorus | phosphorus | phosphorus | per aecre

1002 [Cormy, bl vovviviiivi i iiiiiinan 37.0 41.7 4.7 $ 1.64
1903 (Corm, DU o viviiiii it 60.3 73.0 12.7 444
1904 [Oats, bu. oo 60.8 72.7 11.9 3.33
1905 (Wheat, bu. ..ot 28.8 39.2 10.4 7.28
1906 |Clover,tons ........civinnnvann.. 58 1.65 1.07 7.49
1907 {Corm, bu. ... vttt 63.1 82.1 19.0 6.65
1908 {Corn, bu. vvvvviiin i 35.3 47.5 12.2 4.27
1909 Oats, bu., ...t 53.6 63.8 10.2 2.86
1910 {Clover, tomns o vvveecereennennnennn 1.09 4.21 3.12 21.85
1911 Wheat, b oo, 22.5 57.6 35.1 24,58
1012 [Corn, bu. L.vin v ini i, 47.9 74.5 26.8 9.30
1943 1Corn, bu. ... it 30.0 441 141 4,93
1914 [Oats, bu. ...ttt ! 40.6 45.0 44 1.23

Total value of increase in thirteen FearS.....ceeev.vvtrerrererntnerinerennansennnns $99.85

Total cost of phosphorus in thirteen Years...........covvrvrrii i ereenrnesennsnn 32.50

Net profit in thirteen years........ciivuiiiiiiiiiiiiiiiiiiiiriinriinennnenenns $67.35

After the first year the phosphorus began to more than pay its annual cost;
and during the second five-year period the increase produced by the phosphorus
was worth almost as much as the total erops produced on the land not receiving
phosphorus. In later years the need of organic manures with phosphorus has
become apparent. (See pages 18 to 22 for more complete details.)
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