





INTRODUCTORY NOTE

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

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

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

‘While the authors must assume the responsibility for the presentation of
this report, it should be understood that the material for the report represents
the contribution of a considerable number of the present and former members
of the Agronomy Department working in their respective lines of soil mapping,
soil analysis, and experiment field investigation. In this connection special
recognition is due the late Professor J. G. Mosier, under whose direction the soil
survey of Morgan county was conducted, and Mr. F. W. Wascher, who as leader
of the field party, was in direct charge of the mapping.
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MORGAN COUNTY SOILS

By R. 8. SMITH, E. E. DETURK, F. C. BAUER a~p L. H. SMITH!

Morgan county is located in the west-central part of Illinois. Part of its
western boundary is formed by the Illinois river. The location of this county
along a water course which at one time carried an immense amount of sediment
has an important bearing on the character of the soils, as will appear later.

The climate of Morgan county is typieal of central Illinois. It is character-
ized by a wide range between the extremes of winter and summer and has an
abundant, usually well-distributed rainfall. The greatest range in temperature
for any one year for the twenty-five years from 1902 to 1927, as recorded at the
weather station at Alexander, Illinois, was 127 degrees, in 1914. The highest
temperature recorded was 108° in 1918; the lowest, 27° below zero, in 1905,
The average date of the last killing frost in spring was April 24; the earliest in
the fall, October 16. The average length of the growing season is 175 days.

The average annual rainfall, as recorded at Alexander for this 25-year
period, was 36.18 inches. The average rainfall by months for this period was
as follows: January, 1.72 inches; February, 1.51; March, 3.02; April, 3.54; May,
420; June, 5.02; July, 3.07; August, 4.02; September, 4.56; October, 2.66;
November, 2.06 ; December, 1.80.
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F16. 1.—AVERAGE MONTHLY DISTRIBUTION OF RAINFALL IN MORGAN COUNTY

It will be noted that the more abundant rainfall oceurs mainly during
the growing season which, of course, is favorable to crop production. The
relatively dry July favors the harvesting of grain but the wet June pre-
sents an obstacle to the gathering of hay.

!R. 8. Smith, in charge of soil survey mapping; E. E. DeTurk, m charge of soil analysis;
F. C. Bauer, in charge of experiment fields; L. H. Smith, in charge of publications.
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AGRICULTURAL PRODUCTION

Morgan county is agricultural in its interest, tho nearly 30 pereent of the
area of the county is too rough for ordinary farming. Aeccording to the United
States Census of Agriculture, 1925, there were 2,326 farms in the county, a de-
crease of 94 sinee 1920. About 40 percent of the farms were operated by tenants
in 1925.

The principal crops are those common to the corn belt, as shown by the
following figures for 1924.

Crops Acreage Production Yield per acre
Corn, total aercage.......ovoviiviinnneennn 109,084 ..., —
Harvested for grain.............coonn. 97,337 3,815,784 bu. 39.2 bu.
Cut for pilage. s s s s svow s s orew s s s 3w s 601 5,105 tons 8.49 tons
Cut for fodder.......oooviiniiiniinnn. 7,054 ..., -
Hogged off .. .. covviiriniiinininienn. 42092  .iiswes
VhEal ¢ s ms wo s mmn s v s o s ug s wee§ 5 6 s s 59,065 1,183,199 bu. 20.0 bu.
Oats threshed for grain..........covevunenn 25,149 1,023,108 bu. 40.7 bu.
Oats cut and fed unthreshed................. 4,424 ... wi v v
TEOIOTIY 5 ¢ 0 i v 3 wiave g % oomn o < womons w3 wompe s 4 wow w6 % v B,078 suiveews .
Timothy and clover mixed......cooovvvnunne. 4828  siseemes 8
Clover . v o v vivniie i iie it cisiinnossenennn 59556 ........
KIPOEG 4o & v s wosmm vv o mom o wvmw v i w2 i v 6 s 1,084 ssecenes w188
Hay of dll kmds, both tame and wild......... 21,130 24,430 tons 1.16 tons

These census figures are for but a single year. For the ten-year pericd 1916
to 1925 the U. 8. Department of Agriculture gives the average yield of corn as
38.8 bushels; oats, 34.3 bushels; winter wheat, 19.4 bushels; and tame hay,
1.37 tons.
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F16. 2.—RELATIVE ACREAGE oF FIELp CrOPS IN MoOrGAN COUNTY

The diagram brings out the preponderance of land devoted to the three
grain erops, corn, oats, and wheat. Legume crops might well oceupy a larger
proportion of the cultlvated acreage. (Data from the 1925 Census)

The following figures taken from the 1925 Census show the character of the
livestock interests in the county for the year 1924.

Animals and Animal Products Number Value
HOTSES « v i v vv i vii e iitr e eren et 11,159 $645,349
Mules + v w v mssamncssomeswos sswesssvssgavise 2,417 190,547
Cuattle (tobal)e s e s somsssonsssmsssmmss s sngss 23,202 904,564
Dairy CoWs . ..o vhiiiiiiin i e 4,942 e
Dairy pro@uets . ;oo vowsovvessmiess svnss woeon w5 g 326,560
BHECY @ 5. & e i 8 9 95510 7 4 50500 & & pyowae 3 o6 5 SSEEREENE RS 6,181 63,091
SWINEG . v vt v iii vttt e i 70,832 903,436
Chickens and eggs .............. g vy w5y ok gy 620,322

TWOOL .+ e v enmmn e e 14,798
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CATTLE ($904,564)

F1¢. 3.—RELATIVE VALUE OF THE MORE
IMPORTANT CLASSES OF FARM ANIMALS
IN MorGaN COUNTY

SWINE $903,436)

SHEE P$63,09!

HORSES ($645,349)

The value of horses and mules in Morgan county is about equal to that of
cattle or of swine. Sheep are of least importance.

SOIL FORMATION
GLACIATION

One of the most important periods in the geological history of the county,
from the standpoint of soil formation, was the Glacial period. During and im-
mediately following this remote period, the material that later formed the mineral
portion of the soils was being deposited. At that time snow and ice accumulated
in the region of Labrador and to the west of Hudson Bay to such an amount that
the mass pushed outward from these centers, ehiefly southward, until a region
was reached where the ice melted as rapidly as it advanced. In moving across
the country from the far north, the ice gathered up all sorts and sizes of material,
including clay, silt, sand, gravel, boulders, and even immense masses of rock.
Some of these materials were carried for hundreds of miles and rubbed against
surface rocks and against each other until largely ground into powder. When °
the ice sheet, or glacier, reached the limit of its advance, the rock material
carried by it accumulated along the front edge in a broad, undulating ridge or
moraine. With rapid melting, the terminus of the glacier receded, and the ma-
terial was deposited somewhat irregularly over the area previously covered.
The mixture of materials deposited by the glacier is known as boulder clay,
till, glacial drift, or simply drift. The average depth of this deposit over the
state of 1llinois is estimated at 115 feet.

Previous to the ice invasion this region was generally rough and hilly in
character. Morgan county was covered by the Illinoian glaciation. The general
effect of this glacier was to change the surface from hilly to gently undulating
by rubbing down the hills and filling the valleys. Only two small moraines were
formed in this county. They both occur just west of Jacksonville.
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Altho it did not touch the county, a later ice sheet, known as the Iowan,
played an important role in the formation of the soils. During the time when
the melting ice front of the Towan glacier lay to the north of the area now
comprizing Morgan county, immense volumes of water, heavily laden with fine
sediment, flowed from the ice. This water filled the drainage channels and
overflowed the adjacent lowlands, forming terraces. Following each flood state,
the water would recede and sediment which had been deposited would be picked
up by the wind and redeposited on the upland. This wind-blown deposit, known
as loess, is the material from which the upland soils of Morgan county are formed.

PHYSIOGRAPHY AND DRAINAGE

As shown by the accompanying drainage map, Morgan county is well pro-
vided with drainage channels which have cut back into the upland from Illinois
river. The divides are, for most part, flat or slightly undulating and the erosion

F55) SwaMP awo BoTToM Land
\\\\ Drep Loess Areas
"
14
[:J MippLE ILLivosaN GLACIATION N

F1¢. 4—DRAINAGE MAP OF MORGAN CoUNTY SHOWING STREAM COURSES AND OTHER
PHYSIOGRAPHIC FEATURES ’

slopes on either side of the creeks are steep. The portions of the county which
are occupied by the dark-colored soils contain much land which is so nearly level
that surface drainage is not good and underdrainage has to be depended on to
remove excess water.

SOIL DEVELOPMENT

During the time which has elapsed since the last ice invasion, weathering and
other processes have been active, resulting in the formation of the soils of the
county as we know them today. When first deposited, the general composition
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of any soil material, particularly loess, is rather uniform. With the passing of
time, however, various physical, chemical, and biological agencies of weathering
form soil out of the parent material by some or all of the following processes:
the leaching of certain elements, the accumulation of others; the chemical re-
duetion of certain compounds, the oxidation of others; the translocation of the
finer soil particles, and the arrangement of them into zones or horizons; and the
accumulation of organic material from the growth and decay of vegetable ma-
terial. One of the very pronounced characteristics observed in most soils is that
they are composed of more or less distinet strata, called horizons. As explained
somewhat more fully in the Appendix, these horizons are named, from the surface
down: A, which includes the surface and subsurface; B, the upper subsoil ; and
C, the lower subsoil. Bach of these horizons may be and usually is divided into
subdivisions; for example, the surface soil is designated as 4,, and the subsur-
face as 4,. In case there are subdivisions of the subsurface, each is designated
by A, so we have in certain soils an 4,, an 4,, and an 4,, all being above the B
horizon, or upper subsoil.

SOIL GROUPS

The soils of Morgan county have been divided into four groups, as follows:

Upland Prairie Soils, dark colored and usually rich in organic matter, the
organic matter having been derived from the decaying roots of the wild prairie
grasses which oecupied this land for thousands of years.

Upland Timber Soils, including those zones along stream courses over which
forests grew for a long period of time. These contain in general less organie
matter than the prairie soils.

Terrace Soils, including beneh lands and second bottoms formed by deposits
from flooded streams overloaded with sediment, perhaps at the time of the melting
of the glaciers.

Swamp and Bottom Lands, which include the large flood plain along Illinois
river and also the small flood plains along the creeks which provide drainage
for Morgan county.

Table 1 gives the list of soil types in Morgan county, the area of each in
square miles and in acres, and also the percentage of the total area. The accom-
panying colored map, shown in two sections, gives the location and boundary of
each soil type which has been mapped in the county.
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TaBLE 1.—So1rL Tyres oF MoraaN County, ILLINOIS

Soil Area in Area Percent
type Name of type square in of total

No. miles acres area

Upland Prairie Soils (200, 400)
igg} Brown Silt Loam?........................ 162.76 104 166 98.52
Zgg; Blitk Clity LOBIL: « 1+ s s se sssvessnsssnsn 58.53 37 459 10.26
220- 11| Black Silt Loam On Clay.................. 16.74 10 713 2.93
2.‘222} Brown-Gray Silt Loam On Tight Clay...... .27 174 .05
238.30 152 512 41.76
’ Upland Timber Soils (400, 800)
434 | Yellow-Gray Silt Loam................... 170.73 109 267 29.92
435 Yellow Silt Loam. . ....................... 80.20 51 328 14.03
874 | Yellow-Gray Fine Sandy Loam. ........... 5.68 3 635 1.00
875 | Yellow Fine Sandy Loam.................. 14.76 9 446 2.59
881 Dune Bandc:;:umeens0 6550 eo 50 g5 0 555084 2.30 1 472 .40
273.67 175 148 47.94
Terrace Soils (1500)
1534 | Yellow-Gray Silt Loam. .................. 6.92 4 429 1.21
1581 | DuneSand............coiiiiiiiinniinn.. .18 115 .03
7.10 4 544 1.24
Swamp and Bottom-Land Soils (1400)

1426 Brown Silt Loam......................... 3.26 2 087 .57
1420 | Black Clay Loam......................... 2.06 1 318 .36
1420.1| Sandy Black Clay Loam. ................. .30 192 .05
1415 DrabClay......coooiiiiiiiiiiiinnann. .47 301 .09
1460 | Brown Sandy Loam...................... 2.62 1 677 .46
1471 | Brown Fine Sandy Loam.................. 5.87 3 757 1.03
1479 | Yellowish Brown Fine Sandy Loam......... 3.01 1927 .53
1454 Mixed Loam. ......................cc0un.. 31.17 19 948 5.46
1428 | Brown-Gray Silt Loam On Tight Clay...... .15 96 .03
1468 | Brown-Gray Sandy Loam On Tight Clay ... .25 160 .04
1401 DeepPeat..... ..ot .02 13 .01
49.18 31 476 8.63
Water. .ot et 2.44 1 561 .43
Total. . ... .o . 570.69 365 241 100.00

Including associated types described in the text but not differentiated on the map.
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INVOICE OF THE ELEMENTS OF PLANT FOOD IN
MORGAN COUNTY SOILS
Three Depths Represented by Soil Samples
In the Illinois soil survey each soil type is sampled in the manner deseribed
below and subjected to chemical analysis in order to obtain a knowledge of its
important plant-food elements. Samples are taken, usually in sets of three, to
represent different strata in the top 40 inches of soil, namely:

1. An upper stratum extending from the surface to a depth of 624 inches, This stratum,
over the surface of an acre of the common kinds of soil, includes approximately 2
million pounds of dry soil.

2. A middle stratum extending from 634 to 20 inches, and including approximately 4
million pounds of dry soil to the acre.

3. A lower stratum extending from 20 to 40 inches, and including approximately 6 million
pounds of dry soil to the acre.

By this system of sampling we have represented separately three zones for
plant feeding. It is with the upper, or surface layer, that the following discus-
sion is mostly concerned, for it includes the soil that is ordinarily turned with
the plow and is the part with which the farm manure, limestone, phosphate, or
other fertilizing material is incorporated. Furthermore it is the only stratum
whose composition can be greatly changed by adding plant-food materials.

For convenience in making application of the chemical analyses, the results
presented in Tables 2, 3, and 4 are given in terms of pounds per acre. It is a
simple matter to convert these figures to a percentage basis in case one desires
to consider the information in that form. In ecomparing the composition of the
different strata, it must be kept in mind that it is based on different quantities of
soil, as indicated above. The figures for the middle and lower strata must there-
fore be divided by two and three respectively before being compared with each
other or with the figures for the upper stratum.

Wide Range in Organic Matter and Nitrogen

It can readily be seen from Table 2 that there is a wide variation among
the different soil types of Morgan county with respect to their content of the
different plant-food elements in the upper 624 inches of soil. There appears to
be but little relationship among these variations except with respect to organic
carbon and nitrogen, the quantities of which run parallel from type to type tho
the organic-carbon content is usually 10 to 12 times as great as the nitrogen.
This relationship between organic carbon and nitrogen is explained by the well-
established fact that all soil organic matter (of which organic carbon is the
measure) contains nitrogen and that most of the soil nitrogen—usually 98 per-
cent or more—is present in a state of organic combination, that is, as a part of
the organie matter. This relationship is also maintained in the middle and lower
sampling strata.

The upland soils of Morgan county vary in their content of organic matter
and nitrogen, the prairie soils being, for the most part, relatively high in these
constituents while the timber soils are fairly low. The bottom-land soils likewise
vary a great deal in their content of organic matter and of nitrogen. The soils
of this group as they occur in Morgan county are in general intermediate between
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the upland prairie and timber soils in these constituents. The smallest amounts
of both nitrogen and organie carbon, 1,220 and 16,240 pounds per acre respec-
tively, are found in Dune Sand, Terrace. However, a sample of the same type
taken in the upland was richer in these constituents than the other upland timber
types. This is decidedly better, in fact, than Dune Sand, as it usually occurs.

In sandy soils the rapid oxidation and easy drainage permitted by the open,
porous character of the soil result in rapid disappearance of organiec materials
added. For this reason frequent use of green manuring crops or farm manure
where available is particularly important, in order to maintain suitable conditions
for crop growth.

Nearly all of the soils of the county diminish rapidly in their content of
both organic matter and nitrogen with inereasing depth. This diminution is
usually noticeable in the second stratum, 624 to 20 inches.

Phosphorus High in Bottom-Land Types

The phosphorus content varies quite as widely as do organic matter and
nitrogen. The terrace Dune Sand is strikingly low, with only 580 pounds of
this element in 2 million pounds of surface soil. The same type in the upland
contains nearly twice as much, but as noted above, the upland Dune Sand in
Morgan county is decidedly above the average for this type as it usually occurs.
The bottom-land types run generally higher in this element than do most of the
upland types. However, two bottom-land types contain less than 1,000 pounds,
namely, Brown Sandy Loam and Brown-Gray Silt Loam On Tight Clay. On the
whole, soils which are very high in organic matter are usually somewhat high in
total phosphorus.

Phosphorus, in contrast with some other elements, is not appreciably re-
moved from the soil by leaching. It is eonverted by growing plants into organie
forms and tends to accumulate in the surface soil in plant residues at the expense
of underlying strata. Investigations at the Illinois Station have shown that in
Brown Silt Loam, for example, about 33 percent of the total phosphorus of the
surface soil is organie, and in Black Clay Loam about 37 percent. It is the
second stratum (634 to 20 inches) which furnishes most of the phosphorus thus
moved upward. Consequently in the majority of the soil types in Morgan county
the surface soil contains a larger proportion of phosphorus than the middle
stratum and, in some cases, more than the lower stratum.

, Sulfur Generally Well Supplied
While other elements are not so closely associated with each other as are
organic matter and nitrogen, there is some degree of correlation between sulfur,
another element used by growing plants, and organic carbon. This is because a
considerable tho varying proportion of the sulfur in the soil exists in the organie
form, that is, as a constituent of organie matter.

- Morgan county soils are only fairly well supplied with sulfur. It ranges,
in the surface soil, from a minimum of 80 pounds an acre in Dune Sand, Terrace,
up to 1,110 pounds in Black Clay Loam. The average in Morgan county soils is a
little more than half that of phosphorus.
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The sulfur content decreases with depth in nearly all cases, as may be seen
from a comparison of the figures in Tables 2, 3, and 4. This is to be expected
since, as stated above, a portion of the sulfur exists in combination with the
organic matter of the soil, and not only is the organiec matter more abundant in
the upper stratum, but also the organic forms of sulfur are held more tenaciously
against the leaching action of water than are the inorganic forms.

If growing crops were dependent entirely upon the sulfur contained in the
soil for their supply for growth, it would appear questionable from these analyses
whether there might be some need for added sulfur fertilizers.

The sulfur available to crops, however, depends not only on the soil supply,
but also on the amount brought down from the atmosphere by rain. Sulfur dioxid
escapes into the air in the gaseous produets from the burning of all kinds of fuel,
particularly coal. The gaseous sulfur dioxid is soluble in water and consequently
is dissolved out of the air by rain and brought to the earth. In regions of large
coal consumption, the amount of sulfur thus added to the soil is relatively large.
At Urbana during the eight-year period from 1917 to 1924 there was added to
the soil by the rainfall an average of 3.5 pounds of sulfur an acre a month. Simi-
lar observations have been made in other localities for shorter periods. The
precipitation at the various points in the state in a single month has been found
to vary from a minimum of three-fourths of a pound to more than 10 pounds
an acre.

These figures afford some idea of the amounts of sulfur added by rain and
also of the wide variations in amount under different conditions. Considering
the amounts which are brought down in rainfall in addition to the soil supply,
the facts would indicate that apparently there is little need for sulfur fertilizers
in Morgan county. In order to determine definitely the response of crops to
applications of sulfur fertilizers, experiments with gypsum have been started
on a number of experiment fields in different parts of the state.

Potassium Content Varies Thruout County

The potassium content of the various soil types also exhibits considerable
variation. Dune Sand is noticeably low, especially in the terrace, where it
amounts to only 11,580 pounds in the surface soil. Sand soils earry a large pro-
portion of their potassium in the sand grains. The relatively smaller surface
exposed in the case of these coarser soil particles greatly lowers the rate at which
potassium is dissolved and hence its availability. The deficiency of available
potassium in the sandy soils may be partly, if not wholly, offset by the greater
facility with which crop roots ecan penetrate soils of that character as compared
with the heavier types. In the other types the potassium content ranges from
17,560 pounds to 35,530 pounds per acre in the surface soil. These amounts
are somewhat below those frequently found in the same types as they oceur in
other counties. However, the total amount is so greatly in excess of crop re-
quirements that the matter of soil management for its liberation, such as good
rotations and green manuring, is probably of greater importance than potassium
fertilization. The potassium concentration shows practically no variation at
different depths.
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Calcium and Magnesium Vary Widely Within the Type

The variations in the amounts of calecium and magnesium present in the
soils of Morgan county are very wide. Only two of the types, Dune Sand, Ter-
race, and Brown Sandy Loam, Bottom, are particularly low in either of these
clements. In very acid soils it sometimes happens that the caleium present is
in such highly insoluble forms that it does not become available rapidly enough
for crop growth. The benefit realized from liming such soils may therefore be
due, not wholly to the correction of acidity, but probably in part to the fact
that the limestone supplies calecium as a plant-food element in a form which
rapidly becomes available.

Variations in the amounts of caleium and magnesium in the different depths
of those soils which do not contain native calcium carbonate furnish a clue as
to the translocations of these elements during the long period in which the dif-
ferent types were developing. In the surface stratum ecalecium exceeds mag-
nesium in most cases. This would indicate a larger pereentage of caleium than
of magnesium in the soil-forming materials. The idea is also in harmony with
geological evidence. In the second stratum we find the calcium concentration
about the same as in the surface, or slightly less, while an increase in magnesium
oceurs in the second stratum and becomes very pronounced in the lower.

‘ This situation may be explained by the fact that as these two elements are

dissolved from the surface soil, they are carried downward in solution. In the
downward movement the nature of magnesium causes it to be more rapidly re-
absorbed by the soil mass than calcium, tending to foree the caleium into the
solution to be carried farther down. Consequently, while magnesium begins to
accumulate in the middle stratum as well as the lower, the liberated calcium gen-
erally begins to accumulate in the third or at still greater depths or may be
washed away entirely. These movements of calcium and magnesium, as indi-
cated by the analyses of the different strata, constitute one factor in estimating
the relative maturity of the various soil types. The increasing proportion of
magnesium to caleium in the lower levels, as compared with the surface soil,
tends to be more pronounced in more fully developed or mature profiles. Thus
we see a correlation of this chemical characteristic of the soil with the processes
of its development.

Some of the ecalecium figures, as given in the tables, appear to be very erratic.
The very large amounts of caleium in some of the types are the result of the
presence of finely divided native calcium carbonate (limestone) in some or all
of the samples of such types. Sometimes calcium carbonate is present in the
surface stratum, and when this is the case it will be found also in the underlying
layers. An example is the Dune Sand, Upland, which is in sharp contrast to
the same type as sampled in the terrace, where it is acid to the full depth
sampled. TIn the calcareous Dune Sand we have 134,100 pounds of calcium in
an acre of surface soil, 284,840 pounds in the middle stratum and 528,180 pounds
in the lower. In the acid areas of Dune Sand the amounts of calcium in the
three layers are only 5,180 pounds, 9,120 pounds and 15,720 pounds, respectively.
Calcium carbonate is readily soluble in the soil water and as it is removed by
leaching it disappears from the surface soil first. Thus soils are frequently en-
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countered which contain calcium carbonate in the deeper levels even tho the
surface soil is acid. This is the case in Yellow Silt Loam. Here the surface
soil is acid, yet it contains 13,800 pounds of total ealcium. The second stratum
still contains some of its calcium earbonate and therefore has not yet become acid.
The caleium content is 89,880 pounds. The lower stratum is still heavily charged
with caleium carbonate and contains 249,480 pounds of calcium in 6 million
pounds of soil, which after converting to the 2 million pound basis for comparison
. with the surface stratum is found to be more than six times as concentrated.
Some increase in total magnesium ordinarily accompanies the high caleium
of the carbonate-containing soils. The increases are not great, however, because
of the inability of magnesium to persist in the soil in the form of carbonate.
The carbonate of carbonate-containing soils is chiefly that of calcium.

Local Tests for Soil Acidity Often Required

It is impracticable to attempt to obtain an average quantitative measure
of the calcium carbonate or acidity present in a given soil type because, while
some samples may contain large amounts of ealeium earbonate, others may con-
tain none, or may actually have a lime-requirement due to soil acidity. We
thus have what might be considered positive and negative values ranging, per-
haps widely, on the opposite sides of the zero or neutral point, the numerical
average of which could have no significance whatever, since such an average
would not necessarily even approach the condition actually existing in a given
farm or field. Tt is for this reason that the tables contain no figures purporting
to represent either the lime requirement or the limestone present in the different
soil types. .

The qualitative field tests made in the process of the soil survey are much
more numerous than the chemiecal analyses made in the laboratory, and do give
a general idea of the predominating condition in the various types as to acidity
or alkalinity. These tests, therefore, furnish the basis for some general recom-
mendations, which are given in the descriptions of individual types on pages 15
to 24.  To have a sound basis for the application of limestone the owner or op-
erator of a farm must in many cases determine individually the lime require-
ments of his different fields. The section in the Appendix dealing with the ap-
plication of limestone (page 33) is pertinent and should be read in this
connection.

Supplies of Different Elements Not Proportional to Crop Removal

In the foregoing discussion we have considered mainly the amounts of the
plant-food elements in the surface 624 inches of soil, and rather briefly the
relative amounts in the two lower strata. We have noted that some of the ele-
ments of plant-food exhibit no consistent change in amount with inecreasing
depth. Other elements show more or less marked variation at the different
levels, the trend of these variations serving in some cases as clues to the relative

maturity of different types and the processes involved in their development.
- By adding together the figures for all three strata, as given in Tables 2, 3,
and 4, we have an approximate invoice of the total plant-food elements within
the feeding range of most of our field erops, since the major portion of their
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TaBLE 2—MORGAN COUNTY SOILS: Prant-Foop ELEMENTS IN UPPER SAMPLING
StraTUM, ABOUT 0 TO 624 INCHES

Average pounds per acre in 2 million pounds of soil

Soil . Total | Total | Total Total | Total
type Soil type organie | nitro- | phos- ;ICSFSII‘ potas- |magne- c'aazti;ﬁin
No. carbon| gen |phorus sium | sium
Upland Prairie Soils (200, 400)
igg} Brown Silt Loam............ 59 310 4 770 970| s10| 19 740| 7 190| 10 120
igg} Black Clay Loam. ........... 71 400| 6 190| 1 480 1 110| 18 070, 11 760! 17 930
igg}} Black Silt Loam On Clay.....| 69 020] 5 070 990| 760, 18 000| 8 300/ 20 910
Zgg} Brown-Gray Silt Loam On
Tight Clay!............... 30 490 2 700 680 (%) | 35 530; 5 320{ 8 630
Upland Timber Soils (400, 800)
434 Yellow-Gray Silt Loam. ...... 31 690; 3 100 750 570| 21 200| 5 470/ 7 050
435 Yellow Silt Loam............ 21 740 1 880 1 140 360] 23 300 5 880] 13 800
874 Yellow-Gray Fine Sandy Loam| 21 640 2 220| 540, 120| 20 220| 4 040] 10 220
875 Yellow Fine Sandy Loam..... 18 160] 1 940| 1 240 440| 23 380 7 920 16 600
881 Dune Sand. ...... T 36 660 3 680 920 640| 16 500| 59 980|134 100
Terrace Soils (1500)
1534 Yellow-Gray Silt Loam®. . ....|.....c|eeeee]ereoce]oviaed]ornnnn. \ ..............
1581 DuneSand................. I 16 240{ 1 220 580 80! 11 580, 1 760] 5 180
Swamp and Bottom-Land Soils (1400) i
1426 Brown Silt Loam............ 47 540 3 360| 1 660 660] 21 280; 8 300 17 800
1420 Black Clay Loam............ 51 380 4 500; 1 240 800| 18 220 7 880| 22 120
1420.1 | Sandy Black Clay Loam. .. .. 50 280| 4 340} 1 300, 680| 18 820 5 780| 14 420
1415 DrabClay.................. 47 920f 4 260] 1 660 980| 21 960/ 8 320{ 11 960
1460 Brown Sandy Loam.......... 20 360| 1 640, 800, 340| 17 560 2 820; 5 600
1471 Brown Fine Sandy Loam.. ... 43 880| 3 400| 1 600| 540 21 300 5 680 10 560
1479 Yellowish Brown Fine Sandy
Loam......cooovvivvvnnn. 28 700| 2 320 1 100 720 21 700{ 4 320{ 6 060
1454 Mixed Loam®. . .....ooivyiifineaneonnnnforeai]ornefonnnnee]innennd]ieanans
1428 Brown-Gray Silt Loam On
Tight Clay............... 37 980{ 3 360 880 360| 22 740[ 4 820 10 020
1468 Brown-Gray Sandy Loam On
Tight Clay............... 54 920} 5 720 1 420 700| 21 040 9 100 18 700
1401 Deep PeatP, ...o0vsmmevarmeeliinssislsessssloesssstissmon]onsvnvefoniwoselnvunoes

LIMESTONE and SOIL ACIDITY.—In connection with these tabulated data, it should be
explained that the figures for limestone content and soil acidity are omitted not because of any
lack of importance of these factors, but rather because of the peculiar difficulty of presenting in
the form of general numerical averages reliable information concerning the imestone require-
ment for a given soil type. A general statement, however, will be found concerning the lime
requirement of the respective soil types in connection with the discussions which follow.

1Samples from an adjoining county were used in these averages. 2Sulfur analysis not avail-
able. 3See data for soil type No. 434. *On account of the heterogeneous character of Mixed Loam,
chemical analyses are not included for this type. 5This type was not sampled.

feeding range is included in the upper 40 inches. One of the most striking
facts brought out of this consideration of the data is the great variation within
a given soil type in the relative abundance of the various elements present as
compared with the amounts removed by crops. In one of the important types
in the county, Brown Silt Loam, Upland, we find that the total quantity of
nitrogen in all three strata is 18,070 pounds. This is about the amount of
nitrogen contained in the same number of bushels of corn. The amount of
phosphorus is a little over one-fourth as much, or 4,760 pounds, but this amount
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TaBLe 3.—MORGAN COUNTY SOILS: Prant-Foop ELEMENTS IN MIDDLE SAMPLING
StraTUM, ABOUT 624 To 20 INCHES

Average pounds per acre in 4 million pounds of soil

Soil Total | Total | Total | Total | Total | Total | Total
type Soil type organic | nitro- | phos- | sulfur | potas- |magne- | calcium
No. carbon | gen |phorus sium | sium
Upland Prairie Soils (200, 400)
Zgg} Brown Silt Loam............ 90 910{ 7 720 1 670| 1 480| 38 910 18 250| 26 590
Zgg} Black Clay Loam............ 99 430 & 560| 2 590 1 840| 36 110| 22 670! 36 130
igg{} Black Silt Loam On Clay. ....| 91 020| 6 860/ 1 740/ 1 380| 35 440| 18 900| 30 200
Zgg} Brown-Gray Silt Loam On
Tight Clay'............... 31 680 2 760 1 120 (%) | 70 660] 15 180| 16 880
Upland Timber Soils (400, 800)
434 Yellow-Gray Silt Loam?......| 39 510| 4 200| 1 390 850| 42 040( 15 040{ 12 920
435 Yellow Silt Loam............ 18 160| 1 680| 2 360 440| 44 080| 50 720| 89 880
874 Yellow-Gray Fine Sandy Loam| 28 080 3 000 800 160| 41 360| 15 800| 17 320
875 Yellow Fine Sandy Loam. ... . 18 520| 2 200| 2 400 160| 46 960| 23 680| 48 040
881 DuneSand................. 53 120; 5 120 1 480] 1 280| 33 160| 52 920|284 840
Terrace Soils (1500)

1534 Yellow-Gray Silt Loam3, . ... .10 oo fovnee o edoeeedoneeeei]evannns
1581 DuneSand................. 19 200] 1 040| 1 160 280} 23 000 4 520/ 9 120
Swamp and Bottom-Land Soils (1400)

1426 Brown Silt Loam............ 69 920| 4 360, 2 640 600, 42 360; 13 920 24 360
1420 Black Clay Loam............ 72 040| 5 840/ 1 960 1 200 37 280| 18 440| 32 200
1420.1 | Sandy Black Clay Loam. ... .. 69 560{ 6 120| 2 240 1 000| 38 240 19 320| 31 760
1415 DrabClay.................. 84 560| 7 840] 3 400 1 560| 43 640 18 280| 31 640
1460 Brown Sandy Loam.......... 38 880/ 3 600/ 1 320 400 37 440/ 6 640/ 6 720
1471 Brown Fine Sandy Loam.. ... 82 280 6 520| 3 240 1 000; 43 680 9 600| 17 040

1479 Yellowish Brown Fine Sandy

Tioame: . sovsomsiisnsvsnsss 57 320| 4 720| 2 280 1 000 43 680 5 400| 13 920
1454 Mixed Loam® . .covssssoisielisisonilsaniss|oseans|sonesiloeysseilss veisalevsamEs
1428 Brown-Gray Silt Loam On

Tight Clay. .......:...... 42 080j 3 160 920{ 200| 44 120; 10 560 16 800
1468 Brown-Gray Sandy Loam On

Tight Clay............. 52 760 4 880 2 600 400| 40 560; 15 160| 39 840
1401 T 1 L O ) S PR, T ——,

LIMESTONE and SOIL ACIDITY.—See note in Table 2

ISamples from an adjoining county were used in these averages. ZSulfur analyses not avail-
able. 3See data for soil type No. 434. “On account of the heterogeneous character of Mixed
Loam, chemical analyses are not included for this type. 5This type was not sampled.

is equivalent to the phosphorus in about 50 percent more corn, namely, 28,000
bushels. In the surface stratum, however, which is the zone of most intensive
crop feeding, we find the relative amounts of nitrogen and phosphorus more
nearly in accord with the rate of removal of these elements by erops. Here the
nitrogen is equivalent to 4,770 bushels of corn, and the phosphorus to 5,700
bushels.

Other types show marked contrast to the Brown Silt Loam, just discussed,
with respect to total supply in relation to rate of removal by crops. However,
in most soils except those which are peaty, phosphorus is more abundant than
nitrogen when considered in terms of erop equivalents rather than the actual
number of pounds per acre of the respective elements.
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TasrLe 4—MORGAN COUNTY SOILS: Prant-Foop ELeMENTS IN LOWER SAMPLING
StrATA, ABOUT 20 T0 40 INCHES

Average pounds per acre in 6 million pounds of soil

Soil . Total | Total | Total Total | Total
type Soil type organic | nitro- | phos- ;Iﬁftsxlﬂ potas- {magne- c’aljl?:ﬁlm
No. carbon | gen |phorus sium | sium
Upland Prairie Soils (200, 400)
Zgg} Brown Silt Loam............ 58 860| 5 580| 2 120| 1 280| 61 120 31 720| 33 100
gg} Black Clay Loam............ 54 750 4 580] 3 060 1 220| 55 060 39 860| 69 180
zgg%} Black Silt Loam On Clay.....| 47 220 4 140| 2 640 1 440| 54 000| 35 340| 46 230
228} Brown-Gray Silt Loam On
428 Tight Clay!. .. ............ 37 110{ 3 720| 2 490 (& | 97 650, 36 810| 33 000
. Upland Timber Soils (400, 800)
434 Yellow-Gray Silt Loam.......] 37 980] 3 960/ 2 600/ 1 300] 63 320 30 020 17 300
435 Yellow Silt Loam............ 21 000 1 320; 3 660 240| 61 800127 380|249 480
874 Yellow-Gray Fine Sandy Loam| 35 280 3 960| 1 920 300| 61 020 48 000; 57 900
875 Yellow Fine Sandy Loam. ... . 26 640, 1 500 3 120 240) 71 940| 29 100 60 660
881 DuneSand................. 28 200 4 020} 2 340] 1 260] 46 200| 31 680;528 180
Terrace Soils (1500)
1534 Yellow-Gray Silt Loam?3. . ... .0..... .. ). oo feve]oeiidoneon oot
1581 DuneSand................. 18 600| 2 520] 1 560 1801 34 500 (4 800! 15 720
Swamp and Bottom-Land Soils (1400)
1426 Brown Silt Loam............ 59 220/ 3 060| 3 840 720] 62 160] 22 440] 34 320
1420 Black Clay Loam............{ 57 300| 4 500 2 340! 1 320{ 60 720| 32 520| 42 300
1420.1 | Sandy Black Clay Loam. . ... 59 220| 5 460| 2 520 720/ 56 580 30 540| 46 920
1415 DrabClay.................. 95 340| 9 420| 4 440| 1 620, 65 640; 26 160| 45 360
1460 Brown Sandy Loam.......... 43 080| 3 720| 1 800 1 080] 56 520} 14 460 11 520
1471 Brown Fine Sandy Loam.. ... 71 460| 5 580 4 440 900| 68 580! 17 700{ 39 240
1479 Yellowish Brown Fine Sandy
Loam.................... 78 960! 5 580| 3 240 1 680| 66 060| 29 760; 56 700
1454 Mixed Loam?, ...........ooloveediionioeniioenei]ooieiorinenddonn
1428 Brown-Gray Silt Loam On
Tight Clay............... 42 480 3 000{ 3 600 240; 64 500| 19 380| 24 960
1468 Brown-Gray Sandy Loam On
Tight Clag, o s cosvsassssos 46 140{ 3 600| 7 260| 1 080 62 880| 15 840| 24 060
1401 DeepPeats..........ccoovloec oo oeeid ool a e

LIMESTONE and SOIL ACIDITY.—See note in Table 2.

1ISamples from an adjoining county were used in these averages. 2Sulfur analysis not avail-
able. 3See data for soil type No. 434. 4On account of the heterogeneous character of Mixed
Loam, chemical analyses are not included for this type. 5This type was not sampled.

The 120,000 pounds of potassium present in Brown Silt Loam is equivalent
to the amount of this element which is contained in over a half million bushels
of corn.

Practical Value and Limitations of Soil Analyses

The foregoing discussion should not be taken to mean that it is possible to
predict how long any certain soil could be cropped under a given system before
it would become exhausted. Nor do the figures alone indicate the immediate
procedure to be followed in the improvement of a soil. It must be kept in mind
that the amount of plant-food shown to be present is not the sole measure of the
ability of a soil to produce erops. The rafe at which these elements are lib-
erated from insoluble forms and converted to forms that can be used by growing
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plants is a matter of at least equal importance (as explained on page 31), and
is not necessarily proportional to the total stocks present. One must know,
therefore, how to cope with the peculiarities of a given soil type, if he is to secure
the full benefit from its stores of the plant-food elements. In addition there
are always economic factors that must be taken into consideration, since it is
necessary for one to decide at how high a level of productive capacity he can best
afford to maintain his soil.

The chemical soil analysis made in connection with the soil survey is seen
to be of value chiefly in two ways. In the first place it reveals at once outstand-
ing deficiencies or other chemical characteristics which alone would affeet its
productivity to a marked extent, or point the way to corrective measures. It
should be borne in mind, however, that fairly wide departures from the usual
are necessary before the chemical analysis alone can be followed as a guide in
practice without supplementary information from other sources. As examples
of the direct use of the results of chemical investigations may be mentioned the
following cases: the marked shortage of potassium in peat soils associated
with the need for potassium fertilizers, and the determination of the lime need
of soils by chemical tests. It is quite probable that the results of chemical soil
analyses are frequently misused by attempting to interpret small differences in
the amount of a certain plant-food element as indicative of similar differences
in the fertilizer need. For example, differences of 100 or 200 pounds of
phosphorus per acre in soils containing 1,000 pounds or thereabout should not
be considered as of any agricultural significance. Again, the addition of 100
pounds of active nitrogen made by plowing down a clover erop may be of more
importance to the succeeding crop than a difference in soil ecomposition of 1,000
pounds of nitrogen.

The second funection of soil analysis is to aid in the scientifiec study of soils
from many angles, the ultimate aim of which is, of course, the more economical
utilization of the soil for efficient erop production. Not only do chemical studies
aid in determining the processes involved in soil development under natural con-
ditions, but also in determining the effeets of different soil management and
fertilizing practices upon the soil and upon the utilization by crops of the plant-
food elements involved.

DESCRIPTION OF SOIL TYPES

UPLAND PRAIRIE SOILS

The upland prairie soils of Morgan county occupy 238.30 square miles, or
somewhat less than half the upland area of the county. These soils are uni-
formly dark in color. There is, however, considerable difference in the color,
not only of the various types, but within types, particularly in the case of Brown
Silt Loam. The dark eolor of the prairie soils is due to an accumulation of
organic matter from the fibrous roots of the prairie grasses that grew on this
land for centuries. A covering of fine soil and a mat of vegetative material by
partially excluding the oxygen protected these roots from rapid and complete
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decay. From time to time the mat of old grass stems and leaves was partially
destroyed by prairie fires and decay, but it was constantly being renewed, and
while it added but little organic matter to the soil directly, it served to retard
the decay.

The upland prairie soils in this county include some areas of recent timber
growth, where certain kinds of trees have spread over the prairie, but this for-
estation has not been of sufficient duration to produce the characteristie timber
soils. These areas of greater or less width are found along the border of most
timber tracts and also on the morainal ridges near Jacksonville.

Brown Silt Loam (226, 426)

Brown Silt Loam, as mapped in Morgan county, occupies 162,76 square
miles. It varies in character depending on topography, and would now be sep-
arated into at least three types. Each of these differs from the other in character
of soil profile, in agricultural value, and in treatment and fertilizer requirements.
In the following discussion these types, even tho not shown on the map, are de-
seribed in such a way that it should not be diffieult to recognize each one in
the field.

1. Light Brown Silt Loam. This prairie type occurs on areas where the
surface drainage is good or even excessive. It has a light brown or even yellowish
brown surface, or A, horizon. Below the surface horizon, which is usually about
7 inches thick, the material is distinctly yellowish brown and is very friable and
permeable. The subsoil, or B horizon, is not easily distinguished because of the
absence of much clay accumulation and its consequent friability. It differs,
however, from the subsurface, or A, horizon, immediately above it in being
somewhat less friable, finer in texture, and slightly reddish yellow in color.
Other differences, which need not be deseribed here, also help in distinguishing
it. Immediately below this subsoil layer, usually at a depth of about 36 inches,
the material is very friable and permeable again and is more of a pale yellow in
color. The outstanding feature which characterizes this type, as contrasted to
the other two about to be described, is its permeability thruout the entire section.
This characteristic, together with its topographic position, gives it perfect sur-
face drainage and underdrainage, thus allowing deep root penetration.

Monagement—Care must be exercised in farming this type to prevent
erosion. Much of the surface material is easily carried off in the form of little-
noticed sheet erosion. This soil is not high in organie matter, as its color shows,
and therefore is lower in nitrogen than the darker soils. It is medium acid and
requires about 3 tons, and in some ecases 4 tons, of limestone an acre for alfalfa
or sweet clover. The best information available on the treatment of this type
comes from the Mt. Morris and Dixon experiment fields which are located in part
on Light-Brown Silt Loam. The results from these fields show a very marked
response to manure. Where limestone was applied in addition to manure, a
further increase was secured which was sufficiently large to pay a good profit on
the cost of the limestone. Another treatment which has given very good in-
creases is residues and limestone used in combination. Potash has not increased
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the yields sufficiently to justify its use. Rock phosphate has not been effective
in either the manure or residues systems and its use on this soil cannot be ad-
vised on the basis of present information. The reader is asked to turn to
pages 44 and 46 for the summarized yields on the Mt. Morris and Dixon fields.

2. Brown Silt Loam. This type occupies intermediate topographic posi-
tions. It occurs neither on the flat areas nor on the very well-drained slopes.
The surface, or 4, horizon, is darker colored and usually thicker than that of the
preceding type, Light Brown Silt Loam; the yellow color of the subsurface, or
A, horizon, is not so pronounced; and the subsoil, ot B horizon, is heavier, less
friahle, and of a different color. Other differences which are chiefly of technical
interest may be omitted here.

Management—Brown Silt Loam is somewhat less acid than Light Brown
Silt Loam but requires limestone to grow alfalfa, sweet clover, or the best red
clover. It was originally well supplied with organic matter and has been subject
to but little loss of soil material thru erosion. The Kewanee experiment field
is located, for the most part, on this soil type. A description of the work on this
field, including the experimental data, will be found on page 48. Unfortunately
the Kewanee field has several draws crossing the plots, which are a much heavier
soil, so that the results from the field ecannot be applied to Brown Silt Loam with
as much confidence as would otherwise be the case. It is almost certainly true,
however, that the presence of the heavier type on the Kewanee field has the
effect of diminishing the increases due to treatment, This field shows very good
results for manure on corn and oats, but less effect on wheat. Limestone has
given profitable increases, particularly in the residues system. Rock phosphate
has produced a profitable return in the residues system but has failed to pay for
its cost in the manure system. A comparison of rock and superphosphate (acid
phosphate) on the Kewanee field, which has been in progress too short a time to
allow final eonclusions, suggests that better results might be secured on this soil
type with superphosphate than with roek phosphate. The need for some form
of phosphate is also indicated by the results from the Bloomington field (see
page 50), which is located in part on this soil type.

The only concrete suggestion for the fertilization of this soil type which can
be made at the present time is that if manure is not available one of the phos-
phates be applied for wheat after taking care of the nitrogen needs by growing
legumes.

3. Brown Silt Loam On Clay. This type occupies the nearly level or only
gently sloping areas of the upland prairie. Its occurrence should not be con-
fused with the occurrence of the other dark-colored types deseribed below. It is
characterized by a dark brown surface soil, or 4, horizon, which is usually 9 or 10
inches thick. The subsurface, or 4, horizon, is often darker and heavier than the
surface and breaks into well-defined granules. The subsoil, or B horizon, occurs
at a depth of about 18 inches and is heavy and fairly plastic. The angular
granules in the upper portion of this horizon are coated with black and in the
lower portion with drab. At a depth of about 38 inches the color becomes gray
or drab and there are numerous reddish yellow spots present.
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Management.—This type is either not acid or only slightly so. The sub-
soil, while more compact and plastic than that of either of the preceding types
discussed, drains well with tile. The Aledo experiment field is located on Brown
Silt Loam On Clay, and the results from this field may be used as a guide in the
treatment of this soil type in Morgan county. Manure has given very good
returns on this fleld. Limestone is showing more benefit than it did at first
and without it sweet clover has failed to grow. It is advisable, however, on this
soil type to make the test for soil acidity before applying limestone. Kspecially
is this important in preparing for alfalfa and sweet clover, for there are portions
of the type on which these crops will not grow without liming. Rock phosphate
has not caused increases in yield on the manure plots. On the residues plots
some increases have followed its use, but with present information as a basis the
use of this material on this soil ecannot be advised at this time. Phosphate com-
parisons have been in progress on the Aledo field since 1916, and the reader is
asked to turn to page 54 and make a study of the results there discussed, as an
aid in solving his phosphate problem on Brown Silt Loam On Clay.

Black Clay Loam (220, 420)

Black Clay Loam is well distributed thruout the dark-soil portions of
Morgan county, occupying, all told, nearly 60 square miles. This type is now
recognized as made up of two or more types. The several types, however, can-
not be easily recognized in the field in spite of the fact that soil differences are
associated with topographic differences. The difference in topography between
the flat and slightly undulating areas is often so small as to be unnoticed unless
attention is called to it. No distinetion is made on the map, and a generalized
description only ean be written for the reason noted above. The surface, or 4,
horizon, is black and heavy and is about 9 inches thick. Below this, to a depth
of 16 to 18 inches, the material is drabbish black and is usually heavier than the
surface. The subsoil, or B horizon, varies in color, plastieity, and other features,
depending on which type, as now recognized, is present. In any event it is of
such nature that it underdrains satisfactorily.

Management—The type as mapped varies in lime requirement. The flat.
nearly level areas will grow good sweet clover without lime, while the slightly
undulating portions require 1 to 2 tons an acre. Particular attention is called
to the slight difference in topography, not readily discernible, which is associated
with this difference in lime requirement.

Black Clay Loam is a productive soil and needs no treatment other than
limestone, as above noted, and fresh organie matter to help keep it in good
physical condition. The reader is asked to turn to page 59, where the results
and discussion of the Hartsburg experiment field, which is located on this soil
type, will be found.

Black Silt Loam On Clay (225.1, 425.1)
Black Silt Lloam On Clay occurs thruout the dark-soil portions of Morgan

county in association with Black Clay Loam. It differs from the latter type
chiefly in having a silty surface, or 4, horizon, as a result of its topographie



MorGAN COUNTY 19

position, which is such as to subjeet it to the deposition of sediment. It is a
highly produective soil when well drained and is somewhat easier to work than
Black Clay Loam. It occupies a total of nearly 17 square miles in Morgan
county and is of considerable agricultural importance even tho of relatively
small total area.

Management.—The management recommended for this type is the same as
that described for Black Clay Loam, with the exception that rarely, if ever, is
limestone needed for good sweet-clover growth. Alkali oceurs infrequently on
this soil. In places where it is sufficiently concentrated to be harmful, the bad
effects may be overcome by the use of potash and the condition slowly improved
by good underdrainage.

Brown-Gray Silt Loam On Tight Clay (228, 428)

Brown-Gray Silt Loam On Tight Clay, Upland, is of little importance in
Morgan county because of its small total area. Slightly over 170 acres is all that
is found and practically all of it oceurs in a few small areas in the southeastern
corner of the county. It is characterized by a grayish-brown surface soil, or 4,
horizon, a gray subsurface, or A, horizon, and a very plastic impervious sub-
soil, or B horizon.

Management.—This type requires from 2 to 4 tons of limestone an acre for
sweet clover, except on spots, of varying size, where lime is present in abundance.
These spots are locally known as ‘‘slick spots’’ or ‘‘scald spots,”” and no lime
should be applied to them without the advice of the farm adviser or the Experi-
ment Station. Drainage must be taken care of on this soil thru furrows and
open ditches. Further suggestions for the management of this soil may be had
from the farm adviser or by correspondence with the Agricultural Experiment
Station.

UPLAND TIMBER SOILS

The upland timber soils in Morgan county exceed in area the upland prairie
soils. They occur adjacent to the streams, presumably because, with the de-
velopment of natural drainage, conditions became favorable for tree growth.
That is to say, forests invaded the prairie as the streams cut their way back by
headwater erosion and furnished drainage for the intermittent swamps, which
were common. These soils are yellowish gray in color, indicating a deficiency
in organic matter. This deficiency results from conditions produced as the
forests invaded the prairies. The shade of the trees prevented the growth of
grasses, the roots of which are mainly responsible for the large amount of or-
ganic matter in the prairie soils, and the trees themselves added very little
organic matter to the soil, for the leaves and branches either decayed or were
destroyed by forest fires.

Yellow-Gray Silt Loam (434)
Yellow-Gray Silt Loam is the most extensive type in Morgan county, aggre-

gating a total of about 171 square miles. It is now recognized that the type as
mapped in Morgan county inecludes three types each of which is definitely cor-
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related with topography. No. 1 occurs on flat, practically level areas; No. 2
on areas of an intermediate or gentle slope; No. 3 on slopes that are very pro-
nounced but which are not sufficiently steep to be classed with eroded land.

Type No. 1, which occurs on the nearly level areas has a gray or slightly
brownish gray surface soil, or 4, horizon, an ashy gray or almost white sub-
surface, or A, horizon, and a subsoil, or B horizon, which is so plastic and eom-
pact as to be only slowly permeable to water. The subsoil is perhaps sufficiently
impervious to be called ‘‘tight clay,’”” but this soil should not be confused with
the light-colored tight-clay soils which occur farther south in the state.

Management—The level areas of Yellow-Gray Silt Loam are strongly acid
and low in nitrogen and organic matter. The greatest difficulty encountered in
the improvement of this soil is its poor surface drainage and underdrainage.
Tile do not draw well because of the nature of the subsoil, and excess water
must therefore be taken care of by means of open ditches and furrows. This is
sometimes difficult to accomplish because of the nearly level topography. Sweet
clover does well on this soil following the application of 8 or 4 tons of limestone
an acre. Satisfactory corn crops can be grown following sweet clover, except
during seasons which are climatically unfavorable, and small grain may be
grown following the corn. This soil is probably best adapted to hay, but in
any event limestone must be applied for satisfactory results.

Type No. 2, constituting the undulating portions of Yellow-Gray Silt
Loam, is made up of a soil very different from that on the level areas described
above. The surface, or A, horizon, has a distinetly yellowish cast, the subsurface,
or A, horizon, is a drabbish gray, never ashy, and the subsoil, or B horizon, is
not impervious tho it is compaet. Surface drainage and underdrainage are both
good on this soil.

Management.—This soil is somewhat less acid than No. 1, but it is nearly as
deficient in nitrogen and organic matter. Detailed tests should be made to de-
termine the exact amount of limestone necessary, and following its application
sweet clover should be grown in preparation for corn and the small grains. No
information is available from experiment fields as to the treatment of this soil.
There appears to be no question but that the application of limestone and the
growing of sweet clover should be the first step in its improvement. Following
this, it is suggested that superphosphate (acid phosphate) be applied for wheat.
Rock phosphate may be used instead of superphosphate, tho which would be
the more economical cannot be stated without accurate experimental evidence.

Type No. 3, on the rolling portions of Yellow-Gray Silt Loam, is much less
extensive than the undulating type deseribed above. This soil has good under-
drainage, and the slopes are steep enough to allow such rapid runoff as to be
harmful unless precautions are taken to control it. The surface soil, or 4, hori-
zon, is shallow, rarely exceeding 6 or 7 inches in depth. It contains less gray and
more yellow and red material than the more level-lying types. The subsurface,
or A, horizon, is distinetly gray but frequently is only a very thin layer and is
never white and ashy. The subsoil, or B horizon, is non-plastic but may be
compact. It is dull briek red in color on the best drained areas.
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Management.—This soil is deficient in organic matter, is acid, and requires
careful handling to reduce erosion to the minimum. It is a good fruit seil and
is well adapted to alfalfa following the application, of limestone. The amount
of limestone needed varies, but probably is never less than 2 tons an acre for
sweet-clover or alfalfa. Detailed tests should be made of each field before
liming. It is questionable whether any treatment other than the application
of limestone and the growing of sweet-clover should be attempted on this soil.

Yellow Silt Loam (435)

Yellow Silt Loam is extensively developed in Morgan county, occupying a
total of 80 square miles. Much of it is unsuited to general farming because of
its steep topography. Erosion is active, and surface, subsurface, and subsoil
horizons therefore have not usually been developed. However, where there has
been sufficient protection to greatly retard the rate of erosion, a shallow surface
soil has formed.

Management.—Yellow Silt Loam should, for the most part, be used for per-
manent pasture, orchard, or timber. There are areas having a slope sufficiently
gentle to be farmed successfully if care is taken to reduce erosion to the minimum.
A very good use to make of the less-steep slopes is to seed alfalfa after applying
limestone. If the alfalfa is preceded by sweet clover, little difficulty should be
encountered in getting a stand. See Vienna Field experiments, page 60.

Yellow-Gray Fine Sandy Loam (874)

Yellow-Gray Fine Sandy Loam is very similar to Yellow-Gray Silt Loam.
It differs from the silt loam in that it is somewhat coarser in texture, particularly
immediately adjacent to the bluffs, it is somewhat less acid, and a smaller pro-
portion of it is level lying. Both these types are formed from loess, but as the
loess was blown from the hottom land to the west the coarser particles were de-
posited first, resulting in material of somewhat coarser texture near the bluff
line than farther back on the upland. The reader is therefore referred to the
descriptions of the types mapped as Yellow-Gray Silt Loam (page 19) for
descriptions of corresponding types mapped as Yellow-Gray Fine Sandy Loam
and also for management suggestions.

Yellow Fine Sandy Loam (875)

Yellow Fine Sandy Loam is formed in the same way as Yellow Silt Loam.
The two types differ but little except that immediately adjacent to the bluff line,
where the former is found, the texture of the material is somewhat coarser than
it is farther to the east. The reader is therefore referred to the discussion of
Yellow Silt Loam on this page for further information about the character and
use of this type.

Dune Sand (881)

Dune Sand is the coarse-textured material laid down by the wind in dune-
like formations in certain places adjacent to the bluff line. It is of value for
little else than pasture or timber and does not produce very good pasture. In
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places where the topography permits, sweet-clover pasture may be established.
Care must be used to control both wind and water erosion until the growing
vegetation acts as a protection.

TERRACE SOILS
Yellow-Gray Silt Loam (1534)

Yellow-Gray Silt Loam, Terrace, oceurs in small areas as bench-like forma-
tions along the small streams in the county. This type is very similar to the-
type deseribed as No. 2 under Yellow-Gray Silt Loam (434), page 20, but differs
in not having as good surface drainage. The reader is asked to turn to the above
description and discussion for information regarding this terrace type.

Dune Sand (1581)

Dune Sand, Terrace, occurs between the bluffs and the Illinois river. It is
a recent, wind-deposited formation and is of relatively low agricultural value.
The surface 5 or 6 inches is very light brown sand, and immediately below this
thin surface horizon the color becomes yellow or reddish yellow. The texture
of the material is coarse and there is no subsoil development.

Management.—Dune Sand, Terrace, is drouthy, low in organic matter and
nitrogen, and is subject to drifting by the wind where it is not protected by trees
or other vegetation. It is a good watermelon soil but does not rank very high for
general farming. The Oquawka experiment field is located on this kind of soil,
and the reader is asked to turn te the results from this field and their discussion,
page 62, for suggestions regarding the management of this soil.

SWAMP AND BOTTOM-LAND SOILS

This group includes the bottom land along the Illinois river and along the
creeks of the county. These bottom lands are made up of soil material deposited
from running water, and they vary in character with the source of the ma-
terial deposited, the velocity of the stream flow at the time of the deposition, and
drainage conditions since the material was deposited. The soils occurring in
these areas vary in age, as indicated by different degrees of development of the
horizons of the profiles. Some of the types mapped are of little importance be-
cause they oceupy only a small area or are swampy.

Brown Silt Loam (1426)

Brown Silt Loam, Bottom, is mapped only in the Illinois bottom in Morgan
county. It covers a total area of 3.26 square miles and is a productive type ex-
cept where poorly drained. Considerable variation oceurs in this soil, particu-
larly in the subsurface and subsoil. The areas which are, or have been, poorly
drained contain much gray and drab color in these horizons, while the areas
which have developed under good drainage conditions show little gray or drab
in the lower horizons. The horizons are imperfectly developed in this type and
a general type description cannot be written because of the variations in color,
texture, plasticity of the subsoil, and other features.
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Management—Brown Silt Loam, Bottom, is not acid except on the higher
portions of the type, which are beginning to show a slight acidity. No fertilizer
treatment is advised for this soil at the present time, but fresh organic matter
should be provided by growing clover at regular intervals.

Black Clay Loam (1420)

Black Clay Loam, Bottom, is found only in the Illinois bottom in Morgan
county. Drainage has been provided for much of this type by the construction
of ditches, but the drainage is still poor on some areas. The type oceupies a total
of about 2 square miles. It has a clay loam surface and is drab or gray below
8 or 10 inches in depth. It is a productive soil, needs no lime, and requires only
frequent additions of fresh organic matter to insure its continued productivity
for many years to come.

Sandy Black Clay Loam (1420.1)

Sandy Black Clay Loam, Bottom, is of little importance in Morgan county
because of its limited area. It is similar to the preceding type (1420) except
that sufficient sand has become mixed with it to give it a sandy clay loam texture.
This type is alkaline in places where it is so situated as to receive seepage water
from the adjacent Dune Sand.

Drab Clay (1415)

Drab Clay, Bottom, is of little importance in Morgan county because of its
small extent, less than one-half square mile, and because of its low agricultural
value. It is poorly drained and no attempt should be made, under present con-
ditions, to bring it under cultivation.

Brown Sandy Loam (1460)

Brown Sandy Loam, Bottom, aggregates a little over 215 square miles in
Morgan county and is located in the Illinois bottom. Portions of this type are
swampy and other portions are under cultivation. :

The surface soil of this type is light brown in color, and the lower portions
of the profile are reddish yellow with little or no horizon development. The tex-
ture is sandy thruout the profile.

Management.—There is little encouragement for developing the swampy por-
tions of the type, but the areas which are well drained may be farmed to ad-
vantage. Particular attention should be given to plowing down clover, pre-
ferably sweet clover, applying lime if necessary to grow this erop.

Brown Fine Sandy Loam (1471)

Brown Fine Sandy Loam, Bottom, is the most extensive type in the Illinois
bottom. It covers a total of nearly 6 square miles. This soil is formed from ma-
terial washed into the bottom from the adjacent bluffs and shows very little hori-
zon development. The surface is light brown fine sandy loam. At a depth of
about 7 inches, the color becomes somewhat yellowish and at a depth of about
20 inches a very imperfectly developed subsoil occurs. The youth of this soil,
together with the good quality of the material from which it is formed, makes it
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productive. It is easily worked, very permeable to plant roots, and either not
acid or only slightly so.

Managemeni.—Brown Fine Sandy Loam, Bottom, is well adapted to any of
the general farm crops, and, with good farming, gives excellent yields. Particular
attention should be given to returning leguminous organic matter to this soil as
it is relatively low in nitrogen and organiec matter., No fertilizer treatment is
recommended for this soil at the present time.

Yellowish Brown Fine Sandy Loam (1479)

Yellowish Brown Fine Sandy Lioam, Bottom, is closely related to the pre-
ceding type, Brown Fine Sandy Loam (1471). It is of the same origin and differs
from it only in being younger, and therefore in having a lighter colored surface
soil and less development of subsurface and subsoil horizons. It requires the
same management as Brown Fine Sandy Loam. '

Mixed Loam (1454)

Mixed Loam is very diverse in character. It is the most extensive bottom-
land type in Morgan county, aggregating a little over 31 square miles. It occurs,
for the most part, along the cereeks thruout the eounty. It consists of distinet
types occurring in such small areas that they cannot be shown on the map and
consequently they are all grouped together and called Mixed Lioam. The texture
of the surface varies from a sandy loam to a clay loam. The subsurface and
subsoil vary in the same way as does the surface.

Management.—The diversity of Mixed Loam . calls for different tillage
methods where the extremes in the type oceur. Some areas are so heavy as to
require care in working them at the right moisture content, while others are very
sandy. The type in general is not acid and needs only fresh organic matter and
intelligent tillage.

Brown-Gray Silt Loam On Tight Clay (1428)

Brown-Gray Silt Loam On Tight Clay, Bottom, is of little importance in
Morgan county. It occupies only 96 acres and is relatively low in agrieultural
value. It oceurs in the Illinois bottom along the Cass county line. This soil
was developed under conditions which resulted in the formation of a thick, im-
pervious subsoil. The surface soil is grayish brown silt loam and the subsurface
is more or less gray. )

Brown-Gray Sandy Loam On Tight Clay (1468)
Brown-Gray Sandy Loam On Tight Clay is similar in properties and occur-
rence to Brown-Gray Silt Loam On Tight Clay, but it is somewhat lower in agri-
cultural value. Only 160 acres occur in Morgan county.

Deep Peat (1401)
Only 13 acres of Deep Peat occur in Morgan county. It may be found on
the map on the line between Sections 12 and 13, Township 16 North, Range
13 West.



APPENDIX
EXPLANATIONS FOR INTERPRETING THE SOIL SURVEY

CLASSIFICATION OF SOILS

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

The soil type is the unit of eclassification. Each type has definite character-
isties upon which its separation from other types is based. These characteristics
are inherent in the strata, or ‘‘horizons,’” which constitute the soil profile in all
mature soils. Among them may be mentioned color, structure, texture, and
chemical composition. Other items, such as native vegetation (whether timber
or prairie), topography, and geological origin and formation, may assist in the
differentiation of types, altho they are not fundamental to it.

Since some of the terms used in designating the factors which are taken into
account in establishing soil types are technical in nature, the following definitions
are introduced :

Horizon. A layer or stratum of soil which differs disecernibly from those adjacent in
color, texture, structure, chemiecal composition, or a combination of these characteristics, is
called an horizon. In describing a matured soil, three horizons designated as 4, B, and C
are usually considered.

A designates the upper horizon and, as developed under the conditions of a humid,
temperate climate, represents the layer of extraction or eluviation; that is to say, material in
solution or in suspension has passed out of this zone thru the processes of weathering.

B represents the layer of concentration or illuviation; that is, the layer developed as a
result of the accumulation of material thru the downward movement of water from the 4
horizon.

C designates the layer lying below the B horizon and in which the material has been
less affected by the weathering processes.

Frequently differences within a stratum or zone are discernible, in which case it is sub-
divided and described under such designations as 4, and 4,, B, and B,, ete.

Soil Profile. The soil section as a whole is spoken of as the soil profile.

Depth and Thickness. The horizons or layers which make up the soil profile vary in
depth and thickness. These variations are distinguishing features in the separation of soils
into types.

Physical Composition. The physical composition, sometimes referred to as ‘¢ texture,’’
is a most important feature in characterizing a soil. The texture depends upon the relative
proportions of the following physical constituents: -clay, silt, fine sand, sand, gravel, stones,
and organie material.

Structure. The term ‘‘structure’’ has reference to the aggregation of particles within
the soil mass and carries such qualifying terms as open, granular, compact, ecolumnar, laminated.

Organic-Matter Content. The organie matter of soil is derived largely from plant tissue
and it exists in a more or less advanced stage of decomposition. Organic matter forms the
predominating constituent in eertain soils of swampy formation.

Color. Color is determined to a large extent by the proportion of organie matter, but
at the same time it is modified by the mineral constituents, especially by iron eompounds.

Reaction. The term ‘‘reaction’’ refers to the chemical state of the soil with respect
to aeid or alkaline condition. It also involves the idea of degree, as strongly acid or
strongly alkaline.

Carbonate Content. The carbonate content has reference to the caleium earbonate
(limestone) present, which in some cases may be associated with magnesium or other car-
bonates. The depth at which carbonates are found may become a very important factor
in determining the soil type.

Topography. Topography has reference to the lay of the land, as level, rolling, hilly, ete.
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Native Vegetation. The vegetation or plant growth before being disturbed by man,
as prairie grasses and forest trees, is a feature frequently recognized in differemtiating
soil types.

Geological Origin. Geological origin involves the idea of character of rock materials
composing the soil as well as the method of formation of the soil material.

Not infrequently areas are encountered in which type characters are not
distinctly developed or in which they show considerable variation. When these
variations are considered to have sufficient significance, type separations are made
wherever the areas involved are sufficiently large. Because of the almost infinite
variability occurring in soils, one of the exacting tasks of the soil surveyor is to
determine the degree of variation which is allowable for any given type.

Classifying Soil Types—In the system of classification used, the types fall
first into four general groups based upon their geological relationships; namely,
upland, terrace, swamp and bottom land, and residual. These groups may be
subdivided into prairie soils and timber soils, altho as a matter of fact this sub-
division is applied in the main only to the upland group. These terms are all
explained in the foregoing part of this report in connection with the description
of the particular soil types.

Naming and Numbering Soil Types.—In the Illinois soil survey a system of
nomenclature is used which is intended to make the type name convey some idea
of the nature of the soil. Thus the name ‘‘Yellow-Gray Silt Loam’’ carries in
itself a more or less definite deseription of the type. It should not be assumed,
however, that this system of nomenclature makes it possible to devise type names
which are adequately descriptive, because the profile of mature soils is usually
made up of three or more horizons and it is impossible to deseribe each horizon
in the type name. The color and texture of the surface soil are usually included
in the type name and when material such as sand, gravel, or rock lies at a depth
of less than 30 inches, the fact is indiecated by the word ‘‘On,’” and when its
depth exceeds 30 inches, by the word ‘‘Over’’; for example, Brown Silt Loam On
Gravel and Brown Silt Loam Over Gravel.

As a further step in systematizing the listing of the soils of Illinois, recog-
nition is given to the location of the types with respect to the geological areas
in which they occur. According to a geological survey made many years ago,
the state has been divided into seventeen areas with respect to geological forma-
tion and, for the purposes of the soil survey, each of these areas has been assigned
an index number. The names of the areas together with their general location
and their respective index numbers are given in the following list.

000 Residual, soils formed in place thru disintegration of rocks, and also rock outerop

100 Unglaciated, including three areas, the largest being in the south end of the state

200 Illinoian moraines, including the moraines of the Illinoian glaciations

300 Lower Illinoian glaciation, formerly considered as covering nearly the south third of the
state

400 Middle Illinoian glaciation, covering about a dozen counties in the west-central part of
the state

500 Upper Illinoion glaciation, covering about fourteen counties northwest of the middle

. Illinoian glaciation

600 Pre-Iowan glaciation, but now believed to be part of the upper Illinoian

700 Iowan glaciation, lying in the central northern end of the state

800 Deep loess areas, including a zone a few miles wide along the Wabash, Illinois, and
Mississippi rivers

900 FEarly Wisconsin moraines, including the moraines of the early Wisconsin glaciation
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1000 Late Wisconsin moraines, including the moraines of the late Wisconsin glaciation

1100 Early Wisconsin glaciation, covering the greater part of the northeast quarter of the
state

1200 Late Wisconsin glaciation, lying in the northeast corner of the state

1300 Old rwer-bottom and swamp lands, formed by material derived from the Illinoian or

older glaciations

1400 Late river-bottom and swamp lands, formed by material derived from the Wisconsin and
TIowan glaciations

1500 Terraces, bench or second bottom lands, and gravel outwash plains

1600 Lacustrine deposits, formed by Lake Chicago, the enlarged glacial Lake Michigan

Further information regarding these geological areas is given in connection
with the general map mentioned above and published in Bulletin 123 (1908).

Another set of index numbers is assigned to the classes of soils as based
upon physical composition. The following list contains the names of these classes
with their corresponding index numbers.

Index Number Limits Class Names
0 50 Do ssrnes sams 95 5505 200 4 2REEE Peats
10 60 12, . vineniviiieiiiintennnnenanss Peaty loams
T3 HE Bl s ow sossiremmsne wssans © wse e g o o Mucks
15 t0 10 cwevmenssovmrssemosnosssws s Clays
20 10 2. caussvavasianiosamssis et snin Clay loams
25 10 40ttt ittt i e Silt loams
B0 10 59 svpmww sowws swwss pones @ say mass Loams
60 10 TDesssosssnsvsanssswss sauessaass Sandy loams
80 0 894 2 cminiiss 5 saimie s v o mm i e mwins Sands
90 10 94. . it it Gravelly loams
85 o 97 ssvwsnvwry vumissunsveen svies Gravels
OB v s waie v 4 REEs SARA T AT AR SR A Stony loams
B0 e 6 wtcmann, $onivimn mommimn wowcini v mpmoe s Rock outerop

As a convenient means of designating types and their location with respect
to the geological areas of the state, each type is given a number made up of a
combination of the index numbers explained above. This number indicates the
type and the geological area in which it oceurs. The geological area is always
indicated by the digits of the order of hundreds while the remainder of the
number designates the type. To illustrate: the number 1126 means Brown Silt
Loam in the early Wisconsin glaciation, 434 means Yellow-Gray Silt Loam of the
middle Illinoian glaciation. These numbers are especially useful in designating
very small areas on the map and as a check in reading the colors.

A complete list of the soil types occurring in each county, along with their
corresponding type numbers and the area covered by each type, will be found
in the respective county soil reports in connection with the maps.

SOIL SURVEY METHODS
Mapping of Soil Types—In conducting the soil survey, the county consti-
tutes the unit of working area. The field work is done by parties of two to four
men each. The field season extends from early in April to the last of November.
During the winter months the men are engaged in preparing a copy of the soil
map to be sent to the lithographer, a copy for the use of the county farm adviser
until the printed map is available, and a third copy for use in the office in order

to preserve the original official map in good condition.
An accurate base map for field use is necessary for soil mapping. These
maps are prepared on a scale of one inch to the mile, the official data of the
original or subsequent land survey being used as the basis in their construction.
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Each surveyor is provided with one of these base
maps, which he carries with him in the field; and
the soil type boundaries, together with the streams,
roads, railroads, canals, town sites, and rock and
gravel quarries are placed in their proper location
upon the map while the mapper is on the area.
‘With the rapid development of road improvement
during the past few years, it is almost inevitable
that some recently established roads will not
appear on the published soil map. Similarly,
changes in other artificial features will oceasion-
ally oceur in the interim between the preparation
of the map and its publication. The detail or
minimum size of areas which are shown on the
map varies somewhat, but in general a soil type
if less than five acres in extent is not shown.

Sampling for Analysis—After all the soil
types of a county have been located and mapped,
samples representative of the different types are
collected for chemical analysis. The samples for
this purpose are usually taken in three depths;
namely, 0 to 624 inches, 624 to 20 inches, and 20
to 40 inches, as explained in connection with the
discussion of the analytical data on page 6.

PRINCIPLES OF SOIL FERTILITY

Probably no agricultural fact is more gener-

ally known by farmers and landowners than that

Fie. 5— Exammnine tHE Soi  soils differ in productive power. A fact of equal

ERHNE importance, not so generally recognized, is that

they also differ in other characteristics such as response to fertilizer treatment
and to management. :

The soil is a dynamie, ever-changing, exceedingly complex substance made
up of organic and inorganic materials and teeming with life in the form of
microorganisms. Because of these characteristies, the soil cannot be eonsidered
as a reservoir into which a given quantity of an element or elements of plant
food can be poured with the assurance that it will respond with a given increase
in erop yield. In a similar manner it cannot be expected to respond with per-
fect uniformity to a given set of management standards. To be productive a
soil must be in such condition physically with respect to structure and moisture as
to encourage root development; and in such condition chemically that injurious
substances are not present in harmful amounts, that a sufficient supply of the
elements of plant food become available or usable during the growing season,
and that lime materials are present in sufficient abundance favorable for the
growth of the higher plants and of the beneficial microorganisms. Good soil
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management under humid conditions involves the adoption of those tillage, erop-
ping, and fertilizer treatment methods which will result in profitable and per-
manent crop production on the soil type concerned.

The following paragraphs are intended to state in a brief way some of the
principles of soil management and treatment which are fundamental to profitable
and continued productivity.

CROP REQUIREMENTS WITH RESPECT TO PLANT-FOOD MATERIALS

Ten of the chemical elements are known to be essential for the growth of
the higher plants. These are carbon, hydrogen, oxygen, nitrogen, phosphorus,
sulfur, potassium, calcium, magnesium, and iron. Other elements are absorbed

F16. 6.—ALL ESSENTIAL PLANT-Foor ELEMENTS MUST BE PRESENT

The jars in which these corn plants are growing contain pure sand to
which have been added various combinations of the essential plant-food
elements. If a single one of these elements is omitied, the plants cannot
develop; they die after the small supply stored in the seed becomes
exhausted.

from the soil by growing plants, including manganese, silicon, sodium, aluminum,
chlorin, and bhoron. It is probable that these latter elements are present in
plants for the most part, not because they are required, but because they are
dissolved in the soil water and the plant has no means of preventing their
entrance. There is some evidence, however, which indicates that certain of these
elements, notably manganese, silicon, and horon, may be either essential but
required in only minute quantities, or very beneficial to plant growth under
certain conditions, even tho not essential. Thus, for example, manganese has
produced marked increases in crop yields on heavily limed soils. Sodium also
has been found capable of partially replacing potassium in case of a shortage
of the latter element.

Table 5 shows the requirements of some of our most common field erops with
respect to seven important plant-food elements furnished by the soil. The
figures show the weight in pounds of the various elements contained in a bushel
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TasLE 5.—PLANT-Foop EreMENTs IN CommoN Farm Crors!

Produce
Nitrogen Phos- | gyjfyr | Potas- | Magne- | colgjum | Tron
Kind Amiount phorus sium sium

1bs. 1bs. 1bs. 1bs. lbs. 1bs. 1bs.
Wheat, grain. ..... 1 bu. 1.42 .24 .10 .26 .08 .02 .01
Wheat straw,.....| 1ton 10.00 1.60 2.80 18.00 1.60 3.80 .60
Corn, grain. ...... 1 bu. 1.00 .17 .08 .19 .07 .01 .01
Corn stover.......| 1ton 16.00 2.00 2.42 17.33 3.33 7.00 1.60
Corn cobs........ 1 ton 4.00 | ..... ] ..... 4.00 | ... oo .
Oats, grain. . ..... 1 bu. .66 11 .06 .16 .04 .02 .01
Oat straw........ 1 ton 12.40 2.00 4.14 20.80 2.80 6.00 1.12
Clover seed....... 1 bu. 1.75 B0 I .75 .25 A3 ] csas
Cloverhay.....'.. 1 ton 40.00 5.00 3.28 | 30.00 7.75 29.25 1.00
Soybean seed. . ... 1 bu. 3.22 .39 27 1.26 .15 I £
Soybean hay......| 1 ton 43.40 4.74 5.18 | 35.48 | 13.84 | 27.56 | .....
Alfalfa hay....... lton | 52.08| 4.76 | 5.96| 16.64 | 8.00| 22.26 | .....

IThese data are brought together from various sources. Some allowance must be made for
the exactness of the figures because samples representing the same kind of crop or the same kind
of material frequently exhibit considerable variation.
or in a ton, as the case may be. From these data the amount of an element re-
moved from an acre of land by a crop of a given yield can easily be computed.

PLANT-FOOD SUPPLY

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

The vast difference with respect to the supply of these essential plant-food
elements in different soils is well brought out in the data of the Illinois soil
survey. For example, it has been found that the nitrogen in the surface 625
inches, which represents the plowed stratum, varies in amount from 180 pounds
per acre to more than 35,000 pounds. In like manner the phosphorus content
varies from about 320 to 4,900 pounds, and the potassium ranges from 1,530 to
about 58,000 pounds. Similar variations are found in all of the other essential
plant-food elements of the soil.

With these facts in mind it is easy to understand how a deficiency of one
of these elements of plant food may become a limiting factor of crop produetion.
When an element becomes so reduced in quantity as to beecome a limiting factor
of production, then we must look for some outside source of supply. Table 6
is presented for the purpose of furnishing information regarding the quantity
of some of the more important plant-food elements contained in materials most
commonly used as sources of supply.
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TABLE 6.—PLA&T—F00D ELeMeNTS IN MANURE, Rouas FEeDps, AND FERTILIZERS!
. l Pounds of plant food per ton
Material of material
Nitrogen Phosphorus Potassium
Fresh farmmanure. . ........covveieneurnannnnn 10 2 8
CCOTT SEOVET. « o v e e et e 16 2 17
CYEE LRI . e o oe m 0 5 8 35 0 2555 5 5800 88 989 3 B w0 12 2 21
Wheat Straw. .. ..ovtenrinenneneenaeanunann 10 2 18
Clover hay.....ovvvrin i iineninanens 40 5 30
Cowpea BaY. .o v o5 v i vomms s mmes BN 43 5 33
ATRRITE By ov s mmn ssmes gem s s wmmns s wmm oo g 50 4 24
Sweet clover (water-free basis)?. .. .............. 80 8 28
Dried blood. . .....coiiii i 280 | ... | el
Sodium nitrate. ... ......coeiiiiiieniin. 310 | ... .
Ammonium sulfate. ......... ... .. i 400 ] 0 .esew ] messs
Rawbonemeal. .............ccoiiiiiiiiininnnn 80 180 | .....
Steamed bonemeal. ... .........c.ciiiiiiiaaaa. 20 250 1 ...
Raw rock phosphate. ..........coooiiiiiie]  aannn 250 | .....
Acid phosphate. ...........cooiiiiiiiiiil e 125 | ...
Potassium chlorid. . ........coooviiiiiieinnal  eeven | e 850
Potassium sulfate. .. ..o i e 850
FAIHIE. e e womnr e i B s sET s iR s asss@masn]  wwpss  f  seess 200
Wood ashes? (unleached).......................  ..... 10 100

1See footnote to Table 5.
?Young second-year growth ready to plow under as green manure.
"Wood ashes also contain about 1,000 pounds of lime (calcium carbonate) per ton.

LIBERATION OF PLANT FCOD

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

Feeding Power of Plants.—Different species of plants exhibit a very great
diversity in their ability to obtain plant food directly from the insoluble minerals
of the soil. As a class, the legumes—especially such biennial and perennial
legumes as red clover, sweet clover, and alfalfa—are endowed with unusual
power to assimilate from mineral sources such elements as ealeium and phos-
phorus, converting them into available forms for the crops that follow. For this
reason it is especially advantageous to employ such legumes in connection with
the application of limestone and rock phosphate. Thru their growth and subse-
quent decay large quantities of the mineral elements are liberated for the benefit
of the cereal crops which follow in the rotation. Moreover, as an effect of the
deep-rooting habit of these legumes, mineral plant-food elements are brought up
and rendered available from the vast reservoirs of the lower subsoil.

Effect of Limestone—Limestone corrects the acidity of the soil and supplies
caleium, thus encouraging the development not only of the nitrogen-gathering
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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
unavailable organic nitrogen into 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 compounds.

Organic Matter and Biological Action.—Organic matter may be supplied
thru animal manures, consisting of the exereta of animals and usually accom-
panied by more or less stable litter; and by plant manures, including green-
manure crops and cover crops plowed under, and also crop residues such as stalks,
straw, and chaff. The rate of decay of organic matter depends largely upon its
age, condition, and origin, and it may be hastened by tillage. The chemical
analysis shows correctly the total organic carbon, which constitutes, as a rule,
but little more than half the organic matter; so that 20,000 pounds of organic
carbon in the plowed soil of an aere corresponds to nearly 20 tons of organie
matter. But this organic matter 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 materials than 20 tons of old, inactive organic matter. The history of
the individual farm or field must be depended upon for information concerning
recent additions of active organic matter, whether in applications of farm manure,
in legume crops, or in sods of old pastures.

The condition of the organic matter of the soil is indicated to some extent
by the ratio of carbon to nitrogen. Fresh organic matter recently incorporated
with the soil containg a very much higher proportion of ecarbon to nitrogen than
do the old resistant organice residues of the soil. The proportion of carbon to
nitrogen is higher in the surface soil than in the corresponding subsoil, and in
general this ratio is wider in highly produective soils well charged with active
organic matter than in very old, worn soils badly in need of active organic matter.

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

Effect of Tillage.—Tillage, or cultivation, also hastens the liberation of plant-
food elements by permitting the air to enter the soil. It should be remembered,
however, that tillage is wholly destruetive, in that it adds nothing whatever to
the soil, but always leaves it poorer, so far as plant-food materials are conecerned.
Tillage should be praecticed so far as is necessary to prepare a suitable seed bed
for root development and also for the purpose of killing weeds, but more than
this is unnecessary and unprofitable; and it is much better actually to enrich
the soil by proper applications of limestone, organic matter, and other fertilizing
materials, and thus promote soil conditions favorable for vigorous plant growth,
than to depend upon excessive cultivation to accomplish the same object at the
expense of the soil.
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PERMANENT SOIL IMPROVEMENT
According to the kind of soil involved, any comprehensive plan contemplat-
ing a permanent system of agriculture will need to take into account some of the
following considerations.

The Application of Limestone

The Function of Limestone.—In considering the application of limestone
to land it should be understood that this material functions in several different
ways, and that a beneficial result may therefore be attributable to quite diverse
causes. Limestone provides ealeium, of which certain crops are strong feeders.
It corrects acidity of the soil, thus making for some crops a much more favorable
environment as well as establishing conditions absolutely required for some of
the beneficial legume bacteria. It accelerates nitrification and nitrogen fixation.
It promotes sanitation of the soil by inhibiting the growth of certain fungous
diseases, such as eorn-root rot. Experience indicates that it modifies either
directly or indireetly the physical structure of fine-textured soils, frequently to
their great improvement. Thus, working in one or more of these different ways,
limestone often becomes the key to the improvement of worn lands.

How to Ascertain the Need for Limestone—One of the most reliable indica-
tions as to whether a soil needs limestone is the character of the growth of certain
legumes, particularly sweet clover and alfalfa. These crops do not thrive in
acid soils. Their successful growth, therefore, indicates the lack of sufficient
acidity in the soil to be harmful. In case of their failure to grow the soil should
be tested for acidity as deseribed below. A very valuable test for ascertaining
the need of a soil for limestone is found in the potassium thiocyanate test for soil
acidity. It is desirable to make the test for carbonates along with the acidity
test. Limestone is ealcium carbonate, while dolomite is the combined carbonates
of calcium and magnesium. The natural occurrence of these carbonates in the
soil is sufficient assurance that no limestone is needed, and the acidity test will
be negative. On lands which have been treated with limestone, however, the
surface soil may give a positive test for carbonates, owing to the presence of
undecomposed pieces of limestone, and at the same time & positive test for acidity
may be secured. Such a result means either that insufficient limestone has been
added to neutralize the acidity, or that it has not been in the soil long enough
to entirely correct the acidity. In making these tests, it is desirable to examine
samples of soil from different depths, since carbonates may be present, even in
abundance, below a surface stratum that is acid. Following are the directions
for making the tests:

The Potassium Thiocyanate Test for Acidity. This test is made with a 4-percent solu-
tion of potassium thiocyanate in alecohol—4 grams of potassium thiocyanate in 100 eubic
centimeters of 95-percent aleohol.* When a small quantity of seil shaken up in a test tube
with this solution gives a red color the soil is acid and limestone should be applied. If the
solution remains colorless the soil is not acid. An execess of water interferes with the reae-
tion. The sample when tested, therefore, should be at least as dry as when the soil is in

18ince undenatured aleohol is difficult to obtain, some of the denatured aleohols have
been tested for making this solution. Completely denatured alcohol made over U. S.
Formulas No. 1 and No. 4, have been found satisfactory. Some commereial firms are also
offering other preparations which are satisfactory. :
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good tillable condition. For a prompt reaction the temperature of the soil and solution
should be not lower than that of comfortable working conditions (60° to 75° Fahrenheit).

The Hydrochloric Acid Test for Carbonates. Take a small representative sample of
soil and pour upon it a few drops of hydrochlorie (muriatic) acid, prepared by diluting the
concentrated acid with an equal volume of water. The presence of limestone or some other
carbonates will be shown by the appearance of gas bubbles within 2 or 3 minutes, producing
foaming or effervescence. The absence of carbonates in a soil is not in itself evidenee that
the soil is acid or that limestome should be applied, but it indicates that the confirmatory
potassium thiocyanate test should be carried out.

Amounts to Apply.—Acid soils should be treated with limestone whenever
such application is at all practicable. The initial application varies with the
degree of acidity and will usually range from 2 to 6 tons an acre. The larger
amounts will be needed on strongly acid soils, particularly on land being pre-
pared for alfalfa. When sufficient limestone has been used to establish condi-
tions favorable to the growth of legumes, no further applications are necessary
until the acidity again develops to such an extent as fo interfere with the best
growth of these erops. This will ordinarily be at intervals of several years. In
the case of an inadequate supply of magnesium in the soil, the occasional use of
magnesian (dolomitie) limestone would serve to correct this deficiency. Other-
wise, so far as present knowledge indicates, either form of limestone—high-
caleium or magnesian—will be equally effective, depending upon the purity and
fineness of the respective stones.

Fineness of Material—The fineness to which limestone is ground is an im-
portant consideration in its use for soil improvement. Experiments indicate that
a considerable range in this regard is permissible. Very fine grinding insures
ready solubility, and thus promptness in action; but the finer the grinding the
greater is the expense involved. A grinding, therefore, that furnishes not too
large a proportion of coarser particles along with the finer, similar to that of the
by-product material on the market, is to be recommended. Altho the exaet pro-
portions of coarse and fine material cannot be prescribed, it may be said that a
limestone crushed so that the coarsest fragments will pass thru a sereen of 4 to 10
meshes to the inch is satisfactory if the total produect is used.

The Nitrogen Problem

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

An inexhaustible supply of nitrogen is present in the air. Above each acre
of the earth’s surface there are about sixty-nine million pounds of atmospherie
nitrogen. The nitrogen above one square mile weighs twenty million tons, an
amount sufficient to supply the entire world for four or five decades. This large
supply of nitrogen in the air is the one to which the world must eventually turn.
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The phosphorus content of the soil is dependent upon the origin of the soil.
The removal of phosphorus by continuous cropping slowly reduces the amount
of this element in the soil available for erop use, unless its addition is provided
for by natural means, such as overflow, or by agricultural practices, such as the
addition of phosphatic fertilizers and rotations in which deep-rooting, leguminous
crops are frequently grown.

It should be borne in mind in connection with the application of phosphate,
or of any other fertilizing material, to the soil, that no benefit can result until
the need for it has become a limiting factor in plant growth. For example, if
there is already present in the soil sufficient available phosphorus to produce a
forty-bushel erop, and the nitrogen supply or the moisture supply is sufficient
for only forty bushels, or less, then extra phosphorus added to the soil cannot
increase the yield beyond this forty-bushel limit.

There are several different materials containing phosphorus which are
applied to land as fertilizer. The more important of these are bone meal, acid
phosphate, natural raw rock phosphate, and basie slag. Obviously that carrier
of phosphorus which gives the most economical returns, as considered from all
standpoints, is the most suitable one to use. Altho this matter has been the
subject of much discussion and investigation the question still remaing unsettled.
Probably there is no single carrier of phosphorus that will prove to be the most
economical one to use under all eircumstances because so much depends upon
soil conditions, crops grown, length of haul, and market conditions.

Bone meal, prepared from the bones of animals, appears on the market in
two different forms, raw.and steamed. Raw bone meal contains, besides the
phosphorus, a considerable percentage of nitrogen which adds a useless expense
if the material is purchased only for the sake of the phosphorus. As a souree of
phosphorus, steamed bone meal is preferable to raw bone meal. Steamed bone
meal is prepared by extracting most of the nitrogenous and fatty matter from
the bones, thus producing a more nearly pure form of ealeium phosphate con-
taining about 10 to 12 percent of the element phosphorus.

" Superphosphate (acid phosphate) is produced by treating rock phosphate
with sulfuric acid. The two are mixed in about equal amounts; the product
therefore contains about one-half as much phosphorus as the rock phosphate
itself. Besides phosphorus, superphosphate also contains sulfur, which is like-
wise an element of plant food. The phosphorus in superphosphate is more
readily available for absorption by plants than that of raw rock phosphate.
Superphosphate of good quality should econtain 6 percent or more of the element
phosphorus.

Rock phosphate, sometimes called floats, is a mineral substance found in
vast deposits in certain regions. The phosphorus in this mineral exists chemically
as tri-calcium phosphate, and a good grade of the rock should contain 1275
percent, or more, of the element phosphorus. The rock should be ground to a
powder fine enough to pass thru a 100-mesh sieve, or even finer.

The relative cheapness of raw rock phosphate, as compared with the treated
or acidulated material, makes it possible to apply for equal money expenditure
considerably more phosphorus per acre in this form than in the form of super-
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phosphate, the ratio being, under the market conditions of the past several years,
about 4 to 1. That is to say, under these market conditions, a dollar will pur-
chase about four times as much of the element phosphorus in the form of rock
phosphate as in the form of superphosphate, which is an important consideration
if one is interested in building up a phosphorus reserve in the soil. As explained
above, more very carefully conducted comparisons on various soil types under
various cropping systems are needed before definite statements can be given as
to which form of phosphate is most economical to use under any given set of
conditions.

Basic slag, known also as Thomas phosphate, is another carrier of phos-
phorus that might be ‘mentioned because of its considerable usage in Europe
and eastern United States. Basie slag phosphate is a by-product in the manu-
facture of steel. It contains a considerable proportion of basic material and
therefore it tends to influence the soil reaction.

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

In using superphosphate or bone meal in a cropping system which includes
wheat, it is a common practice to apply the material in the preparation of the
wheat ground. It may be advantageous, however, to divide the total amount
to be used and apply a portion to the other erops of the rotation, particularly
to eorn and to clover.

The Potassium Problem

Our most common soils, which are silt loams and clay loams, are well stocked
with potassium, altho it exists largely in a slowly soluble form. Such soils as
sands and peats, however, are likely to be low in this element. On such soils this
deficiency may be remedied by the application of some potassium salt, such as
potassium, sulfate, potassium chlorid, kainit, or other potassium compound, and in
many -instances this is done at great profit.

From all the facts at hand it seems, so far as our great areas of common
soils are concerned, that, with a few exceptions, the potassium problem is not
one of addition but of liberation. The Rothamsted records, which represent the
oldest soil experiment fields in the world, show that for many years other soluble
salts have had practically the same power as potassium salts to increase crop
yields in the absence of sufficient decaying organic matter. Whether this action
relates to supplying or liberating potassium for its own sake, or to the power
of the soluble salt to increase the availability of phosphorus or other elements,
is not known, but where much potassium is removed, as in the entire erops at
Rothamsted, with no return of organic residues, probably the soluble salt func-
tions in both ways.
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Further evidence on this matter is furnished by the Illinois experiment field
at Fairfield, where potassium sulfate has been compared with kainit both with
and without the addition of organic matter in the form of stable manure. Both
sulfate and kainit produced a substantial increase in the yield of corn, but the
cheaper salt—kainit—was just as effective as the potassium sulfate, and returned
some financial profit. Manure alone gave an increase similar to that produced
by the potassium salts, but the salts added to the manure gave very little increase
over that produced by the manure alone. This is explained in part, perhaps, by
the fact that the potassium removed in the erops is mostly returned in manure
properly cared for, and perhaps in larger part by the fact that decaying organic
matter helps to liberate and hold in solution other plant-food elements, especially
phosphorus.

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

In considering the conservation of potassium on the farm it should be re-
membered that in average livestock farming the animals destroy two-thirds of
the organic matter and retain one-fourth of the nitrogen and phophorus from
the food they consume, but that they retain less than one-tenth of the potassium;
o that the actual loss of potassium in the products sold from the farm, either
in grain farming or in livestock farming, is negligible on land containing 25,000
pounds or more of potassium in the surface 675 inches.

The Calcium and Magnesium Problem

When measured by crop removals of the plant-food elements, calecium is
often more limited in Illinois soils than is potassium, while magnesium may be
oceasionally. In the case of caleium, however, the deficiency is likely to develop
more rapidly and become muech more marked because this element is leached
out of the soil in drainage water to a far greater extent than is either magnesium
or potassium. ) .

The annual loss of limestone from the soil depends, of course, upon a number
of factors aside from those which have to do with climatic conditions. Among
these factors may be mentioned the character of the soil, the kind of limestone,
its condition of fineness, the amount present, and the sort of farming practiced.
Because of this variation in the loss of lime materials from the soil, it is impossible
to preseribe a fixed practice in their renewal that will apply universally. The
tests for acidity and carbonates described above, together with the behavior of
such lime-loving legumes as alfalfa and sweet clover, will serve as general
ihdicators for the frequency of applying limestone and the amount to use on a
given field.

Limestone has a direct value on some soils for the plant food which it
supplies, in addition to its value in eorrecting soil acidity and in improving the
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physical condition of the soil. Ordinary limestone (abundant in the southern
and western parts of Illinois) contains nearly 800 pounds of ealcium per ton;
while a good grade of dolomitic limestone (the more common limestone of north-
ern Iilinois) contains about 400 pounds of calcium and 300 pounds magnesium
per ton. Both of these elements are furnished in readily available form in
ground dolomitic limestone.

The Sulfur Question

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

Sulfur exists in the soil in both organic and inorganic forms, the former
being gradually converted to the latter form thru bacterial action. In this
inorganie form sulfur is taken up by plants which in their physiological processes
change it once more into an organie form as a constituent of protein. When
these plant proteins are consumed by animals, the sulfur becomes a part of the
animal protein. When these plant and animal proteins are decomposed, either
thru bacterial action, or thru combustion, as in the burning of coal, the sulfur
passes into the atmosphere or into the soil solution in the form of sulfur dioxid
gas. This gas unites with oxygen and water to form sulfurie acid, which is
readily washed back into the soil by the rain, thus completing the cycle, from
goil—to plants and animals—te air—to soil.

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

Physical Improvement of Soils

In the management of most soil types, one very important matter, 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. Organic matter in producing good tilth helps to control washing
of soil on rolling land, raises the temperature of drained soil, increases the
moisture-holding capacity of the soil, slightly retards capillary rise and eonse-
quently loss of moisture by surface evaporation, and helps to overcome the
tendeney of some soils to run together badly.

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

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

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

Straw and cornstalks should be turned under, and not burned. There is
considerable evidence indicating that on some soils undecomposed straw applied
in exeessive amount may be detrimental. ' Probably the best practice is to apply
the straw as a constifuent of well-rotted stable manure. Perhaps no form of
organic matter acts more beneficially in producing good tilth than cornstalks. It
is true, they decay rather slowly, but it is also true that their durability in the
soil is exaetly what is needed in the production of good tilth. Furthermore, the
nitrogen in a ton of cornstalks is one and one-half times that of a ton of manure,
and a ton of dry cornstalks incorporated in the soil will ultimately furnish as
much humus as four tons of average farm manure. When burned, however, both
the humus-making material and the nitrogen are lost to the soil.

It is a common practice in the corn belt to pasture the cornstalks during
the winter and often rather late in the spring after the frost is out of the ground.
This trampling by stock sometimes puts the soil in bad condition for working.
Tt 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
corn is planted. Whether the ecrop be corn or oats, it necessarily suffers and if
the season is dry, much damage may be done. If the field is put in corn, a poor
stand is likely to result, and if put in oats, the soil is so compact as to be un-
favorable for their growth. Sometimes the soil is worked when too wet. This
also produces a partial puddling which is unfavorable to physieal, chemical, and
biological processes. The effect becomes worse if cropping has reduced the organie
matter below the amount necessary to maintain good tilth.

Systems of Crop Rotations

In a program of permanent soil improvement one should adopt at the outset
a. good rotation of crops, including, for the reasons discussed above, a liberal
use of legumes. No one can say in advanece for every particular case what will
prove to be the best rotation of crops, because of variation in farms and farmers
and in prices for produce. As a general principle the shorter rotations, with
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the frequent introduction of leguminous crops, are the best adapted for building
up poor soils.

Following are a few suggested rotations which may serve as models or out-
lines to be modified according to special circumstances.

Six-Year Rotations
First year —Corn
Second year —Corn
Third year —Wheat or oats (with clover)
Fourth year —Clover
Fifth year —Wheat (with clover)
Sizth year —Clover, or clover and grass
In grain farming, with small grain grown the third and fifth years, most
of the unsalable produets should be returned to the soil, and the clover may be
clipped and left on the land or returned after threshing out the seed; or, in
livestock 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 rota-
tion by cutting out either the second or the sixth year, and to a four-year system
by omitting the fifth and sixth years, as indicated below.
The two following rotations are suggested as especially adapted for com-
bating the corn borer:

First year —Corn First year —Corn

Second year —Soybeans Second year —Soybeans

Third year —Small grain (with legume) Third year —Small grain (with legume)
Fourth year —Legume Fourth year —Legume

Fifth year —Corn (for silage) Fifth year —Wheat (with alfalfa)
Sixth year —Wheat (with sweet clover) Sizth year -—Alfalfa

Five-Year Rotations

First year —Corn First year —Corn
Second year —Wheat or oats (with clover) Second year —Soybeans
Third year —Clover Third year —Corn
Fourth year —Wheat (with clover) Fourth year —Wheat (with legume)
Fifth year -—Clover Fifth year —Legume
First year —Corn

Second year —Cowpeas or soybeans
Third year —Wheat (with clover)
Fourth year —Clover
Fifth year —Wheat (with clover)
The last rotation mentioned above allows legumes to be grown four times.
Alfalfa may be grown on a sixth field rotating over all fields if moved every

six years.

Four-Year Rotations

First year —Corn First year —Corn

Second year —Wheat or oats (with clover) Second year —Corn

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

First year —Corn First year —Wheat (with clover)
Second year —Cowpeas or soybeans S8econd year —Clover

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

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

Three-Year Rotations

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

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

N Two-Year Rotations
First year —Oats or wheat (with sweet clover)
Second year —Corn

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

It should be understood that in all of the above suggested cropping systems
it may be desirable in some cases to substitute barley or rye for the wheat or
oats. Or, in some cases, it may become desirable to divide the acreage of small
grain and grow in the same year more than one kind. In all of these proposed
rotations the word clover is used in a general sense to designate either red clover,
alsike clover, or sweet clover, or it may include alfalfa used as a biennial. The
mixing of alfalfa with clover seed for a legume crop is a recommendable prac-
tice. In eonnection with livestock production it may be desirable to mix grass
with the clover for pasture or hay. The value of sweet clover, especially as a
green manure for building up depleted soils, as well as a pasture and hay-crop,
is becoming thoroly established, and its importance in a crop-rotation program
may well be emphasized.



SUPPLEMENT: EXPERIMENT FIELD DATA

(Results From Experiment Fields on Soil Types Similar to Those Occurring in
Morgan County)

The University of Illinois has operated altogether about fifty soil experi-
ment fields in different sections of the state and on various types of soil. Altho
some of these fields have been discontinued, the large majority are still in
operation. It is the present purpose to report the results from certain of these
ficlds located on types of soil described in the accompanying soil report.

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

Size and Arrangement of Fields
The soil experiment fields vary in size from less than two acres up to 40
acres or more. They are laid off into series of plots, the plots commonly being
either one-fifth or one-tenth acre in area. Each series is occupied by one kind
of crop. Usually there are several series so that a crop rotation can be carried on
with every crop represented every year.

Farming Systems

On many of the fields the treatment provides for two distinet systems of
farming, livestock farming and grain farming.

In the livestock system stable manure is used to furnish organic matter
and nitrogen. The amount applied to a plot is based upon the amount that can
be produced from crops raised on that plot.

In the grain system mno animal manure is used. The organic matter and
nitrogen are applied in the form of plant manures, including the plant residues
produced, such as cornstalks, straw from wheat, oats, clover, ete., along with
leguminous catch crops plowed under. It was the plan in this latter system to
remove from the land, in the main, only the grain and seed produced, except in
the case of alfafa, that erop being harvested for hay the same as in the livestock
system. Some modifications have been introduced in recent years as will be
explained in the descriptions of the respective fields.

Crop Rotations
Crops which are of interest in the respective localities are grown in definite
rotations. The most common rotation used is wheat, corn, oats, and clover; and
often these erops are accompanied by alfalfa growing on a fifth series. In the
grain system a legume catech crop, usually sweet clover, is included, which is
seeded on the young wheat in the spring and plowed under in the following
spring in preparation for corn. If the red clover crop fails, soybeans are sub-
stituted.
Soil Treatment
The treatment applied to the plots has, for the most part, been standardized
according to a rather definite system, altho deviations from this system occur now
and then, particularly in the older fields.
43
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Following is a brief explanation of this standard system of treatment.

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

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

Mineral Manures— The vearly acre-rates of application have been: for
limestone, 1,000 pounds; for raw rock phosphate, 500 pounds; and for potas-
sium, usually.200 pounds of kainit. When kainit was not available, owing to
conditions brought on by the World war, potassium carbonate was used. The
initial application of limestone has usually been 4 tons per acre.

Explanation of Symbols Used

—Untreated land or check plots

—Manure (animal)

—TResidues (from crops, and includes legumes used as green manure)

—Limestone

— Phosphorus, in the form of rock phosphate unless otherwise designated
sP — superphosphate (acid phosphate), bP = bonemeal, rP = rock phos-
phate '

K =—DPotassium (usually in the form of kainit)

N —Nitrogen (usually in the form contained in dried blood)

Le ==DLegume used as green manure

Cv = Cover crop ‘

() =DParentheses enclosing figures, signifying tons of hay, as distinguished

from bushels of seed

HEEE o

THE MT. MORRIS FIELD

The Mt. Morris experiment field was established in 1910 at Mt. Morris in
Ogle county. The soil represents fairly well the type Light Brown Silt Loam,
altho the plots are not althogether uniform in this respeet. The plots considered
here comprize four series under a rotation of corn, oats, clover, and wheat, with
soil treatments as indicated in the accompanying table. The application of straw
to the residues plots has been diseontinued in these later years. In 1922 the
application of limestone, and in 1923 the application of rock phosphate, were
indefinitely suspended in order to observe the residual effect of these materials.

A summary of the results of the work is given in Table 7, in the form of
the average annual crop yields for the years since the complete soil treatments
have been in effect.

The outstanding results from these records are those produced by the manure
treatment. Over 14 bushels of corn, over 9 bushels of oats, 4.7 bushels of wheat.
and a half ton of clover have been the average annual acre increases in erop
yields from the manure plots over the corresponding checks. Residues alone have
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Fic. 8.—CorRN oN THE MT. MORRIS FIELD

Tasre 7.—MT,. MORRIS FIELD: Summary oF Crop YIELDS
Average Annual Fields 1913-1927—Bushels or (tons) per acre

The two pictures represent the extremes in eorn production on this field. Where the un-
treated land has produced as a fourteen-year average 44.6 bushels an acre, the land under the
residues, limestone, phosphate, potash treatment has yielded 67.2 bushels.
treatment on this field, however, has been that of residues and limestone, which has produced
62.2 bushels an acre.

The most profitable

Wheat Corn Qats Clover | Soybeans

plot Soil treatment applied
No. 18 crops 15 crops 15 crops 12 crops 2 crops
T [ 0. crsmmisimesamasemmazie 22.8 44 .4 57.7 (1.94) 56)
2 M. 27.5 59.0 67.1 (2.54) 70)
3 | MLo.....o.ooiiiiiii 33.6 64.1 70.6 (2.96) 80)
4 | MLP.........covvviiinn. 35.0 63.7 71.5 (2.89) 92)
B L Dissumspsmszsnsessngsswe 23.0 43.9 54.2 (1.65) 34)
6, | Biorsiio v s s 60550 a6 8 pisi 55 3 24.8 50.7 58.5 (1.70) 60)
7 |RL....oivviiii 32.0 62.2 68.2 (2.20) 89)
8 |RLP.......coooiiiiii... 35.2 65.5 69.9 (2.21) 07)
G | BEPK, :osmmesswossmsusan 35.4 66.9 70.2 (2.24) 00)
10 | Bocsummersmmasnmssampssss 24.1 42.9 51.9 (1.61) 68)

Crop Increases

MoverO................. 4.7 14.6 9.4 ( .60) .14)
RoverO................. 1.8 6.8 4.3 ( .05) .26)
MLoverM.............. 6.1 5.1 3.5 ( .42) .10)
RLoverR................ 7.2 11.5 9.7 ( .50) .29)
MLPover ML............ 1.4 - .4 .9 —( .07) .12)
RLPover RL............. 3.2 3.3 1.7 (.01) .18)
RLPK over RLP.......... .2 1.4 .3 (.03) .07)




46 Sorn ReEPoRT NoO. 42: SUPPLEMENT

also produced increases in the erop yields altho the effect is much less pronounced
than that of manure alone.

Limestone has been profitably used in both the manure and residues sys-
tems but the benefit has been greater in the residues system.

The rock phosphate, as usual, has been somewhat more effective used with
residues than with manure, but under present market conditions and used in
the quantity employed in these experiments, it has thus far not returned its costs,
even with residues. However, as noted above, applications of phosphate have
been suspended and the residual effect of the aceumulated phosphorus in the
soil during the years to come will be awaited with interest.

No significant effect is apparent from potassium as used in these experiments.

‘ THE DIXON FIELD

A summary of the results from the Dixon experiment field are presented
here, inasmuch as the soil of this field is similar to some of that found in Morgan
county. This field includes about 21 acres and is laid out into two general systems
of plots, a major and a minor system. The results from the major system will
be considered here.

The rotation practiced has been wheat, corn, oats, and clover. The treatment
of the plots and management of the crops were, for the most part, maintained
up to 1922 according to the general plan deseribed on pages 43 and 44. The most
important modification of the plan has been the discontinuance, within the last
few years, of the applications of limestone, phosphate, and straw residues.

TasLe 8.—DIXON FIELD: SumMmarY oF Crop YIELDS
Average Annual Yields 1912-1927—Bushels or (tons) per acre

Serial Wheat | Corn QOats | Barley | Clover |Soybeans
plot Soil treatment applied
No. 12 crops | 16 crops | 15 crops| 1 crop |10 crops| 4 crops
1 s wrss 5w s o s €8 wipon § w5 2 20.4 36.3 48.3 43.3 (1.71) | (1.46)
2 Mo s snssamnesnssvanss e oo 26.6 55.3 61.5 46.4 (2.45) | (1.78)
6 T 30.2 59.8 64.8 55.2 (2.70) | (1.92)
L & MR s mmoes 55 b o 33.4 62.3 66.6 58.3 (2.83) | (1.97)
5 0L & e w5 g s S s T 21.4 41.9 53.5 49.5 (1.41) | (1.18)
6 | B s sussiasomsssmmsss 24.2 49.8 57.6 53.8 (1.49) | (1.35)
7 Blic s omesosssinavsssinsan 27.4 56.3 61.4 54.5 (1.79) | (1.35)
N ) U 32.0 57.6 64.1 59.0 (2.04) | (1.33)
9 BLPE ... oo 00 s e b ane s 32.9 61.1 63.6 56.9 (2.21) | (1.18)
10 T g R, R B ST T 19.8 40.5 50.8 45.4 (1.81) (1.45)
Crop Increases
MoverQO.................. 6.2 19.0 13.2 3.1 (.74) | ( .32)
RoverO................... 2.8 7.9 4.1 4.3 (.08) | (.17)
MLoverM................ 3.6 4.5 3.3 8.8 (.25) | ( .14)
RLoverR................. 3.2 6.5 3.8 7 ( .30) | (0.00)
MLPover ML, . ........... 3.2 2.5 1.8 3.1 (.13) ( .05)
RLPoverRL.............. 4.6 1.3 2.7 4.5 ( .25) |—( .02)
RLPK over RLP........... .9 3.5 — .5 -2.1 (.17) |—( .18)
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Frg. 9.—CrLover oN UNTREATED LAND, DixoN FIELD

A cutting of red-clover hay obtained from an untreated plot. Compare with the erop
shown in Fig. 10.

Table 8 gives a summary of the results in terms of the average annual crop
vields obtained since the plots have been under complete treatment.

In considering these results, the most striking feature to be observed is the
outstanding effect of farm manure (M). The average annual increase due to
the use of manure alone has amounted to 19 bushels of corn an aere, more
than 13 bushels of oats, over 6 bushels of wheat, 34 of a ton of clover, and 14
of a ton of soybean hay.

Fie. 10.—CrLovERr ON TREATED LAND, DixoN FIELD
A cutting of red-clover hay produced under the residues-limestone-phosphate treat-
ment. Here we have a yield of 1,319 pounds, more than two and one-third times the yield
on the untreated land.
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Organic manure in the form of crop residues (R) has also produced increases
in yields altho not to the extent of those produced by animal manure.

Limestone (L) in addition to organic manures has, with a single exception,
effected more or less improvement, probably sufficient to cover the expense of
application.

Rock phosphate (P), as usual, shows up to best advantage when used with
residues on the wheat crop. The effect on other erops, however, has been such
that the increases in yield are not sufficient to cover the cost of the application
under existing market conditions. '

Altho petassium (K) has produced an average increase of 3.5 bushels an
acre in corn, the effects on other crops are such as to render its use unprofitable
in growing these common field erops.

THE KEWANEE FIELD
Experiments on the Major Series

The Kewanee field, located in Henry county, represents in the main the
soil type Brown Silt Loam, altho a draw {raversing the field in a winding
direction contains a narrow streak of a heavier type designated as Black Clay
Loam On Drab Clay. The Kewanee field has been in operation since 1915.
The crops grown on the main series of plots are wheat, corn, oats, and clover.
The arrangement of plots as well as the systems of soil treatment are indicated
in Table 9.

Tasie 9. —KEWANEE FIELD: SumMary oF CroP YIELDS
Average Annual Yields 1917-1927—Bushels or (tons) per acre

Serial Wheat Corn Oats Clover
plot Soil treatment applied
No. 9 crops 11 crops 11 crops 10 crops
1 T T It 30.0 53.9 59.4 (1.64)
D | Ny e v v i R B e 33.6 65.0 70.3 (2.26)
Z f ML, oocvannsorammronssrams 35.8 68.7 73.0 (2.30)
A | NP 505 s win oo masiors wm w3 40.7 70.0 71.2 (2.46)
5 1 0:cosesvessvnswmeionasrwiss 31.8 54.5 60.6 (1.60)
6 B o miis S5 e n B e R B 5 e 3 33.3 56.7 59.2 (1.55)
7 5 2 S P R T 35.3 64.9 61.9 (1.78)
CHEN - £ ) - E R 40.9 69.5 68.2 (1.98)
9 |BLPK...c.cvvviirervanons 41.2 73.0 70.1 (2.03)
10 1 0ucsssissessisrsssussvomsss 29.4 49.7 56.6 (1.38)
) Crop Increases
M oower 0. a0 s anbos pesss e 3.6 11.1 10.9 ( .62)
Rover0.......... e 1.5 2.2 ~ 1.4 —{ .05)
MLover M........cooovnnnn 2.2 3.7 2.7 ( .04)
RLoverR.................. 2.0 8.2 2.7 ( .23)
MLPover ML, ............. 4.9 1.3 — 1.8 ( .16)
RLPover RL............... 5.6 4.6 6.3 ( .20)
RILPK over RLP............ .3 3.5 1.9 ( .05)
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The difficulty of arriving at a general conclusion regarding the comparative
economy in the use of these different phosphorus materials is obvious, for all
depends upon their relative cost, which fluetuates from time to time. Further-
more, the prices received from farm produce likewise fluctuate; and to com-
plicate matters still further these fluctuations do not necessarily run parallel
with those of the fertilizer cost. However, one may readily compute for him-
self the relative economy of producing these crop increases by applying any
set of prices for erops and fertilizers which appear to be most applicable ac-
cording to prevailing market conditions.

For this purpose the following set of prices are assumed as representing
the average market conditions for the past six years (December 1 quotations) :
wheat, $1.20 a bushel; corn, 68 cents; oats, 40 cents; and hay, $14.00 a ton.
For the cost of the two phosphorus carriers, an estimate of $12 a ton for rock phos-
phate and $24 a ton for superphosphate may be taken, thus making the expense
for the two kinds of phosphate equal.

Applying these prices to the yields given in Table 10, it appears that, of
the four different tests, the highest average annual gross return, $46.60, was
given by the superphosphate with limestone. Upon adding the limestone, the
return from superphosphate was increased by only 54 cents an acre, thus in-
dicating that the purchase of limestone for this combination was unprofitable.
The returns from rock phosphate with limestone were $1.69 an acre less than
those from rock phosphate alone. Thus of the treatments included in this test
the most profitable lies in one of the two forms of phosphates used alone, and
the results thus far show a greater gross return per acre of 65 cents in favor
of the superphosphate.

Tt is of interest to note that wheat has been the crop most affected by the
form of phosphate applied. It is to be borne in mind that the order of values
can easily be shifted by a change in relative yields of the respective crops or
by a change in commodity prices. Furthermore, no consideration has been given
here to any possible difference in residual effects of the two forms of phosphate,
which might appear upon discontinuing the treatments.

THE BLOOMINGTON FIELD

The experiments on the Bloomington field are of interest in econnection with
the management of Brown Silt Loam. This field is located in MecLean county,
northeast of the ecity of Bloomington. The work was started in 1902. Altho a
fairly long period of years has been covered in these experiments, the field has
only a single series of plots, so that only one kind of crop is represented each
season. The crops employed have been corn, corn, oats, clover, and wheat; and
since 1905, they have been grown in the sequence named.

Commercial nitrogen applied in the form of dried blood was used in the
carly years up to 1905, when crop residues and clover were substituted. The
phosphorus on this field has been supplied in the form of steamed bone meal at
the rate of 200 pounds an acre a year.

Table 11 presents a summary of the work to 1923 by average annual yields.
The comparisons in the lower part of the table show the effect of the different
plant-food materials in the combinations in which they have been applied.
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TarrLe 11.—BLOOMINGTON FIELD: SumMmary or Crop YIELDS
Average Annual Yields 1902-1923—Bushels or (tons) per acre

Serial ) Corn Oats Wheat Clover!
plot Soil treatment applied
No. 10 crops 4 crops 4 crops 3 crops
1 b 5 s mns oo % am 8 6 mps 8 & % o 8 % 1 i & % i 5 44.6 40.6 26.5 (.74)
N N T e T T T 41.5 44.7 24.1 ( .80)
3 TR, om0 mow s 0 0 o o m o Gn, n & 5ol 56 5 0605 6 B0 8 47.5 46.2 27.9 ( .88)
4 ) Y 55.8 54.3 45.7 (2.54)
B | LK. i e 46.2 43.5 25.5 ( .90)
6 LT P 6 5 55 5 oo o 5 5 s it s 0 o 0 o 60.6 66.0 49.7 (1.19)
7 LRE . ..:omusinsocssmssamepsneseowny 48.6 46.8 27.5 ( .82)
8 LEPR. . 5muvetssisamssimesismesomes 60.9 57.2 44.5 (2.44)
9 LRbPK. ... 64.2 63.1 50.4 ( .81)
10 RbPK. .. e 58.8 52.8 49.3 ( .83)
Crop Increases
For limestone
OVEr 0. . i ici e — 3.5 4.1 - 2.4 ( .06)

LRbPK over RbPK. ... 5.4 10.3 1.1 —( .02

For residues
LR OVEE Liu et ie e e e 6.0 1.5 3.8 ( .08)
LRbP overLbP..............coonnn.. 4.8 11.7 4.0 —(1.35)
LRK overBE. . :iumesrgemunsmmansanssw 2.4 3.3 2.0 —( .08)
LRbPKover LbPK.........coovviivinnn. 3.3 5.9 5.9 —(1.63)

For phosphorus
LbP over Lot e 14.3 9.6 21.6 (1.74)
LRbP overLR..........ccoiiiiinnnnn. 13.1 19.8 21.8 ( .31)
LhPE. over BE. iccaeesswmassmmesnnsenwn 14.7 13.7 19.0 (1.54)
LRbPK over LRK......covvveiviiiiinnnn 15.6 16.3 22.9 —( .01)

For potassium
LK over L. oo 4.7 - 1.2 1.4 .10)
LRK overLR........cociiviiinniinnnnn 1.1 .6 - .4 —( .06)
TOPK over LbP. ..:cosssmsssmmsosnnrane 5.1 2.9 — 1.2 —( .10)
LRbPKover LRbP. ... ..........coienonn. 3.6 - 2.9 7 —( .38)

Two crops of seed on Plots 3, 6, 7, and 9 are evaluated as hay.

The value of limestone (L) on this field is difficult to assess on account of
the erratic results found upon comparing Plots 1 and 2. Here both corn and
wheat appear to have suffered from the application of limestone, but the diffi-
culty may well be attributable to soil variability. Comparing Plots 9 and 10 it
would appear that in combination with. residues, phosphorus, and potassium, the
limestone on the whole has been beneficial.

The residues treatment (R) supplying organic matter and nitrogen, shows a
beneficial effect on the grain erops, but not on the clover.

The prominent feature of the results on the Bloomington field is the effect of
phosphorus applied in the form of steamed bone meal (bP). In all the grain
crops on every plot where bone meal has been applied there is a remarkable
response to the treatment, as shown by the increases in yields. This response
appears in all the combinations, even without the presence of residues, altho
in combination with either residues or potassium the effect is accentuated. For
example, comparing Plot 3 with Plot 6 (limestone and residues with limestone,
residues, and phosphorus) we find the phosphorus treatment has produced an
average increase in the yield of corn of about 13 bushels an acre, while the yield
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of oats has been increased by about 20 bushels, and that of wheat by about 22
bushels an acre. Similar inereases, tho not so pronounced, appear in comparing
Plot 5 with Plot 8 where potassium instead of residues is present.

Quite different are the results from the use of potassium (K) on this field.
The potassium has been applied mainly in the form of potassium sulfate, but
in 1917 when this material became unavailable thru war conditions, potassium
carbonate was substituted. There is a moderate increase in the ecorn yield where
potassium has been used and particularly where residues are absent. Otherwise,
the small gain shown on some plots are offset by losses on other plots, but these
small differences are probably well within the limits of experimental error.

Thus it appears that on this field, under this system of farming, the lack
of phosphorus is the outstanding limiting factor in production and the applica-
tion of this etement in the form of steamed bone meal is attended by a high
financial profit.

In view of this remarkable response to bone meal on the Bloomington field,
it was of interest to know how other carriers of phosphorus would behave, and
aceordingly some experiments were planned to investigate this question. For
this purpose the plots were divided in 1924, and certain new treatments were
applied in order to compare the effeets of rock phosphate and of superphosphate
(acid phosphate) with bone meal, and at the same time to determine the residual
effect of the aceumulated phosphorus resulting from its continuous application
in presumably somewhat excessive amounts. Table 12 indicates the arrangement
of these new treatments and also gives the results of the four years in which
these later experiments have been in progress.

In arriving at the financial results presented in the table, the values of the
crops are based upon December 1 farm price quotations for the years in which
the respective crops were produced. In deducting the annual cost for the
different treatments, the total amounts of materials applied during the entire
period of operation on the field were prorated. The expense for limestone is
reckoned here at $3 a ton, rock phosphate at $14, superphosphate at $28, bone
meal at $48, and residues at 75 cents an acre.

In considering the results it should be borne in mind that they are based
upon only four years’ experience, a rather short period for drawing final con-
clusions in this sort of experimentation; also that the soil of these plots is
somewhat variable, with little provision for duplication; and that some of the
treatments are not now strictly comparable with one another on account of the
previous treatment of the plots. Nevertheless, making allowances for all of these
facts, certain figures in the last column of the table indicate effects worthy of
consideration. ‘

In answering the question whether other carriers of phosphorus would be
as effective as the bone meal in building up this soil, attention is called to the
results on Plots 2-N, 3-N, and 3-8, where bone meal, rock phosphate, and super-
phosphate .(acid phosphate) respectively have been employed in addition to
limestone and residues. Unfortunately the comparison here is not altogether
perfect in that the residues treatment on Plot 2-N was not introduced until
1924, whereas the other two plots had been under residues in the old system
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TasLe 12—BLOOMINGTON FIELD: NEw PHOSPHATE EXPERIMENTS
Crop Yields and Values 1924-1927—Bushels or (tons) and dollars per acre

53

Serial Treatment 1924 1925 1926 1027 Average annual acre values
plot Previ Present Cost of
Neo. revious esen QOats | Clover | Wheat | Corn Gross tre::m:nt Net
1-N [ B 3 A — 60.6 (.79 29.3 49.8 $28.09 $ .75 $27.29
1-8 Q: coans s Qs gavmiesuns s 58.4 (2.54) 19.5 41.0 30.18 | ...... 30.18
2-N Liamons e mimasini®id RLP (bone)...| 72.6 (1.63) 35.0 58.6 36.09 6.55 29.54
2-8 | RL........... 53.2 ( .75) 18.7 46.0 22.85 1.75 21.10
3-N | RLuveissswes RLP (rock)....| 68.2 (2.18) 32.5 63.6 37.88 5.25 32.63
3-8 S RLP (super)...| 71.3 (1.74) 41.0 67.6 39.80 4.55 35.25
4-N | LP (bone)....| RLP (bone)'...| 57.6 (1.81) 37.3 60.0 35.74 7.75 27,99
4-8 LP (bone)....| RLP (bone)?..| 67.2 (1.89) 36.7 63.6 37.89 5.35 32.54
5-N LKy swsss RLKP (rock)..| 63.2 (1.66) |. 32.5 61.4 34.83 7.54 27.29
% T I RLKP (super).| 78.4 (1,59) 40.7 69.4 40.26 6.84 33.42
6-N | RLP (bone) ..| RLP (bone)l...| 68.8 (2.18) 40.5 60.8 39.89 7.75 32,14
6-S RLP (bone) ..{| RLP (bone)2...| 71.6 (2.21) 40.0 64.2 40.79 5.35 35.44
7-N RLK; ;i RLKP (rock). .- 71.2 (2.11) 35.3 66.4 39.30 7.54 31.76
7-8 BLE s nves RLKP (super).| 80.9 (1.66) 40.7 74.8 41.79 6.84 34.95
8-N | LKP (bone)..| RLKP (bone)l.] 60.9 (1.69) 39.2 67.4 37.79 10.04 27.75
88 LKP (bone) ..] RLKP (bone)2.| 65.0 (1.59) 36.0 69.4 37.25 7.64 29,61
9-N | RLKP (bone) | RLKP (bone)!.| 60.9 (2.18) 43.8 75.8 42,63 10.04 32.59
9-8 RLEKP (bone) | RLKP (bone)2.| 72.2 (1.65) 41.5 77.8 41.51 7.64 33.87
10-N RKP (bone)..| RKP (bone)!..| 48.2 (1.93) 45.7 56.6 37.32 9.04 28.28
10-8 RKP (bone)..| RKP (bone)?..| 51.2 (1.53) 43.0 60.6 35.97 6.64 29.33
11-N (©] RP (rock)..... 70.4 (1.68) 45.3 61.8 39.74 4.25 35.49
11-8 ® RP (super)....| 60.0 (1.78) 44.5 63.0 38.88 3.585 35.33

iBone meal applications resumed in 1924. 2No bonemeal applied since 1917. *New plot added in 1924,

before the present experiments were begun and may therefore have an advantage
over the bone meal plot. However this may be, the results as they stand place
both rock phosphate and superphosphate ahead of bone meal.

It is interesting to observe that in the three plots giving the very highest
net return (Plots 6-S, 11-N, and 11-S) all three forms of phosphate—hone meal,
rock phosphate, and superphosphate—are represented in the respective treat-
ments and the differences among the results are so small as to be negligible.

Between rock phosphate and superphosphate four direct comparisons under
varying conditions are afforded. On the new plots, 11-N and 11-S, no limestone
has been applied and here the difference in the net returns from the two forms
of phosphate is insignificant.

In the other comparable tests between rock phosphate and superphosphate
(Plots 3, 5, and 7) limestone is used in the combination, and in each case the
superphosphate has given the higher net return. Thus, as is so often the case,
limestone appears to exert a depressing effect upon the efficiency of rock phos-
phate. In the final result, however, the simpler system of residues and phosphate
appears to be fully as effective, so far as net value of crops per acre is con-
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cerned, as the more complex systems in which limestone or limestone and potas-
sium are included.

On the whole, therefore, the data of these four years appear to furnish
no conclusive evidence for diseriminating among the three forms of phosphate.

For light on the question of residual effect of accumulated phosphorus in
the soil, attention is called to the results on Plots 4, 6, 8, 9, and 10, where the
north half-plots are now regularly reeeiving bone meal, while the south halves
have received none since 1917. Invariably the net return is higher on the south
half, thus indicating that the reserve phosphate accumulated in the soil from
previous applications is still exerting a beneficial effect that is more than ade-
quate to offset the expense involved in renewed applications.

By way of summarizing the main lessons brought out by the Bloomington
experiments, the following statements may be made.

1. The results indicate an outstanding phosphorus hunger.

2. This phosphorus need is satisfied by the application of either bone meal,
rock phosphate, or superphosphate.

3. So far as the data from these particular experiments are concerned,
there is no indisputable evidence for discrimination among these three carriers.

4. On these plots there is a pronounced residual effect from previous ex-
cessive applications of bone meal.

THE ALEDO FIELD
An experiment field on Brown Silt Loam On Clay is located in Mercer county
just west of Aledo. This field has been in operation since 1910. From its physi-
cal aspects this field should be well adapted to experimental work, the land being
unusually uniform in topography and in soil profile.
There are two general systems of plots and they are designated as the major
and the minor systems.

Experiments on the Major Series

The major system comprizes four series made up of 10 plots each. The
plots were handled substantially as described above for standard treatment until
1918, when it was planned to harvest the first crop of red clover on the residues
plots for hay and to plow down the second crop if no seed were formed. In
1921 the return of the oat straw was discontinued. In 1923 the rotation was
changed to corn, corn, oats, and wheat. In this rotation it was planned to seed
hubam clover in the oats on all plots, for use as hay or for soil improvement,
and common sweet clover in the wheat on the residues plots for use as a green
manure. Since these changes, no residues except cornstalks and the green manure
have been returned to the residues plots. The limestone applications were
temporarily abandoned in 1923. No more will be applied until there appears
to be a need for them. The phosphate applications were evened up to a total
of 4 tons an acre in 1924, and no more will be applied on the west halves of these
plots for some time at least.

Table 13 presents a summary of the results showing the average annual
yields obtained for the period beginning when complete soil treatment came into
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Tasre 13.—ALEDO FIELD: SumMmary oF Crop YIELDS
Average Annual Yields 1912-1927—Bushels or (tons) per acre

Serial . Wheat | Corn Oats Clover | Soybeans | Stubble
plot Soil treatment clovert
No. applied 18 crops | 21 crops | 15 crops| 6 crops 8 crops | 1crop

1 0. s o0 055w 98 B g g e e 30.0 55.8 57.6 (2.21) (1.60) (0.00)
2 M. cornensigeasssmss 34.7 69.6 64.7 (2.74) (1.63) (0.00)
3 | ML.....oovvvneienn. 35.0 73.7 67.7 (3.12) (1.60) (1.65)
4 | MLP.........ccovnn 36.7 74.9 68.1 (3.05) (1.61) (1.71)
5 | Bsvsnsimnesppeeesmns 30.7 58.2 59.7 (2.00) (1.61) (0.00)
6 B. . .ojsasssagessanye 31.4 64.3 60.7 (1.91) (1.65) (0.00)
7 | Bli . vrrnmesassssssss 33.7 71.6 66.1 (1.79) (1.88) (1.20)
8 |RLP.....covvvnnnnnn 37.7 74.1 67.4 (2.08) {2.03) (1.25)
9 |RLPK.............. 37.3 75.4 69.7 (1.73) (2.09) (1.57)
10 0. sss55 5 sgmmagagmes 30.1 55.9 58.0 (2.38) (1.62) (0.00)

Crop Increases

MoverO............ 4.7 13.8 7:1 ( .53) ( .03) (0.00)
RoverO............. oF 6.1 1.0 [—( .09) (.04) (0.00)
MLover M.......... 1 4.1 3.0 (.38) |—( .03) (1.65)
RLoverR........... 2.3 7.3 5.4 |—( .12) ( .23) (1.20)
MLP over ML....... 1.7 1.2 4 | —=(.07) ( .01) ( .06)
RLPover RL........ 4.0 2.5 1.3 ( .29) ( .15) ( .05)
RLPK over RLP. .... — .4 1.3 2.3 |—( .35) ( .06) ( .32)

1Hubam clover was grown on Plots 3 and 4, biennial white sweet clover on Plots 7, 8, and 9.

sway. The lower section of this table gives comparisons in terms of crop inereases
intended to indicate the effect of the different fertilizing materials applied.

In looking over these results we may observe first the beneficial effect of
animal manure on all crops, but especially marked on the corn. This suggests
the advisability of carefully conserving and regularly applying all stable manure
produced on the farm. Residues alone have been beneficial for corn but have
shown little effect on the other erops of the rotation.

Limestone has been more effective applied with residues than with manure.
An interesting fact not brought out in these averages is that the beneficial effect
has increased in the later years.

The addition of rock phosphate to the treatment has had very little effect in
the manure system. Somewhat more favorable are the results in the residues
system, but even here the margin of profit on these crop increases is too narrow
to assure the profitable use of rock phosphate applied in the manner of these
experiments. However, the economie story has not all been told, for the applica-
tion of lime and phosphate on these plots has been discontinued in order to ob-
serve the residual effects, and the results of the next few years, will be awaited
with great interest.

For the effect of potassium treatment (K) Plots 8 and 9 may be compared.
No significant response appears as the result of applying potassium, so far as
these common field crops show.

A number of problems have arisen out of the experience on this and other
experiment fields which eall for some revision of the investigations deseribed
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above, and accordingly certain changes have been made in the conduct of these
plots which are intended especially to throw more light upon the problems of
liming and applying phosphorus. (See Soil Report No. 29).

Special Phosphate Experiments

The so-called minor system of plots on the Aledo field is given over to a
comparison of the effectiveness of different carriers of phosphorus.

In this experiment each series contains four plots. Plot 1 receives residues
treatment only; Plot 2 receives residues and phosphorus in one of the forms
under test; Plot 3 receives residues, limestone, and phosphorus; and Plot 4 is
gimilar to Plot 3 with phosphorus omitted. On one series steamed bone meal
is used as the carrier of phosphorus and is applied at the rate of 200 pounds
per acre per year. On another series superphosphate (acid phosphate) is ap-
plied at the yearly rate of 33314 pounds per acre. On a third series rock phos-
phate serves as the source of phosphorus, applied at the rate of 66624 pounds
per acre yearly, and on the last series, basic slag phosphate is applied at the
rate of 250 pounds per acre yearly.

A summary of the yields on these plots is given in Table 14. The differ-
ences in erop yields presumed to have resulted from applying the various forms
of phosphatic fertilizers will be found in Table 15 for the twelve crops harvested
since the beginning of the applications up to 1927. In computing these com-
parisons each phosphate plot is compared with its neighboring non-phosphate
plot.

Aside from the soybeans, the figures show without exeeption more or less
crop increase on the phosphorus plots, no matter what the form of carrier em-
ployed.

TasLe 14—ALEDO FIELD: ProspHATE EXPERIMENT

General Summary—Average Annual Yields 1916-1927
Bushels or (tons) per acre

Plot . ) Wheat Corn Oats Clover | Soybeanst
NO Soil treatment applied
0 2 crops 5 crops 8 crops 1 crop 1 crop
BO1 | Ruvvsvevcomvnsvmsgoossuuss 38.2 60.4 66.1 (2.88) 18.9
502 | R,bonemesal............. 47.0 72.0 76.2 (3.25) 19.0
503 | RL, bonemeal............ 48.8 73.9 72.4 (3.48) ©23.2
504 { RL..... e g e e B S RSAE 38.8 68.0 64.2 (2.61) 22.6
601 | R...oooiiiiiiiiiiinnn 38.1 61.1 67.6 (3.17) 19.5
602 | R, superphosphate?......... 49.4 69.6 74.9 (3.23) 18.7
603 | RL, superphosphate?. ...... 51.3 72 .4 71.3 (3.53) 23.1
604 b Bli ;. sasisnanssmesivasss 40.0 66.7 65.3 (3.06) 24.6
() A I = AP 39.5 62.8 67.5 (3.41) 20.8
702 | R, rock phosphate......... 48.0 71.6 72.2 (3.60) 23.3
703 | RL, rock phosphate........ 47.1 72.5 67.4 (3.82) 28.1
Y04 ¢ Bl csonsesmisanpsasmesn 41.4 68.8 65.6 (3.15) 26.9
BO1L IR, 39.8 60.2 57.9 (2.62) 18.0
802 | R, slag phosphate......... 49.1 69.4 73.4 (3.66) 20.6
803 | R, slag phosphate........ 52.2 72.4 67.5 (3.63) 23.7
804 1 Rlicospompiswnyrosespooms 40.8 65.0 63.7 (2.99) 21.8

1No residues were applied for this crop. Z?Acid phosphate.
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TaeLe 15—ALEDO FIELD: AveracE ANNUAL Crop INCREASES PRODUCED BY THE VARIOUS
Forms oF PEOSPHATE, AND THEIR VALUE, CompuTeED FrROM YIELDS IN TABLE 14

Bushels or (tons) per acre

Wheat Corn Oats Clover Soy- Value | Cost of | Profit Profi
Comparison of beans of phos- from rofit
treatments increase | phate Per-atre
2 crops | 6 crops | 8 crops 1 crop 1 erop |12 crops | 12 years | 12 crops per year
Bone meal, residues, over resi-
Qa5 5 sove sninss o o 8.8 11.6 10.1 (.37 .1 $78.02 $48 | $30.02 | $2.50
Bone meal, residues, lime,
over residues, lime. ....... 10.0 5.9 8.2 ( .87) .6 66.97 48 18.98 1.58
Superphosphate!, residues,
over residues. .. .......... 11.3 8.5 7.3 (.06) | — .8 64.42 48 16.42 1.37
Superphosphate!, residues, ’ .
lime, over residues, lime...| 11.3 5.7 6.0 ( .47) |- 1.5 58.03 48 10.03 .84
Rock phosphate, residues,
over residues. ............ 8.5 8.8 4.7 ( .19) 2.5 62.37 48 14.37 1.20
Rock phosphate, residues,
lime, over residues, lime. .. 5.7 3.7 1.8 { .67) 1.2 39.60 48 |— 8.40 [— .70
Slag phosphate, residues,
over residues, ,........... 9.3 9.3 15.5 (1.04) 2.6 91.00 30 61.00 5.08
Slag phesphate, residues,
lime, over residues, lime.,.| 11.4 7.4 3.8 ( .64) 1.9 68.89 30 38.89 3.24

1Acid phosphate.

Attention has already been called to the difficulties in making exact com-
parisons of this nature on aceount of fluctuating prices of both farm products
and fertilizer materials. However, a set of arbitrary prices may be assumed
and for the present purpose values similar to those used in calculating the re-
sults from the Kewanee field will be employed. In the following comparisons,
wheat is placed at $1.20 a bushel ; corn, at 68 cents; oats, at 40 cents; soybeans,
at $1.50; and hay at $14 a ton. For the cost of the phosphatic materials, the
following estimates are used: bone meal, $40 a ton; superphosphate (acid phos-
phate), $24; rock phosphate, $12; and slag phosphate, $20. These values seem
to be conservative enough, and furthermore, it may be pointed out that the
quantities of phosphatic fertilizer employed in these experiments are, with the
possible exception of slag phosphate, greater than ordinarily would be used,
or need be used, in good farm practice.

The total value of all crop increases for the twelve years is shown in Table
15, as is also the total cost of the phosphates applied and from these figures
are derived the average annual acre profits shown in the last column of the table.

Reckoned on the basis of the above prices, it appears that the slag phosphate
has furnished the most profitable returns of the four phosphorus earriers in the
test, produeing an average profit of $5.08 an acre yearly where applied without
limestone, and $3.24 where applied with limestone. Bone meal has given an
average profit of $2.50 applied without limestone and $1.58 applied with lime-
stone. Superphosphate (acid phosphate) has returned $1.37 used without
limestone and 84 cents used with limestone. Rock phosphate has produced the
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lowest money returns, giving a profit of $1.20 an acre a year applied without
limestone and a loss of T0 cents used with limestone.

No consideration is given here to the relative phosphorus reserves which
should have accumulated in the soil. In considering these figures let it be em-
phasized again that the order of these values might easily be shifted by a rel-
atively small change in commodity prices.

We may next consider-the results from the standpoint of limestone, which
was applied at the rate of 4 tons an acre to Plots 3 and 4 of the minor series
in 1912, when the land was still under alfalfa. Another dressing of 2 tons
an acre was added in 1917, after the present experiments were under way. The
effect of this limestone, in terms of crop increase, is set forth in Table 16.

In estimating the financial results for the use of limestone, it is to be noted
that altho 6 tons an acre have been applied in the last sixteen years, only the
last 12 crops are involved in these particular experiments. For the present
purpose, therefore, it may be considered that three-quarters of the total amount
applied, or 414 tons, is chargeable to the 12 crops under consideration. At the
rate of $2 a ton the cost of the limestone, is therefore $9, to be charged against
the value of the total crop increases for the twelve years included in this ex-
periment. Figured in this manner we find a profit of $1.73 an acre a year for
limestone applie/d without phosphate of any kind. Where limestone was applied
with bone meal, the limestone profit was 56 cents an acre a year, and with super-
phosphate (acid phosphate) it was 96 cents. Used with rock phosphate, the
crop increases were so small that a loss of 30 cents an acre a year was sustained,
and with slag phosphate there was a gain of 48 cents an acre a year.

In view of the possible experimental error which is always involved in plot
experiments of this sort, these margins of profit cannot be considered very

Taste 16—ALEDO FIELD: AVERAGE ANNUAL Crop INCREASES PRODUCED BY LIMESTONE
AND THEIR VALUE, CoMmpuTED FrROM YIELDS IN TABLE 14

Bushels or (tons) per acre

Wheat Corn Oats Clover Soy- Value | Cost of | Profit Profit

Comparison of beans of lime- from | per acre
treatments increase | stone per year

2 crops | & crops | 8 crops | 1 crap 1 crop |12 crops |12 years | 12 crops

Limestone, tesidues, over
residues. ...ooovneceoane 1.4 6.0 |— .1 [—(.00) 4.7 $29.71 $9 $20.71 $1.73

Limestone, residues, bone
meal, over residues, bone
FREB s soaesgasns smotmoniy sim monslnd 1.8 1.9 |— 3.8 ( .23) 4.2 15.74 9 6.74 .56

Limestone, residues, super-
phosphate!, over residues,
superphosphatel.......... 1.9 2.8 {— 3.6 ( .30) 4.4 20.54 9 11.54 .96

Limestone, residues, rock
phosphate, over residues,
_irock phosphate........... - .9 9 [— 4.8 | (.22 4.8 5.42 9 |— 3.58 [— .30

Limestone, residues, slag
phosphate, over residues,
slag phosphate........... 3.1 3.0 |- 5.9 |—(.03) 3.1 14.79 9 5.79 .48

1A cid phosphate.
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pronounced. The Aledo field, however, represents one of those borderline cases,
so to speak, in which the upper soil is only slightly acid and the lime require-
ment, therefore, is not yet very marked. As time goes on, however, and cropping
continues, a greater need of lime may develop. It is planned to discontinue
liming on these plots until its need becomes manifest, and in so doing the annual
cost of the limestone already applied will become automatically reduced, so
that net returns may possibly, sooner or later, become substantially increased.

THE HARTSBURG FIELD

A University soil experiment field representing Black Clay Loam is located
in Logan county just east of Hartsburg. This field was established in 1911 and
embraces 20 acres. The soil is uniform with the exception of a small area in the
northwest part of the field which on the detailed map is identified as of the type
Brown Silt Loam On Clay. A thoro system of tile has been installed whereby
good drainage has been effected.

The somewhat standard rotation, including alfalfa and the soil treatment
methods deseribed on pages 43 and 44, were established on the five series of plots.
These methods were followed without change until 1918, when it was planned to
remove one hay crop and a seed crop of clover from the residues plots. In 1921 it
was decided to harvest all the clover as hay. At that time the return of the oat
straw was discontinued. In 1922 the return of the wheat straw was discontinued.
The only residues plowed under since that time have been the cornstalks, and the
green sweet clover before the corn. On this field the sweet clover has grown

TasLe 17.—HARTSBURG FIELD: Summary oF Crop YIELDS
Average Annual Yields 1913-1927—Bushels or (tons) per acre

‘Wheat Corn Qats Clover Soybeans Alfalfa Stubble clover
Serial .
plot Soil trea.tment Cormiiai
No. applied Hubam sweet clover
18 crops | 22 crops | 156 crops 7 erops 2 crops & crops 1 crop 1 crop
1 O 5005 i 4 e 24.9 48.4 46.1 (1.84) (1.29) (3.47) (.83) | ...c...
2 . 29.2 58.0 51.6 (2.16) (1.64) (3.67) (118} | ssvees
3 B B 34.0 64.2 57.4 (2.32) (1.82) (3.91) €91 | sesnes
4 MLP. wunsvsnans 36.2 63.4 56.8 (2.39) (1.92) (4.19) 117y | ......
5 s spummive samssin 29.7 53.7 45.4 (1.28) (2.58) (3.33) (G5 1 TR R ——
6 B v 0n@ SR RS ERTEES 32.7 63.3 53.4 (1.67) (2.68) (3.78) (.75) ( .85)
7 RL...ooooveenn.. 30.1 66.8 51.6 (1.64) (2.84) (3.45) ( .68) ¢ .75)
8 RLP............. 34.3 66.8 55.1 1.79) (2.61) (4.04) (.72) ( .90)
9 RLPE ;. cvunmvsn 33.4 65.2 54.5 (1.70) (2.64) (4.16) ( .80) (1.00)
10 Oinviownns sosniss 30.5 52.7 47.1 (2.02) (1.69) (3.20) («®8) | cevwus
Crop Increases
MoverO......... 4.3 9.6 5.5 ( .32) ( .35) ( .20) ( .32) O —
Rover0,........ 3.0 9.6 8.0 ( .39 ( .10) ( .45) (.04) | ......
ML over M....... 4.8 6.2 5.8 ( .16) (.18) (.24) |—(C.29) | ......
RLoverR....... - 2.6 3.5 [— 1.8 |—( .03) (¢ .16) | —( .33) (.07 |—-( .10
MLP over ML.... 2.2 |- .8 |— .6 (.07 ( .10) ( .28) ( <28) | counee
RLP over RL..... 4.2 0.0 3.5 ( .15) -( .23) ( .59) ( .04) { .15)
RLPK over RLP..|[— .9 |— 1.6 [— .6 |—( .09) ( .03) ( .12) ( .08) ( .10)
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satisfactorily on the unlimed plots. The application of limestone was also dis-
continued in 1922 after amounts ranging from 74 to 10 tons an acre on the
different series had been applied, and no more will be added until further need
for it becomes apparent. In 1923 the phosphate applications were evened up
to 4 tons an acre on all plots, and no more will be applied for an indefinite period.
At that time the rotation on Series 100, 200, 300, and 400 was changed to corn,
corn, oats, and wheat, with a seeding of hubam clover in the oats on all plots, and
a seeding of biennial sweet clover in the wheat on the residues plots. On Series
500 the rotation was changed to corn, oats, wheat, and a mixture of alfalfa and
red clover for one year. o

The outstanding feature of the results of the Hartsburg field is the large
increase in yields produced by organic manures, whether they be in form of
crop residues’ (R) or of stable manure (M).

The behavior of limestone (L) on this field presents a peculiarity difficult to
esplain in that limestone has been much more beneficial where applied with
animal manure than where used with residues. With the exception of a single
crop, limestone used with manure shows considerable increase and has given
profitable returns on the investment, while in the residues system the effect
of this material on several of the crops appears as negative and its use in this
system has been attended by a financial loss.

Rock phosphate (P) has found its most effective place in these experiments
in the production of wheat and of alfalfa, particularly in the residues system,
but its effect on the other erops has been so indifferent that, on the whole, the
use of this material has not proved profitable on this field.

The addition of potassium (K) in the combinations here employed has like-
wise been ineffective.

In 1924 these plots were divided and some new treatments designed to
furnish further information regarding the effect of phosphorus fertilizers on
this soil were introduced. The west halves were continued under the old treat-
ments except that the phosphate applications were discontinued indefinitely
after a total of 4 tons an acre of rock phosphate had been applied. These
later experiments have scarcely continued long enough, however, to furnish
results of sufficient reliability for discussion at this time.

THE VIENNA FIELD

Morgan eounty, as indicated in the descriptions of certain of its soil types,
ineludes considerable land that is subject to destruction thru erosion or washing.
Yellow Silt Loam, which occupies about 80 square miles in the county, is
particularly susceptible to this kind of damage. Operators of land in Morgan
county will therefore be interested in experiments conducted on the Vienna field,
in Johnson county, to test out different methods of reclaiming badly gullied
land and preventing further erosion.

The Vienna field is representative of the sloping, erodible land so common
in the extreme southern part of the state. When the experiments were started
the whole field, with the exception of about three acres, had been abondoned be-
cause so much of the surface soil had washed away, and there were so many gullies
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Fig. 11.- -PROPER SoiL AND CROPPING METHODS WOULD HAVE PREVENTED THIS CONDITION

This abandoned hillside is just over the fence from the field shown in Fig. 12. Yellow
Silt Loam is particularly susceptible to this kind of damage.

that further eultivation was unprofitable. For the purpose of the experiments
the field was divided into different sections (see Table 18). These were not
entirely uniform; some parts were much more washed than others, and portions
of the lower-lying land had been affected by soil material washed down from
above. The higher land had a very low producing capacity ; on many spots little
or nothing would grow.

Limestone was applied to the entire field at the rate of 2 tons an acre. Corn,
cowpeas, wheat, and clover were grown in a four-year rotation on each section
except the one designated as D, which included but three plots.

F1g. 12—CorN GROWING ON AN IMPROVED HILLSIDE OF THE VIENNA EXPERIMENT FIELD
This land had formerly been badly eroded. It was reclaimed by proper soil treatment
and eropping. Compare with Fig. 11.
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TasLe 18.—VIENNA FIELD: HanprinG HiLLsipE LAND TO PREVENT Erosion
Average Annual Yields, 1907-1915—Bushels or (tons) per acre

Seation Method bow | iom | Shre
A TBITAGE - « ve v noe s s 08 Eo a8 66 G700 & %m0 8w 5w e n 31.4 9.0 ( .68)
B Embankments and hillside ditches. .. ............ 32.4 12.7 (.97)
C Organic matter, deep contour plowing, and con-

tour planting. .. ......oieii i 27.9 11.7 ( .80)
D CREBIE < & v v s wire s o 0 6 it B8 e & 605800 B 5 0500 50 6 50 8 & i 14.1 4.6 ( .21)

Section A included the steepest part of the field and contained many gullies. The land
was built up into terraces at vertical intervals of 5 feet. Near the edge of each terrace a small
diteh was placed so that the water could be carried to a natural outlet without much washing.

Section B was used to test the so-called embankment method. Ridges were plowed up
which were sufficiently high so that when there were heavy falls of rain the water would break
over and run in a broad sheet rather than in narrow chanmels. At the steepest part of the
slope, hillside ditches were made for carrying away the run-off.

Section C was washed badly but contained only small gullies. Here the attempt was made
to prevent washing by incorporating organic matter in the soil and practicing deep contour
plowing and contour planting. With two exceptions, about 8 loads of manure an acre were
turned under each year for the corn erop.

Section D was washed to about the same extent as Section C. Tt was farmed in the most
convenient way, without any special effort to prevent washing.

Careful records were kept for nine years. The results, summarized in Table
18 indicate something of the possibilities in improving hillside land by protecting
it from erosion. The average yield of corn from the protected series (A, B, and
C) was 30.6 bushels an acre, as against 14.1 bushels on the check series (D).
Wheat yielded 11.1 bushels on the protected series, in comparison with 4.6
bushels on the check, and clover yielded 44 of a ton on the protected series and
but Y4 of a ton on the check.

Figs. 11 and 12 serve further to indicate what may be done with this type
of soil even after it has become badly washed and gullied.

Altho these results show in principle the possibility of improving this land,
it cannot be said that the experiments as conducted represent directly the most
economical system of farming. Towever, it appears possible that by modifying
the cropping plan in some manner, as for example, substituting sweet clover for
cowpeas and giving large place in the farming system to hay and pasture crops,
production might be substantially increased and thus a system of farming in-
stituted that would represent a profitable enterprise.

THE OQUAWKA FIELD

Sinee there are considerable areas of Dune Sand, Terrace, in Morgan
county, experiments on that type conducted by the University in Henderson
county near the Mississippi river, will be of interest. The field was established
in 1913. It is divided into six series of plots. Corn, soybeans, wheat, sweet clover,
and rye, with a cateh erop of sweet clover seeded in the rye on the residues plots,
are grown in rotation on five series, while the sixth series is devoted to alfalfa.
When sweet clover seeded in the wheat fails, cowpeas are substituted. Table 19
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TasLe 19.—0OQUAWKA FIELD: Summary oF Crop YIELDS
Average Annual Yields 1915-1927—Bushels or (tons) per acre

Serial 1 Corn Soy- | Wheat Rye Sweet | Alfalfa
plot Soi tre?txélent beans! clover?

No. appue 18 crops | 18 crops | 13 crops | 11 crops | 9 crops | 10 crops
1 T T 19.9 10.0 8.7 12.6 0.00 ( .44)
2 WL, e s w805 506 50 5 B S0 £ 5 25.4 12.0 12.0 14.5 0.00 (1.16)
3 ML... ... 34.8 16.4 17.1 249 1.09 (2.49)
4 MLP. .. i 34.2 15.8 17.3 23.8 1.13 (2.57)
5 Qi ssamsammsyserrenvsssamss 19.4 7.9 10.8 11.2 0.00 ( .66)
6 B i wacrsmnis ey s Hass@wss 21.1 8.3 12.5 11.6 0.00 (.72)
7 B, v v srmen £ 5 0 508 & 0 60858 575 & 36.6 12.0 16.1 24.0 1.43 (2.23)
8 RLP. ... 36.4 12.7 16.6 24.0 1.32 (2.24)
9 RLPK..........ccooiiiunn 38.4 12.5 16.0 25.7 1.52 (2.29)

10 O s s mmus smn e esspmmsss s 18.4 T2 10.0 9.0 0.00 ( .48)

Crop Increases
M over Qs cosviessswsasany 5.5 2.0 3.3 1.9 0.00 (.72)
RoverO................... 1.7 .4 1.7 .4 0.00 ( .06)
MLover M................ 9.4 4.4 5.1 10.4 1.09 (1.33)
RLoverR................. 15.5 3.7 3.6 12.4 1.43 (1.51)
MLP over ML, . ........... - .6 |— .6 2 = 1.1 .04 ( .12)
RLPover RL.............. - .2 .7 .5 0.0 |[— .11 (.01)
RLPKover RLP........... 2.0 [— .2 [— .6 1.7 .20 ( .05)

‘Eleven regular crops, together with the extra crop described in the following footnote, aver-
aged as 11 crops. Several crops which were harvested as seed are evaluated in this summary as

hay.
*Some hay evaluated as seed. In 1918 the sweet clover was killed by early cutting for a hay
crop. Soybeans were seeded in July and the ensuing erop is included in the soybean average.

indicates the kinds of treatment applied. The amounts of the materials used
were in accord with the standard practice, as explained on pages 43 and 44.

Limestone (L), it will be noted, has had a remarkably beneficial action on
this sand soil. Where it has been used in conjunection with crop residues, the
yield of corn has been practically doubled. It has also produced good crops of
rye and fair crops of sweet clover and alfalfa.

This land appears to be quite indifferent to treatment with rock phos-
phate (P). The analyses show, however, that the stock of phosphorus in this
type of soil is not large; and as time goes on and the supply diminishes under
the production of good-sized erops, the application of this element may become
profitable. It is also quite possible that a more available form of phosphate could
be used to advantage on this very sandy soil.

The slight increases or decreases from the use of potassium (K) ecan
searcely be considered significant.

A significant fact which the above summary does not bring out is that im-
provement in crop yields under favorable treatment has been progressive, as
evidenced by a marked upward trend in production after the first few years.
The yield of corn, for example, under the limestone-residues (RL) treatment,
has been 36.6 bushels an acre as an average for the 13 crops since full treatment
started. but if we take an average of the last five crops the yield rises to 39.5
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bushels. Likewise the wheat under this same treatment gives for the 13-year
average 16.1 bushels, but for the last five years has given 22.8 bushels.

Experience thus far shows rye to be better adapted to this land than wheat,
and both alfalfa and sweet clover grow better than soybeans. With these two
legume crops thriving so well under this simple treatment, we have promise of
great possibilities for the profitable culture of this land, which hitherto has been
considered as practically worthless.

Manure Manure and limestone
Yield: Nothing . Yield: 4.43 tons per acre

Fig. 13.—ALFALFA ON THE OQUAWEKA EXPERIMENT FIELD

These pictures show the possibility of improving this unproductive sandy land. Both
plots were seeded alike to alfalfa. Where manure alone was applied, the crop was a total
failure, but where limestone in addition to manure was applied, nearly 4% tons of alfalfa
hay was obtained as the season’s yield.
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