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THE CHE.MICAL COMPOSITION OF SOILS.
HARRY SNYDER.

The work reported in this bulletin is a continuation of the soil
investigations reported in bulletins Nos. 30 and 41 of this station.
Representative samples of soil from different parts of the state
have been obtained and analyzed with the view of determining, as
far as our present methods will allow, the amount of reserve plant
food in our soils. The soil samples have been taken mainly by
o:ludents of the College and School of Agriculture of the University of Minnesota. A complete record of the soil and of the crops
produced was, in nearly all cases, secured, including the exact location of the fields sample(\ and the nature of the vegetalion and the
former productiveness of the soil. It is hoped that after a number
of years of cropping, soil samples, from many of these same farms
will again be taken and analyzed with the object of obtaining results as to the influence of different methods of farming upon the
fertility of the soil. Samples of the soils analyzed have been preserved with the view of applying any improved method that may
be devised for the determination of the available plant food.
Since many of the soils were secured from the farms of the students of the College and School of Agriculture, ample opportunity
was afforde(l for a class room studv of the results obtained. This
has been of material value because it has given an opportunity for
the chemist who made the analyses to meet and discuss the results with those who have cultivated the soils and are familiar with
their productiveness and unique characteristics.
It is believed hy many that the object of a soil analysis should be
to determine the amount of available plant food, and during the
last few years particular attention has been given to this phase of
the work. ·various dih1te solYents ha\'e been tried for extracting
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the available plant food but as yet the methods proposed have not
passed the experimental stage. In another part of this bulletin
the subject of available plant food is discussed in detail.
In this work the t1se of hydrochloric acid as a solvent has been
continued, and it is believed that a complete soil analysis with this
solvent gives more information as to the general character of a
soil than could be secured by the use of some weak solvent for the
determination of only one or two constituents. While the complete chemical analysis of a soil requires considerable time and is
e.xpensive, it is believed that the results secured are of sufficient
value to compensate folly for the time and labor involved. In this
work it has been fotmd that the best results are obtained when a
number of soils of known fe1'tility are analyzed and the results
compared with soils of donbtfnl crop producing power from the
same locality. :\ soil analysis when properly interpreted is often
capable of giving a general insight into the character of a soil and
indicating whether the elements are present in what may be
termed a balanced condition.
In many soils there are high percentage amounts of nitrogen,
phosphoric acid, and potash, but good crops cannot be produced
because of an unbalanced condition existing between the acid and
basic constituents of the soil. Hence, in the interpretation of the
results of a soil analysis the aim should be to consider the results
in relation to each other rather than to consider each separately.
EXPLANATION OF TERMS USED.

Skeleton.-The term skeleton is used to designate the amount
of coarse material in the soil. Particles of gravel and coarse sand,
which fail to pass through a sieve with holes . 02 inch in diameter,
constitute the skeleton. The part which passes through the sieve
is called fine earth. The amount of skeleton in soils will be found
to range from I to 20 per cent. or more. In making a chemical
analysis, only the fine earth is used, since the plant food in the
coarse particles is in less accessible forms.
Hmnus.-This term is applied to the partially decayed animal
and vegetable matter of the soil. Humus is composed of a large
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number of organic compounds some of which are in chemical combination with the mineral matter of the soil forming the humate
compounds. The value of humus has been discussed in former
bulletins of this station (Nos. 41 and 53). Briefly stated, humus
influences the physical properties of the soil, as power to absorb
water and resist drought, and the chemical properties by rendering
the inert plant food more active and available. The humus does
not include all of the organic compounds of the soil, and the lmmus from two soils may be extremely unlike in composition and
agricultural value because of the differences in the sources of the
materials from vvhich the humus \Vas formed.
Nitrogc11.- The total nitrogen given in the tables of analyses is
present largely in organic forms., Nitrogen is one of the elements
of which humus is composed. The value of nitrogen in plant nutrition has been extensively discussed 111 experiment station
publications. 1,Vhen combined with the humus, the nitrogen must
be broken down into simpler compounds before it becomes available as plant food. \Vhen the humus is broken clown and nitrates
:rnd ammonium compounds formed, the nitrogen cannot be retained in the soil because both of these compounds are lost by drainage
while the ammonia may also be lost by volatilization. Nitrogen is
one of the chief elements of fertility. It is the most expensive
element of plant food, and when the land is given a one crop
treatment, as all wheat farming, the nitrogen is gradually reduced
below the point necessary for good crop production. Causes
for the decrease of nitrogen as excessive grain farming, summer
fallowing, and burning over of stubble land have been di~cussed
in previous bulletins to \Yhich the reader is referred for further in. formation upon the subject. The decline in fertility of our prairie
soils has been clue more to the loss of nitrogen and humus than to
any other cause.
Insoluble M atter.-The insoluble matter of a soil is the residue that is left after the soil is treated with hydrochloric acid of
23 per cent. strength for thirty-six hours, and is composed of sand
and insoluble silicates. The insoluble residue cannot contribute
to plant growth, as the elements are in such stable forms that they
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are una\'ailablc for crop purposes. Soils in general are composed
of from 75 to 80 per cent. or more of insoluble matter. It will
thus be seen that even in our most fertile soils over three quarters
of the material with which plant roots come in contact is insoluble
matter which cannot contribute to growth. In sanely and heavy
clay soils the insoluble matter may amount to 88 per cent. of the
total soil. The insoluble matter cannot be taken as an index of fertility or lack of fertility because what is dissolved in the acid is
not necessarily all plant food.
Potash.-- The potash given in the tables of analyses is that
soluble in the hydrochloric acid used for extracting the soil. It
is not in the same form as the commercial potash used for soap
making, lmt is the potassium oxid that is combined with the acid
constituents of the soil. The element potassium is combined
mainly with the elements oxygen and silicon forming silicates
which are frec]tiently found combined with vaPious bases in the
form of double silicates. The amount and form of the potash compounds of the soil have a great influence upon crop growth. The
tables give the amounts of the potash, but unfortunately this
potash is not all equally valuable as plant food. In a properly
balanced soil, the potash is not so liable to be unavailable as are.
some of the other elements. In the interpretation of results the
potash and lime should be considered jointly, as explained on page
9.
Soda.-Since sodium takes, at the most, only a minor part in
plant nutrition it would not be necessary to consider this element
if it were not for the fact that in some soils an excess in the form
of carbonate, sulphate, or chloricl may be injurious to vegetation.
The sodium compounds of the soil may, however, when present in
small amounts be of value, furnishing the necessary basic material for nitrification.
Lime.-The figures given for lime represent the amount of
calcium oxide dissolved by the hydrochloric acid. The lime is not
necessarily in the form of carbonate or limestone but frequently is in the form of silicate. If a soil contains .5 per cent. of lime,
and from .2 to .3 per cent. or more of combined carbonic anhyclricl
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the lime is present mainly as lime carbonate. \Vhen considering
the lime the reader should also note the per cent. of carbonic anhydrid. In many cases the high per cent. of carbonic anhydrid
shows that the lime is in the form of carbonate. It is very desirable
for a soil to contain a good stock of either lime carbonate or sulphate, which are active forms of basic material, and are also forms
not injurious to vegetation. The active lime compounds of the soil
take an important part both directly and indirectly in imparting
fertility in the following ways: ( r) By aiding nitrification or rendering the soil nitrogen available; ( 2) by preventing the soil from
becoming acid; (3) by enabling the potash and other clements
to be assimilated by crops; and ( .i) by improving the physical
condition of soils.
NI agnesia.-The amount of magnesia that a soil contains deserves consideration because the magnesium compounds arc capable of influencing nitrification and acting upon the soil in a
similar way to the corresponding lime compounds. Some of the
soils of the Red River Valley, which rank among the most productive grain soils of the world, contain from r to 3 per cent. of
magnesium carbonate. vVhile mag·nesium takes an important
part in plant nutrition it is not considered necessary to add this
material to fertilizers because most soils contain a sufficient
amount for crop purposes.
Iron and Aluminia.-In the tables of analyses it will be observed
that the amounts of iron, (as ferric oxid) and aluminia, exceed the
amounts of nearly all of the other constituents of the soil. The
acid soluble part of soils is composed largely of aluminia and iron
compounds, originally present as acid soluble silicates. Aluminia
takes no part in plant nutrition. The amount of iron removed
by crops is relatively small compared with the nitrogen or potash.
Neither the iron nor the aluminia compounds are of themselves
particularly important ingredients of a soil but a large part of
the plant food is frequently combined with them as the phosphoric
acid, which forms insoluble phosphates of iron and aluminia; these
are unavailable as plant food.
Phosphoric Ac1:d.-The figures given in the tables for phospho-
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ric acid or anhydrid are for the phosphorus pentoxid content of the
soil. The form in which the phosphates are present has a great
influence upon fertility. In prairie soil a part of the phosphoric
acid is in chemical combination with the humus. In many soils the
phosphoric acid is co1i1bined with the iron and aluminia. If the
soil contains a sufficient amount of humus and available lime
or other active alkaline matter, the phosphoric acid combined ·with
the humus is available as plant food. If the soil is in an acid
condition the phosphates combined with the humus are unavailable. A good content of phosphoric acid is very desirable, particularly when associated with the humus and alkaline matter.
Carbonic .A11h31drid.-The carbonic anhydrid or carbonic acid
gas which a soil contains depends upon the amounts of lime and
magnesium carbonates present. A liberal amount of carbon
dioxid from carbonates in a soil is desirable, provided there is not
an excess of either potash or soda. As stated in the paragraph
relating to lime the amount of carbon dioxid in case the soil is not
excessively rich in organic matter can be taken as an index of the
form of the lime.
Volatile Jfatter.--By the term volatile matter, as used.in soil
analysis, is meant that part of the soil that can be volatilized at
a high temperature. The volatile matter is composed largely of
organic matter, water held in chemical combination by the hydrated silicates, and small amounts of combined carbon dioxid. By
many the volatile matter has been confused with the vegetable
matter. Clay subsoils containing but little vegetable or other
organic ma!!er, may contain from 5 to 7 per cent. of volatile
matter in the form of water held _by the hydrated silicates.
The volatile matter tells only in. an indefinjte and general way the
amount of vegetable matter contained in a soil. Soils of high fertility contain from IO to 12 per cent. or more of volatile matter. In
some peaty soils the amount may exceed 50 per cent. A high
per cent. of volatile matter is not always an index of fertility.
INTERPRETATION OF RESULTS.

Infallible rules for the interpretation of the results of soil
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analysis, applicable to all classes of soil, cannot be formulated. It
is of more importance to consider the general make-up or character
of a soil than that a soil should contain a certain specified amount
of each plant food element.
From the work reported in this and in former bulletins it has
been found that many soils of high fertility possess certain important characteristics which are capable of being revealed by
a chemi-cal analysis. It is not intended to convey the idea that
a chemical analysis is alike capable of determining the productiveness of all classes of soils. The chemical analyses reported in
this bulletin have been· supplemented by numerous mechanical
analyses, and in addition to the usual determinations using hydrochloric acid as a solvent, other determinations have been made;
as the humus by the modified Grandeau method, phosphoric acid
content of the humus, total nitrogen, lime in the form of carbonate
soluble in carbonated water as proposed by Hallemann, and the
reaction of the soil. In discussing the individual soils all of the
results by these various determinations have been used. For the
sake of brevity, however, the tabulated results are given only in
one place, but the reader can from the soil numbers identify the
individual soils given in the various tables.
Many. of the soils examined, particularly the subsoils, lrn.ve
shown
general composition like soil No. 2, while a few have
shown a general composition like No. r. Soils like No. 2 have
invariably been of high fertility, while some of the soils similar
to No. I have also produced good crops. The composition of the
two types of soil is given in the following table :

a

TABLE !.-Soil Types.

Total insoluble matter ................................................ .
Potash ....................................................................... ..

~f!~::::::::.::::::::::::::::::::·:::::·::::::::::::::::::::::::::::::.:::::::::::

Magnesia ................................................................... .
Iron .and aluminia ............. : ......................................... .
Phosphoric anhydrid .................................................. .
Carbonic anhydrid .................................................... .
Sulphuric anhydrirl ............... : ................................... ..

£;~~~~-i.~~~.g.~~:::::::::::::::::::::::::::::::::::::::::-:·:::::::·::::·:::::

SOIL 1

S1llL 2

Per cent.
82.40
.45
.33
.45
.22
. 6.27
.1.8
.01
.01.
.22
2.60

Per cent.
80.25
.40
.30
.45
.20
6.1.2
.15
.20
.03
.18
1.88

From the table it will be seen that soil No.

I

contains more

s
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nitrogen, phosphoric acid and potash than soil No. 2; but soil No.
2 annually prodllces larger crops than soil No. r. How are these
facts to be harmonized? If judged by the standard of highest
per centage amounts, soil No. I should be the more productive,
but soil No. 2 is the more productive.
In soil No. I a low per cent. of carbonic and sulphuric anhydrids
is found. In this soil the lime and magnesia are not present as
either carbonate or sulphate. The soil is deficient in active basic
material and as a result nitrification is slow and there is a lack of
available nitrogen. Soil No. I contains a relatively high per cent.
of humus, a valuable material, but the absence of active basic
material in this soil rcstilts in the formation of humic acid and the
soil becomes sour. There is a high per cent. of potash but in
the absence of available lime or other alkaline matter the potash
cannot become available. Neither can the phosphoric acid become
available while the soil is in its present condition but in the
presence of sufficient alkaline matter the phosphoric acid combines with the organic matter and becomes available. While soil
No. I contains a high percentage amount of nitrogen, phosphoric
acid, and potash, the soil is not one of high productiveness because
of the unbaJanced condition of the acid and basic constituents.
On the other hand, a soil may be unbalanced by containing an
excessive amount of alkaline matter as in the case of "alkali"
soils.
Soil No. 2 contains less nitrogen, phosphoric acid and potash
than No. ! but a better balanced condition of the elements exists.
The higher percentage amounts of carbonic and sulphuric
anhydrids indicate that the lime and magnesia are present mainly
in the forms of carbonates and sulphates. The more active forms
of the alkaline compounds in this soil (No. 2) promote nitrification, enable the potash to become available, and as a result better
crops are produced. Consequently in this soil there is a better
balanced condition of the plant food than in No. I, which contains
a higher percentage amount of plant food. Hence it will be seen
that in the case of soils of high fertility a lil;>eral amount of plant
food exists in neither an excessively acid nor alkaline condition,
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and that chemical analysis is frequently of value in determining
whether the elements are present in a soil in a balanced condition.
Soils of high fertility are occasionally met with that do not possess all of the features of soil No. 2, while some soils like No. r
have produced good crops. No soil of this state has as yet been
analyzed that possessed all of the characteristics of soil No. 2
and was deficient in available plant food. In examining the
tables the following tentative standards may be applied. They
have been used in class room work at the School of Agriculture,
University of Minnesota, for the interpretation of the results
reported in this bulletin and have been found to give reasonably
correct interpretations of the analytical results. As to what extent
they can be applied to soils of widely different character, and from
other localities cannot be stated, but they have given good results
under the conditions to which they have been subjected.
Lime.-Soils which contain from .3 to .5 per cent. or more of lime
and from . I to -4 per cent. of combined carbon clioxid, and are not
strongly charged vvith alkaline salts, are reasonably well supplied
with active lime compounds. If, however, the soil contains only
from .or to .02 per cent. of carbon dioxicl and a similar amount of
sulphur dioxid then the lime is probably present as a silicate, in
which case the soil may stand in need of a lime fertilizer. Some
soils have been observed which yield only .or per cent. or so of
carbon dioxid but contain . ro per cent. or more of sulphur clioxid;
in such cases the lime is present as sulphate, an equally active form.
Many surface soils appear to be deficient in lime, while the subsoils are well supplied. A low per cent. as .or of carbon and
sulphur dioxids in both the surface and subsoil is generally an
indication that the lime is not in an active form. A large amount
of organic matter in the surface soil may result in the liberation of
sufficient carbon dioxide to cause trouble in the interpretation of
results; hence, it is m'ore desirable to consider the subsoil percentage, as the subsoils contain, as a rule, but little organic matter.
Nitrogen.-Prairie soils of average fertility show high percentages of nitrogen. Virgin soil from the Reel River Valley has
been found with .6 per cent. of nitrogen. Soils of average fertility
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contain from . 15 to .20 per cent. \Vi th less than .07 per cent.
there is usnally a decided deficiency. The availability of the
nitrogen clcpencls largely upon the condition of the soil. If there
is a good supply of available lime or other basic matter the conditions arc favorable for nitrification, . and a smaller percentage
amount of nitrog·e1J will suffice for crop growth. Warington
states that not more than 2 per cent. of the total nitrogen of the
soil is available as plant food at any one time. Three-tenths per
cent. of nitrogen is equivalent to about 10,000 pounds per ace to
the clepth of one foot. If r per cent. were available there would
be only mo pounds of available nitrogen, of which but a small
part comes in contact with the roots of crops. Thus it will be
seen that \vhile a soil may contain a large amount of total nitrogen,
it may still be deficient in available nitrogen. Average soils with
.15 per cent. of nitrogen, and with a good stock of available lime
are not apt to be deficient in available nitrogen. The appearance of the foliage of a crop is a safe guide as to .the availability
of the nitrogen. \Vith a good supply of available nitrogen the:
leaves of plants are large and of a deep green color. Small leaves
of a yello\vish tinge are an indication of an unavailable form of the
nitrogcu.
Potash.-Fcrtilc soils nsnally contain from .3 to .6 per cent. of
potash. The availability of the potash depends upon the general
character of the soil. vVith a good supply of available lime or
magnesia the potash of the soil is usually in an available form.
A soil may contain .50 per cent. of acid soluble potash, but in.
the absence of lime or other basic material the crops may suffer
for the \\'ant of potash. In considering the availability of the
potash the lime and magnesia should be considered jointly with
the potash. Soils that contain -4 per cent. of potash and .4 to
.5 per cent. or more of lime as carbonate or sulphate are as a rule
well supplied with available potash.
Phosj'Jhoric Acid.-Hilgard states that if the soil contains less
than .05 per cent. of phosphoric acid there is in all probability a
poverty of this element. "A soil that gives an alkaline or neutral
reaction and contains . r 5 per cent. of phosphorus pentoxid, and is
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well supplied with organic matter and lit'ne, is amply provided
with phosphoric acid, and under such conditions the extensive
use of phosphate fertilizers is not required except possibly for
special crops." (Chemistry of Soils and Fertilizers.) In considering the availability of the phosphoric acid, the following facts
should be observed: Is there ( r) a reasonable amount of total
phosphoric acid (at least .12 per cent.); (2) a good working
supply of humus, so that humic phosphates may be produced; and
( 3) a good supply of available lime or other alkaline matter to prevent an acid condition of the soil?
As the reader examines the tables he will obst>rve that there
are frequently large areas of the state that are not represented. In
fonnc:· bulletins reports are given of soils from many uf the
localities that are not included in this report. In all about three
hundred and fifty samples of soil have been analyzed '.lrnl in tiii:;
bulletin the analyses of one hundred and twenty-six surface and
sul:>:oils are given. Because of the extreme variatio,1 iu the
composition of the soils from different parts of t11e state, no
attempt has yet been made to make soil maps. Thi;; can be
done inore intelligently after a larger number of soils l1ave bee11
collecttci and analyzed. In this report the soils have \wen grouped
geographically. The soils from the southeastern part of Minnesota are given first, then those from the southwestern part
followed by those from the northwestern and finally those
from the northeast. Analyses have been made of both the surface
and subsoils and in the discussion of results they are jointly considered.
DISCUSSION OF RESULTS.

Soil No. 563 (subsoil 564) from Castle Rock, Dakota County,
has been under c11ltivation for about thirty-five years. Wheat
and small grains have been the main crops produced, some clover
and timothy have been· grown, and duririg the past fifteen years
liberal . use has been made of farm manure. Both the surface
soil and the subsoil contain a good supply of lime. The carbonic
and sulphuric anhydrid percentages indicate that a large part
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of the lime is in the active forms of carbonate and sulphate. The
potash is high, and a good supply is present and av.ailable because of the active form of the lime. The soil is well stocke<i
with phosphoric acid, which is available because the soil contains
a good supply of humus and active lime and potash. In the
presence of basic material the humus and phosphoric acid mav
combine and form available plant food.
The fact that small
grains have not been grown exclusively and that manure has been
used, and some clover and hay crops grown, is shown by the high
nitrogen ancl lrnrnus content of the soil. In this soil and subsoil the acid and basic constituents are well balanced, and the
soil is one of high fertility.
Soil No. 557 (subsoil 558) is from the same locality as soil No.
563 and has the same general composition. The land was originally open prairie. The farmer who took the sample reported
that the soil \ms all yerv much alike in texture and crop producing
power. The sample is a composite one from a large farm which
has been cultivated about thirty-five years to wheat, oats, flax, corn
and grass crops. During the past ten years farm manure has
been liberally used. The manure has been applied directly to
the pasture. Soiling crops have been raised and fed, thus reducing
the pasture land to one-third of the former acreage. The soil
is so similar in composition to I\ o. 563 that the statements made of
the former regarding the plant food and its availability apply
equally well to this soil. The high per cent. of plant food, and
the balanced condition of the elements, together with the intelligent system of farming followed, have resulted in maintaining the
original productiveness of this soil.
Soil No. 535 (subsoil 536) is. also from Dakota County. The
surface soil contains less insoluble matter than is found in the
samples previously reported from this county. The high per
cent. of soluble aluminia is particularly noticeable. The soil is
one of high fertility and is well stocked with plant food in available forms. The soil has been cultivated thirty years in about the
same way as soils Nos. 557 and 563.
Soil 1'\o. 513 (subsoil 514) from Lakeville, Dakota County, is
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rich in plant food, p::i.rticularly in nitrogen. In these soils there is
a liberal amount of lime, but there is less in the active form of
carbonate and sulphate than in the preceding soils from this
county. This soil, ho\Yever, contains a good working supply of
available alkaline matter, and is in a good state of productiveness.
The subsoil, although not deficient in lime, gives a faint acid reaction, while the surface soil is neutral.
None of the soils from this part of the state have been found
to fall below the provisional standards given, and a well balanced
condition has been found to exist between the acid and basic
constituents of the soils examined. Some of the soils previously
analyzed have shO\Yn low percentages of nitrogen and humus due
to excessive cropping to small grains. This has resulted, as pointed out in previous bulletins, in decreased yields.
Soil No. 527 (subsoil 528) is from Kenyon, Goodhue County.
The soil was originally sparsely covered with oak, ash, and cottonwood. Rut little manure has been used, the Janel, however, has
been pastured ancl has produced some hay. There is more lime
in the form of carbonate (limestone) in the subsoil than in the
surface soil. In this surface and subsoil, magnesia is more liberally present than is lime. The subsoil gives a slightly acid reaction.
The soil has produced good crops of small grain, particularly
oats. Both the surface and subsoil are rich in humus and nitrogen. In general the soil conforms to type No. 2, but the surface
soil is not too liberally supplied with lime carbonate. This apparent deficiency is corrected by the higher content in the subsoil
and also by the fact that the lime is in part in the form of
sulphate.
Soil No. 6 c6 (subsoil 617) has been cultivated thirty-five years
to small grains and corn. The land has been manured only once,
and the fields begin to show signs of "wearing out." The lime,
magnesia and carbonic and sulphuric anhydrids show that there
is a good balance of basic matter in the soil, and there is also a
liberal amount of potash and phosphoric acid. The nitrogen and
humus percentages are, however, low, and the "wearing out" is
due to the excessive drain on these constituents caused by all-
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grain farming. Clover, manure and rotation of crops will put
this soil in a good state of productiveness. There is a fair working supply of available mineral food, but the lack of available
1°1itrog·en is severely felt. Many soils of a similar character could
be improved by the course of treatment here proposed.
- Soils Nos. 521 (subsoil 522) and 553 (subsoil 554) are from
different farms at Holden, Goodhue County, and have the same
general composition. Both have been cultivated for about forty
years to wheat, oats, barley and corn. Moderate amounts of manure have lieen used, and son1e clover and timothy have been
produced on soil ?\o. 52r. The soils are well supplied with potash
and lime ; a part of the lime is in the form of carbonate. The
phosphoric acid percentages are somewhat lower than those found
in many soils, but from the crops produced there is no evidence
of want of available phosphoric acid. The humus content of both
surface soils is high. In the case of soil No. 553 a separate determination showed that 75 per cent. of the total phosphoric acid
was extracted along with the humus. It is probably the humic
forms of phosphoric acid which supply the crops with available
phosphates. The available lime and other basic materials in this
soil have a tendency to render the humic phosphates available.
Soil No. 555 (subsoil 556) from Zumbrota, Goodhue County,
has been cultivated forty years; the land was originally covered
with oak. \Vheat has been one of the main crops grown, and the
land has been manured only twice during· its cultivation. Some
hay has been raised and the land has been pastured. The soil is
characterized by a good content of lime ancl magnesia in active
forms, and liberal amounts of potash and phosphoric acid. The
nature of cropping to which this soil has been subjected has not
resulted in conserving the nitrogen and humus, both of which
have been reduced below the amounts found in the best soils of
this locality. If given the same treatment as recommended for
soil No. 616 larger crops would be secured.
Soil No. 577 (subsoil 578) Reel Wing, Goodhue County, has
been cropped to wheat, corn, oats, barley, and grass for thirty-two
years. :Manure has been sparingly used and good crops have been
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produced. The subsoil is rich in lime, which is present both as
carbonate and sulphate. The potash and phosphoric acid are
present in reasonable amounts, and in available forms because
of the balanced character of the soil constituents. There still
remains a good supply of nitrogen which readily becomes available because of the presence of sufficient basic matter.
Soils Kos. 572 and 573 (subsoil 574) from Stanton, Goodhue
County, are all well stocked with plant food. The soils are well
supplied with lime in the form of carbonate. Soil No. 572 has
received better treatment in the way of manuring and cropping
than soii No. 573. The soils have shown themselves to be particularly adapted to corn culture and they have also produced
good crops of sugar beets. The nitrogen percentages are high,
and the deep green color of all the vegetation indicates that there
is an abundance of nitrogen in available forms.
Soil No. 515 (subsoil 516) from Hammond, \Vabasha County,
has been cultivated about forty years. At first small grains
were raised hut during more recent years mixed farming has been
followed. The soil although underlaid with limestone does not
contain as much active basic material as do many soils from the
same locality. Both the surface and the subsoil give slightly acid
reactions. Good crops have been produced and the soil shows a
good content of total nitrogen and phosphoric acid.
Soil No. 503 (subsoil 504) has the same general compos1t1011
and characteristics as soils Nos. 515 and 516. The soil (503) was
originally covered with oak and mixed timber, and has been cultivated about t\venty-five years, wheat, oats, barley, corn and grass
being produced. The active basic matter is not as high as in
some soils. Both the surface and subsoil, however, contain an
unusually high per cent. of phosphoric acid.
Soil No. 618 (subsoil 619) from Kellogg, Wabasha County,
has been cultivated thirty-five years. The land was originally
covered with "scrub" oak. Fair crops have been produced, corn
and oats giving the best yields. Both the surface and subsoil give
slightly acid reactions. From the analysis it would appear that
more of the lime is in the form of sulphate than carbonate. There
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is a good store of nitrogen and phosphoric acid, and a reasonable
amount of potash. If the soil contained more active basic matter,
the plant food would be in more available forms, and larger
crops could be produced. The use of wood ashes upon this soil
would be beneficial for certain crops as it would increase the
supply of basic matter.
Soils Nos. 596, 597, and 598 were taken from different farms
at Stockton, Minn. These soils were from sugar beet fields and it
was desired to learn why there was such a difference in the
sugar content of the beets from the different fields. Under
nearly similar conditions soil I\ o. 598 produced beets with 17.8
per cent. sugar, while soil No. 597 yielded beets with 13-4 per
cent. sugar, and the beets on soil No. 596 showed only 12.3 per
cent. sugar. The chemical analyses of the three soils show that
soil No. 598 is characteristically rich in limestone, while in soils
Nos. 596 and 597 there is only a minimum amount of active lime.
There is only a slight variation in the potash content of the three
soils. Soil No. 597 contains more nitrogen and phosphoric
acid than ~o. ,)96. The soil (598) which produced beets with
the highest content of sugar contained the most lime carbonate. Tt is evident that for the culture of sugar beets a careful
selection should he made of the soil upon which the beets are to
be grown. Sugar beets thrive best on loam soils well stocked with
lime. There are large areas of such soils in this state. Soil No.
598 is what may be termed a well balanced soil, capable of
producing a variety of crops because of the available form of the
plant food.
Soil No. 567 (subsoil 568) from Moscow, Freeborn County,
was originally covered with oak and has been cultivated thirtyfive years; wheat, oats, barley and corn being grown in rotation.
Manure was applied to each corn crop. The soil is in a productive condition and is well supplied with available plant food.
A separate determination of humic phosphoric acid shows that
about So per cent. of the total is associated with the humus.
Soil No. 594 from Albert Lea was taken from a field that ·produced sugar beets with a high content of sugar. The soil is char-
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acteristically rich in nitrogen and phosphoric acid and contains
the acid and basic constituents in a well balanced condition. The
soil was originally timbered with oak and has produced good
crops of small grains and grass. Soil No. 592 is from the same
locality and has been heavily manured. The difference in the
~ontent of humus and of volatile matter of the two soils is particularly noticeable. But few soils have been examined which
contain such a high per cent. of vegetable matter in humic forms as
No. 592. The soil gave a neutral reaction, but the subsoil showed
a slightly acid reaction. The soil is unusually well supplied with
plant food. Beets produced upon this soil gave a large yield per
acre and tested q. r per cent. sugar. The liberal amount of plant
food resulted in the production of a beet crop of large yield per
acre rather than one of high sugar content.
The soils from Oakland. Freeborn County, were taken from
places from a h:i.lf mile to two and a half miles apart. Soil No.
581 was from a cultivated field. The nitrogen determinations
were repeated by different analysts because such an unusually
high percenta~;e was found. Cultivated fields are rarely found
with as much nitrogen. The soil belongs to the lime type and is
well supplied with plant food. Soil No. 584 exhibits the same
general characteristics as No. 58r. The sample was taken from
a sugar beet field. This soil is unusually rich in lime and magnesium carbonates.
Soil No. 5r9 has raised three crops since it was cleared of the
oak timber and brought under cultivation. It is well supplied with
lime carbonate and potash and the indications from the chemical
analysis are that the soil is well supplied with plant food. While
there is less total phosphoric acid than is contained in many soils
the per cent. is not so low as to cause any concern about this
element.
Soil No. 533 (subsoil 534) from Waltham, Mower County, has
been cropped for eighteen years to flax, wheat, oats and barley.
Of late years the land has been in pasture and meadow. No
manure has ever been used. Considering the nature of cropping
and the fact that no manures have been used the nitrogen and
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humus percentag<'.s are exceptionally high. The soil contains a fair
amount of active alkaline matter but is not overstocked. The
subsoil gives a slightly acid reaction. Good crops have been produced; the soil appears to be specially adapted to the growth of
barley, oats and timothy.
Soil No. 626 (subsoil 627) from Brownsdale, Mower County,
originally an open prairie soil, has been cultivated forty years to
wheat, oats, barley, corn and flax. Manure has been used about
every six years and good crops have always been produced. The
soil is well supplied with humus and nitrogen. The surface soil
gives a slightly acid reaction and the analysis indicates that there
is not a large amount of lime carbonate or sulphate present, but
from the nature of the crops produced there is no evidence of
lack of available plant food. The frequent manuring of the corn
crop is what has kept this soil in its high state of productiveness.
Soil No. 6~3 from Kedron, Fillmore County, was taken from
a low place. There is nearly 6 per cent. of calcium carbonate
in this soil. The amount of volatile matter is exceedingly high,
due to the large amount of vegetable matter present. The soil
gives a neutral reaction. There is a large amount of plant food,
and the soil is in a well balanced condition as far as acid and basic
constituents are concerned.
Soil No. 505 (subsoil, 506) from Alma City, Waseca County,
contains c.n unusually high per cent. of phosphoric acid. The
potash and lime carbonate content is not as large as could be desired, and the soil appears to be a little weak in active basic
material. Both the surface and subsoil give slightly acid reactions.
The soil has produced good crops, but any decline in yield
should be follo-vved by the use of some alkaline fertilizer as wood
ashes or lime. The soil is slightly different in character from
the prevailing type of this locality.
Soil No. 561 from Fairmont, Martin County, contains in both
the surface and the subsoil a good supply of carbonate of lime.
The soil gives a neutral reaction. This land has been' cultivated
six years to flax, wheat, oats and corn. There is a higher per
cent. of potash, and a lower per cent. of phosphoric acid than are
usually found in similar prairie soils. The phosphoric acid 1s,
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however, associated with the humus, as shown by separate determinations. There is a good balance of plant food in this soil.
Soil No. 531 (subsoil 532) from St. James, Watonwan County,
is a prairie soil that has produced ten crops of flax, wheat, oats,
corn and barley. One application of manure has been made to
the corn crop. The soil is well supplied with plant food, which is
in a balanced condition. Both the surface and subsoil give a
neutral reaction, ancl are liberally supplied with lime carbonate. The potash content is high, and the presence of the lime
carbonate would indicat~ that the potash is in forms available for
crop growth. The soil has retained its nitrogen um1sually well,
considering it has had ten years' grain cultivation.
Soils Nos. 606, 607, and 608 from :'viaclelia, vVatonwan County,
are from different fields of the same farm. The soils were
originally open prairie, and since they have been cultivated have
shown decidedly different crop producing powers. "Soil No. 606
has produced fair crops, No. 607 good crops, while No. 608 has
sometimes produced poor crops, and sometimes very good crops."
The soil which produces the good crops ( 607) contains the same
amount of phosphoric acid and less potash than the soil which
produces the poor crops (606). In the soil which produces the
good crops there is, however, twice as much lime and magnesia,
and a larger amount of humus ancl nitrogen than in the poorer
soil. Soil No. 606 is deficient in available nitrog·en, because there
is not a large total amount ancl there is not sufficient basic matter
in the soil to render this nitrogen available. The soil ( 608) which
sometimes produces poor crops and sometimes very g·oocl crops
contains more total plant food than the soil that always produces
good crops. Soil N" o. 608 contains a liberal amount of lime carbonate and basic matter, and is well supplied with nitrogen, phosphoric acid, and potash. The unevenness of its productiveness
would appear to be due to some physical condition, as poor drainage, which in turn influences the availability of the plant food by
preventing nitrification. It would be an advantage to grow some
strong feeding crop, as oats, for three or four years on soil No.
608 so as gradually to get the Janel into better physical condition

20

CHEMICAL COMPOSITION OF SOILS.

for future crops. l\f any heavy prairie soils which are well stocked
with lime carbonate sometimes require cropping with strong and
indifferent feeding crops, as oats, before the necessary reactions
between the large amount of organic matter and lime can take
place. Prairie soils like No. 608 invariably improve with cultiYation.
Soil No. 523 (subsoil 524) from Norselancl, Nicollet County,
has been cultivated only a few years. The soil contains a high
per cent. of both nitrogen and humus and gives a neutral reaction. The carbonic anhyclricl content indicates that a liberal amount
of the lime is in the form of carbonate. As far as plant food is
concerned the soil is well supplied, and the plant food appears to
be in a balanced form.
Soil No. 559 (subsoil 560) was taken from four fields near
\Vinthrop, ::\Tinn. The Janel had been cultivated twenty-five years to
wheat, barley, oats, corn and flax and had received one application
of manure. The soil is characteristically rich in limestone, and
gives a neutral reaction. \Vhile the nitrogen and humus percentages are very high, they are less than found in similar soils that
have not been broug·ht under cultivation. Similar soils from the
same locality have produced sugar beet crops testing r8 per cent.
sugar and yielding twenty tons per acre. The high content of
lime and the halancecl condition of the plant food account for the
adaptability of this soil to beet culture.
Soil No. SII (subsoil 512) from Sacred Heart, Renville County,
is a prairie soil that has been cultivated twenty years to wheat,
oats, and corn, manure being used on the corn crops. The surface
and subsoil both give a neutral reaction. The soil is well supplied
with carbonate of lime and the plant food is present in liberal
amounts and in available forms. The analysis indicates that the
acid and uasic constituents are present in a balanced condition. The soil has invariably produced good crops.
Soil No. 599 (subsoil 600) from Lynd, Lyon County, is from
an experimental plot on the farm of Supt. 0. C. Gregg. The subsoil sample was taken at a depth of three to four feet from the
surface. The large amounts of limestone, and potash and alkaline
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matter in the subsoil are characteristic features. The soil contains a very good working supply of nitrogen and humus, and the
plant food is apparently in a balanced condition.
Soil No. 5G2 from Dawson, Lac qui Parle County, is characteristically rich in humus, nitroge11, potash, lime and phosphoric
acid. The plant food is in a well balanced condition because of the
'active forms of the lime and alkaline salts.
Soil No. 568a from Marietta, Lacqui Parle County, is not a
characteristic soil of that fertile locality. but is one representing
only a limited area. The analysis shows a very high per cent.
of sulphuric anhydrid, present in the form of lime sulphate or
gypsum. There is also an abnormal amount of sulphate of soda.
The influence which such a large amount of gypsum would have
upon crop growth is difficult to tell. Good drainage and thorough
cultivation so as to open up the land and allow the alkali to
drain away would be the best treatment that this soil could receive.
Soil No. 624 (subsoil 625) from Willmar, Kandiyohi County, is
unusually well supplied with humus, nitrogen, phosphoric acid
and potash. The subsoil contains over 22 per cent. of lime and
magnesium carbonates. The soil has produced good crops of
wheat, oats and small grains. Timothy has also been grown.
There is a high per cent. of plant food in available forms because
the soil has such a well balanced composition and contains a liberal amount of active basic matter. With a good system of crop
rotation soils like :No. 624 will stand very heavy cropping.
Soil No. 537 (subsoil 538) from Bigstone, Bigstone County,
has raised twenty crops since the original prairie sod was broken.
The soil has produced good crops of wheat, flax, oats and millet.
The soil is in a good state of productiveness, although the nitrogen
has been considerably reduced below the original amount. There
is a good supply of phosphoric acid and of lime in an a\:tive form.
As long as the nitrogen is kept up there will probably be no decline in crop yields.
Soils Nos. 588 (subsoil 589) and 590 (subsoil 591) are from
Pennock, Kandiyohi County. Soil No. 588 has been cultivated
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twenty-seven years, while soil No. 590 has never been cultivated.
The soils are somewhat dissimilar in general texture and composition so that conclusions cannot be drawn as to the influence
of cultivation. Soil No. 588 produced seventeen consecutive crops
of wheat and four crops of oats and was then seeded down and
used for meadovv and pasture, and finally plowed up and sown to
flax. Both the surface and subsoil are well supplied with lime in
the form of carbonate. The soil contains a good stock of plant
food in a well balanced condition. The uncultivated soil ( 590) is
materially richer in nitrogen and evidently contains a more liberal
amount of plant food than was originally present in soil No. 588.
Soil No. 588 gives a slightly acid reaction, while the subsoil is
neutral. Soil No. 590 and the corresponding subsoil are both
alkaline. Subsoil No. 591 contains a high content of lime carbonate. ·while the phosphoric acid content of the subsoils is not
high, the surface soils contain a more liberal amount, a large
portion of which is combined with the humus.
Soil No. 620 (subsoil 621) from Lintonville, Kandiyohi County,
contains a high per cent. of nitrogen and humus, as well as potash
and phosphoric acid. The surface soil gives a neutral reaction and
is well stocked with active alkaline matter. Although the subsoil
contains .72 per cent. of lime the larger portion of it is in the form
of silicate, and is inactive. The subsoil gives a slightly acid reaction. The soil has produced good crops and from all indications
is well supplied with plant food.
Soil No. 609 from Benson, Swift County, has been subjected
to wheat culture for a number of years. While the nitrogen
content is somewhat reduced, the soil still continues to produce
satisfactory crops of wheat. There is a good working supply of
lime carbonate in the soil, and also a liberal amount of phosphoric
acid. The acid and basic constituents are well balanced. The
physical and chemical composition would indicate that the soil is
particularly well adapted to the production of grass and hay. The
chemical analysis would indicate that a change in methods. of
culture would be desirable so as to increase the stock of nitrogen '
and humus.
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Soil No. 525 (subsoil 526) from Hegbert, Swift County, is a
prairie soil that has produced only one crop of wheat. The soil
is unusually rich in humus and nitrogen, and the subsoil contains
over 25 per cent. of lime and magnesium carbonates. There is
a high per cent. of alkaline matter in the subsoil. The composition
would indicate that the soil is rich in plant food and that there
is a good supply in available forms. Many soils like No. 525
contain so much plant food that when they are first brought
under cultivation trouble arises from the excess of fertility producing a rank growth of straw and subsequent lodging of the
crop.
Soil No. 551 (subsoil 552) is from Starbuck, Pope County.
The land has been cultivated twenty years to wheat and corn,
manure being applied every four years to the corn lane!. The
soil shows a high percentag·e of nitrogen and humus. About 75
per cent. of the phosphoric acid is combined with the humus.
Only a relatively small amount of the lime is in the form of
carbonate; both the surface and subsoil give a neutral reaction.
The physical and chemical analysis would indicate that the soil
is better suited to the culture of barley or oats than to the exclusive growth of wheat, as has been practiced.
Soil No. 517 (subsoil 518) from :Pelican Rapids, Otter Tail
County, has produced eight crops of wheat since the oak and
other timber were cleared from the Janel. The surface and subsoil
are both well supplied \vith lime carbonate and potash compounds.
There is a good store of plant food, including nitrogen and the
soil is in a well balanced condition. It would be desirable to
begin rotating the crops at this point in the cultivation rather
than to continue exclusive wheat culture, as is frequently done
until the nitrogen, humus, and available plant food are reduced
below the point required for the production of good crops.
Soil No. 571 is from Becker County, Minn. The soil is well
supplied with plant food, and while the amount of lime carbonate
is low, there are no indications of lack of alkaline matter. The
soil gives a neutral reaction. l\fany soils of this character, rich
in nitrogen, humus, and other forms of vegetable matter cause·
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some trouble when first brought under cultivation due to lack of
perfect drainage rather than to a fault in chemical composition.
The nitrogen and humus have been preserved because of the
presence of water, and when the land is first drained a few years .
of culture are sometimes necessary before the reserve fertility
becomes available.
Soil No. 632 from Vining, Otter Tail County, contains a good
working supply of plant food. \i\Thile the percentage amounts of
nitrogen and phosphoric acid are not large there is a reasonable
amount which can be kept in available forms provided a good
rotation is followed and farm manures are used. The elements
are present in a well balanced condition, and in general the soil
conforms to type No. 2, previously discussed.
Soils Nos. 612, 613 and 614 (subsoil 615) from Lockhart, Norman County ,represent different types of soil from the Red River
Valley. Tl~e composition of the soils from this part of the state
i~ discussed in detail in former bulletins (Nos. 36 and 41). Soil
No. 614 has produced exceedingly good crops of grain and may be
considered average Red River Valley soil. Soil No. 612 is also
normal soil, but from higher ground, while No. 613 is soil
similarly situated, which refuses to produce grain, only an occasional weed being found. Soil No. 612 is exceedingly rich in
plant food, particularly in nitrogen and phosphoric acid. There
is nearly 10 per cent. of lime and magnesium carbonates present.
In the soil which refuses to produce crops abnormal amounts of
soda and sulphuric anhydrid are present in the form of sulphate
of soda, a soluble compound which prevents the growth of vegetation. The presence of sulphate of soda was proved by analyzing
the aqueous extract of the soil. In the productive soils the
percentages of soda and sulphuric acid are materially less than in
soil No. 6r3. Sulphate of soda is not as difficult and destructive
an "alkali" to deal with as carbonate of soda. Directions for the
treatment of alkali soils are given in bulletin No. 4r. The soil
analyses have been of material value in determinging the cause for
the unproductiveness of the small areas of soil like No. 613, which
are found occasionally in this fertile region.
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Soil No. 569 (subsoil 570) from Kennedy, Kittson County, has
This soil, like soils in general
from tre J\.;cl River Valley, is charactc:·=stka:Jy rich in nitl·)~e11,
pi1osphoric acid, potash and lime carN>n~tc. The soil g1,·(·s :i
sliglitly alkalt1;c react1c n, and while t!1cre is over l per cent. of
potash present it is r!ot in forms destructive to plant growth. A
· soil with .60 ]:.'tr cent of total nitrogen is not frequently met
\\ith, a high per cent. of nitrogen, however, is not an exception.
!Jue a general feature of the Reel River Valley soils. Lawes and
Ci:b..rt, in the examination of the Red River Valley soils on the
Cailaclian side, also report very high nitrogen percentages. The
limestone and mildly alkaline salts, combined with remains of
former vegetation, and a high per cent. of phosphoric acid are the
factors which give these soils their high fertility.
Soil No. 61 l from Park Rapids, Hubbard County, is a type of
loam soil that contains a fair amount of plant food. The soil is one
of considerable depth and its loamy character enables the crops
to draw upon a relatively large amount of soil area for food purposes. In order to keep up the standard of fertility in a soil like
No. 61 l, particular attention should be given to maintaining the
humus by crop rotation and by the use of farm manures.
Soil No. 509 {subsoil 510) from Wyanett, Isanti County, is
a sanely soil originally covered with mixed timber. It has produced good crops of potatoes and early vegetables. The future
productiveness of soils like No. 509 clepen<ls entirely upon the
way the land is farmed. Good crops of early market garden
truck can be produced, providing the proper use is made of crops
and manure.
Soil No. 579 (subsoil 580) from Becker Station, Sherburn
County, has been cultivated twenty years, mainly to corn. The
sandy surface soil is underlaid with clay at a depth of about
four feet. While this soil does not contain high percentage
amounts of plant food, it contains a greater total amount than some
heavy clays, because its permeable nature brings the roots into
contact with a larger area of soil than would be the case with
heavy clay. This soil has never been manured, and its future
~roclnced eight crops of grain.

26

CHEMICAL COMPOSITION OF SOILS.

productiveness is gTcatly impaired because of the loss of humus
which has necess~.rily resulted from the land being continually
under the plow. Similar soils that have not produced one crop
exclusively show larger amounts of nitrogen.
Soil No. 575 (suLsoil 576) from near Little Falls, Morrison
County, has never been cultivated. The land is parti:i.lly timbered
with white and red oak and some poplar, and produces a
heavy growth of native grass. The soil contains a fair supply
of plant food in a well balanced form. In the surface soil a part of
the lime is in the form of limestone. From the chemical and
mechanical analyses oats, timothy and grasses would seem to be
the most suitable farm crops to be grown. The soil will warm
up readily in the spring and can be made to produce good crops
of garden truck. The chemical analysis does not show the soil
to possess any vital weakness. It is richer in plant food than
many soils now being cultivated.
Soils Nos. 540 (subsoil 541), 544 (subsoil 545), and 548 (subsoil 549) are from the farm of the Grand Rapids Subseation.
The farm contains a variety of soil types and these samples are
from the plots used for experimental purposes. Soil No. 548 and
subsoil No. 549 give slightly acid reactions, while Nos. 544 and
545 are neutral. Soil No. 544 contains the mo"st plant food in
the best balanced form. Since these soils are to be subjected to
careful experimental tests, a better opportunity will be afforded to
discuss their composition and comparative crop producing powers
in future bulletins.
Soils Nos. 600 (subsoil 6o1) and 6o2 (subsoil 603) from St.
Cloud, Stearns County, have been cultivated for seven and two
years, respectively. Soil No. 600 contains a better stock of
volatile matter and nitrogen than soil No. 602. The bottom
water in subsoil No. 603 is from four to twelve feet from the
surface, which enables crops grown upon this soil to have an almost inexhaustible supply of water. These soils have produced
crops of corn, oats and potatoes. The chemical and mechanical
composition of the soils would indicate that they are best adapted
to the culture of early market garden truck. Soil No. 600 is more
suitable for general farming purposes thr.i.n soil No. 602.
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Soil No. 630 (subsoil 631) was originally covered with oak and
has been cultivated thirty-five years, manure being used every
five or six years. Fair crops of corn and small grains have been
produced. The soil contains a good working supply of plant food.
There is a good content of lime carbonate 1n both the surface
and subsoil. The plant food appears to be in a balanced condition.
Soil No. 529 (subsoil 530) has produced fifteen crops of grain,
vegetables and potatoes since the land was cleared of the native
hardwood timber. There is a good supply of lime carbonate in
both surface and subsoil, and a high content of phosphoric acid.
The soil is amply supplied with plant food. In the subsoil there is
somewhat less fine earth than in the surface soil; hence, it will
be necessary to maintain a full content of humus in the surface
soil so as to enable it to retain water and to prevent crops suffer··
ing from drought. This soil is particularly adapted to corn, oats,
potatoes and vegetables, and will also produce good crops of grass
and hay.
NOTES ON METHODS OF AN AL YSIS.

The methods adopted by the Association of Official Agricultllral
Chemists were used in making the soil. analyses reported in this
bulletin. The acid digestion however, was carried on for thirtysix hours instead of ten. Particular attention was given to the
lime, potash, phosphoric acid and nitrogen determinations. The
lime was precipitated in the usual way, but instead of weighing as
carbonate ( ?) the lime was dissolved and titrated with standard
potassium permanganate. The potash was redissolved and weighed
according to the method described by Fresenius; this was found
necessary because the impurities in many cases were found to
influence the results. The separation and determination of the
potash are the most troublesome problems in soil analysis.
In the determination of the phosphoric acid, the disturbing influence of aluminia was frequently observed, and it was necessary
in many cases to modify the usual process so as to remove the
aluminia. In some soils, particularly those with large amounts of
organic matter the hydrochloric acid failed to remove all of the
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phosphoric acid because of the insoluble combinations of the humus and phosphoric acid In such cases sulphuric acid as proposed by Goss was l1Sccl. The nitrogen determinations were
made in the usual way, except that copper flasks were used for the
distillation because of the frequent losses by breakage. The large
amount of insoluble residue from soils causes frequent losses
from breakage of distilling flasks. Many of the analyses were
made in duplicate, particularly the nitrogen, phosphoric acid, potash and lime determinations. All results are given on the basis
of "dry soil" and not "air dry soil."·

,)

TABLE II.-Ohemica.l Composition of Soil.

LOCALITY.ll'.~·

I

Dakota Co.
Castle Rock.

Dakota Co.

I Castle Rock. I

Dakota Co.
Eureka.

I

Dakota Co.
Lakeville.

I

Number of soil. .............................. \ 563
564
557
558
535
536
513
514
Kind of soil...... .. ......................... Surface Sub. Surface Suh. Surface Sub. Surface ~ub.
Wdght per cubic foot.................... 74.1
70.3
74.1
77 .8
74.1
.......... 67.04 66.6
Fine earth...................................... 99.7
99.5 199.5
99.&
95.
........... !o!O.
91.
Skeleton........................................
.3
.5
.5
.2
5.
........... 10.
9.
Humus.......... . ..............................
3.99 ...........
3.62 ...........
4.01 ...........
4.12 ...........
Total nitrogen...............................
.24
.14
.23
.12
.26 ...........
.31
.1.8

Goodhue Co.

Goodhue Co.

I Holden. I Holden.
-------ISurface
553
554 I 521 / 522
Sub. Surface Sub.
74.1
99.H
.2
4.29
.24

72.2
........................
100.
99.5
199.3
...........
.5
.7
...........
4.17
1.59
.10
.22
.09

:r:

tIJ

;:::
......

()

i>
l'
()

0

~

"O

0

CHEMICAL ANALYSIS-(HCI. 1.115
sp .. gr.)
Total insoluble matter .................
Potash ...........................................
Soda .............................................
Lime ...............................................
Magnesia .......................................
Ferric oxide and aluminia .............
Phosphoric anhvdrid .....................
Sulphuric anhydrid ........................
Carbonic anhydrid .........................
Total volatile matter ....................

r;

(fl

......
....,

82.85
.42
.49
.41
.40
6.15
.19
.08
.08
8.41

84.30
.35
.43
.29
.42
5.61
.20
.07
.11
5.58

I

84.63
.29
.33
.33
.34
6.47
.16
.17
.08
7.48

86.33
.31
.42
.25
.39
7.33
.12
.03
.03
5.38

66.98
.44

71.44
.24

.46
.25
19.78
.16
.09
.01
9.31

.27
.26
19.17
.12
.08
.32
7.77

............. ...........

82.09
.'..!3
.08
.58
.69
7.60
.36
.10
.03
10.47

82.05
.22
.10
.44
.72
8.42
.33
,(J5

.04
7.15

82.80
.40
.35
.64
.70
5.86
.17
.08
.11
8.20

84.02
-.46
.54
.48
.78
9 35
.12
.04
.11
4.82

84.20
.48
.49
.69
.flt

6.79
16
.Gt:

.1.4
8.04

84.50
.38
.31
.4n
. 78
8.91
.11
04
.15
4.64

0

~

0
'1j
(fl

0
....
l'

';fJ

1..;
~

"'
0

TABLE III.-Chemical Composition of Soils.

LOCALITY.~

I

Goodhue Co.

Goodhue Co.

Go~dhue Co.

Goodhue Co.

Kenyon.

Cannon Falls.

Zumbrota

Red Wing.

Number of soil. ............................. 527
Kind' of soil.. .................................. Surface
Weight per cubic foot .................... 6R.4
Fine earth ...................................... 95.
Skeleton ........................................
fl.
Humus ...........................................
5.31
Total nitrogen .................. : ............
.32
CHEMICAL ANALYSIS (HCI. 1.115
sp. gr.)

I

528
Sub.
71.8
93.5
6.5
3.57
.19

616
Surface

617
Sub.

97.3

98.1
1.9

80.1>9
.48
.21\
.37
.83
10.47
.16
.03
.10
6.92

87.70
.50
.29
.56
.23
5.98
.20

2.7
2.19
.14

.05

I

I

Goodhue Co.

I

Stanton.

555
556
577
578
573
Surface Sub. Surface Sub. Surface
74.1
74.1
100.
100.
99.7
99.
94.
.3
.......... 6.
1.
2 39 ...........
3.<\9
4.
.24
.24
.15
.17 I
.06

Goodhue Co.

I

574
Sub.
98.5
1.5
,07

Sta.,ton.

.07
.07
4.95

83.55
.56
.37
.50
.53
10.84
.19
.05
.02
3.90

"·"' I,,.., ,
. 44
.42
.49
.64
6.16
.14
.08
.19
5.67

.49
.66
.42
.53
8.57
.12
.05
.09
3.63

82.49
.38
.12
.50
.51
8.11
.16
.09
.01
7.87

83.921 Sl1.72
.37
.46
.56
.33
.51l
.51
.61
.68
8.67
7.91
.15
.13
.08
.09
.12
.20
5.84
8.82

84.621
.43
.57
.51
.79
9.46
.37
.05
.24
4.08

:::c:

trJ
~

H

572
Surface

............. ,...........
94.5
5.5
4.71
.30

I

Total insoluble matter .................. J 78.02
.51
Potash ..........................................
.35
Soda .................................. · .... : .......
.70
Lime ...............................................
Magnesia ............. , ........................
.76
Ferric oxide and aluminia ............ .
9.67
.20
Phosphoric anhydrid ....................
.07
Sulphuric' anhyrlrid .......................
Carbonic anhydrid .........................
.02
Total volatile matter .................... 10.18

()

79.R2 , ...........
.55 1•••••••••••
.28
.48
.51
8.72
.17
.09
.10
10.29

n
>

"
()

0
~

""0rn

::3
0
z

H

0

'Ij

rn

0

~

TABLE IV.-Chemical Composition of Soil.
Hennepin Co.

Wabasha Co.

Bloomington.

Hammond,

LOCALITY.~"

I

542
Numl1er of soil .................................... .
Surface
Kind of soil. .............. .
Wdght per cubic foot ........................ ..
Fine earth ......
4.80
Skeleton
.26
Humus ............................................... .
Total nitrogen ................................... .
CHEMICAL ANALYSIS-(HCI.,

543

Sub.

I

I 516
Surface Sub.
515

100

I

100

.12
.31

.18

I Wabasha Co.

I

Kellogg.
618
Surface
85.5
14.5
3.85
.2.J.

Wabasha Co.

·winona County.

Lake City.

Stockton.

619

503

504

Sub.

Surface

Sub.

100

100

65.3

596

I

597

I

I:!::
H
()

59&

.16

.05

.13

r

IOU

()

2.64
.18

2.59
.lR

;::::

0

"1j

0

1.115

(jJ

sp. gr.)
Total insoluble matter ..................... .
Potash
Soda ............................. .
Lime .................................................. ..
Magnesia .......................................... ..
Ferric oxide and aluminia .................. .
Phosporic anhydTid ........................... .
Sulphuric anhydrid ............................ .
Carbonic anhydrid ............................. .
Total volatile matter ........................ ..

;i,.

100

84.7

.15

::I1

l:Ij

S~~-~~-c-~. -~~~-~~-~-~-I .~~~-~~.ce
100

()

81.99
.43
.26
.42
.41
7.48
.23
.O!l
.15
8.98

85.40
.31
.56
.24
.46
7.98
.13
.06
.06
5.62

86.21

.:w

.15
.64
.72
5.0r.
.31
.03
.06
6.45

86.40
,20
.11
.57
.78
6.70
.35
.04
.07
4.21

81.13
44
.33
.41
.10
9.96
.22
.09
.02
8.46

84.63
.41
.33
.16
.~o

8.84
.21
.09
.02
5.93

86 78
.20
.14
.49
.44
6.13
.38
.03
.05
5.67

85-.90
.20
.27
.46
.44
8.66
.58
.04
.04
3.53

87.97
.38
.26
. .J.3
.51
5.96

:t5
.06
.05
4.21

85.79
.45
.33
.52
.45
5.04
.26
.03
.04
5.61

80.46
.44
.51
1.69
1.17
6.47
.18
.06
2.04
6.71

~

......
0

z

0

'Tj

(fl

0
H

r(jJ

w

.....

Cl)
~

TABLE V.-Chemical Composition of Soils.

LOCALITY.~

I

Freeborn Co.

I

Albert Lea.
Number of Soil ..............................
092
Kind of Soil. ................................. Surface
Fine earth ...................................... 99.5
Skeleton ........................................
.5
6.60
Humus ...........................................
Total nitrogen ..............................
.39

Freeborn Co.

I

Albort Lea.

Freeborn Co.
Moscow.

593

594

595

567

Sub.

Surface

Sub.

···········
.···········
..........

...........

Surface

98.5
1.5
3.78
.29

...........

99.
1.
3.63
.23

...........

.15

568

Sub.
98.
2.
.10

I

Freeborn Co.

I

Oakland.

I
Surface Sub.
581

100.

582

100.

............. ...........
.68

.37

Freeborn' co.

I

Oakland.
584

Surface
99.8
.2
.51

()

Freeborn Co.
Oakland.

585

586

Sub.

Surface

100.

...........
.33

96.
4.
.65

587

Sub.
94.
6.
.09

.....
()
>
r

()

0

~

"Cl

0

CHEMICAL ANALYSIS (HCI. 1.115

sp. gr.)

Total insoluble matter ..................
Potash .........................................
Soda ...............................................
Lime ..............................................
Magnesia ......................................
Ferric oxid~ and alurninia ..............
Phosphoric anhydrid .....................
Sulphuric anh.vdrid ........................
Carbonic anhydrid .....................
Total volatile matter ....................

::c:

t:I:l
~

rn
>-l
......
~

77.29

.5+

.22
.61
.fi3
8.34
.27
.13
.06
10.14

80.60
.54
.26
.44
.6R
7 77
.21
.10
.12
8.24

82.57
.46
.26
.67

.............
6.52
.25
.08
.04
8.97

83.83
.47
.19
.59
.65
8.01
.15
.04
. 13
6.04

I

83.25
.42
.48
. 52
.2!J
7.46
.18
.06
.15
7.52

84.52
.48
.23
.30
.26
9.44
.15
.06
.16
5.01

65.16
.35
.45
2.40
.:;5
11.66
.27
.20
1.25
15.66

71.67
.39
.27
2.43
.42
11.65
.21
.16
1.26
11.21

62.34

.............
.............
2.3n
.77
11.81
.29
.18
l .51
20.47

69.74
.40
.32
4.96
.75
10.01
.22
.15
3.93
8.75

73.70
.29
.42
1.94
6.12
6.87
.22
.35
.19
17.81

72.67
.49
.56
4.40
2.06
5.77
.17
.09
3.96
8.57

0

z

0

'"Jj

rn
0
......

rrn

•

TABLE VI.-Chemical Composition of Soils.
()

Freeborn Co.

Mower Co.

MowerCo.

Fillmore Co.

Waseca Co.

Oakland.

Waltham.

Brownsdale.

Kedron.

Alma City.

LOCALITY.~

I

Number Gf soil. .......................... ,....
519
Kind of soil.. .................. .'............... Surface
Fine earth...................................... 95.8
Skeleton....................... .................
4.2
Humus...........................................
3.25
Total nitrogen ........................................ .
CHEMICAL ANALYSIS

520
Sub
8!l.
11.
1.45
.06

533
Surface
93.8
ti.2

5.55
.32

534Sub

I

626
Surface
9fi.1
4.9
11.
3.89
.15
.29
8!o!.

627
Sub
95.6
4.4
.12

633
Surface
98.
2.
5.69
.40

I

505
Surface
96.
4.
.27

506
Sub
94.
6.
.09

Uncultivated

I

Prairie Soil.

til

~

>-<

I

565
n66
Sub
98.5
100.
l.fi
4.21
.38 I
.18

Surfac~

()
~

C"'

()

0

~

"Cl

0

(HCI. 1.115

Sp. gr.)

Total insoluble matter ...................
Potash ...........................................
Soda ..............................................
Lime ...............................................
Magnesia ................•......................
Ferric oxide and aluminia ..............
Phosphoric anhydrid ....................
Sulphuric anhydrid ........................
Carbonic anhydrid ........................
Total volatile matter ....................

::r1

86.70
.63
.40
.57
5.81
.11
.05
.33
5.80

86.39177.95
78 011 77.80.1 81.61
.42
.37 ············
.50
.53
············ ............ ···········
.30
.19
.43
.49
.4-6
.56
.37
.69
.33
.29
.13
.2'J
8.57
9.90
12.98
9.16
11.42
.12
.19
.09
.18
.12
.03
.12
.05
.11
.05
.08
.02
.03
.06
.05
4.06 11.53
fi.93
9.41
4.89

55.37
.49
.:.!9
3.2:.!
.211
11.00
.32
.29
2 74
25.97

178.60
.21
.18
.53
.44
8.77
.48
.09
.01
10.45

81.50
.19
.26
.55
.78
10.25
.51
.07
.02
6.00

I 82.03
l 86.24
.57
.42
.47
.70
.:.!9
5.48
.22
.11
.07
10.48

.38
.6B
.56
5.80
.19
.09
.40
5.81

en
>-<

...,......
0

z

..,,

0

en

0
>-<
C"'

rn

w
w

CJ)

~

TABLE VII.-Chemica.l Composition of Soils.

LOCALITY.~

I

Martin Co.
Fairmount.

!Watonwan Co.IWatonwan Co.IWatonwan Co.IWntonwan Co.I
St. James.

Madelia.

Madelia.

Madelia.

Nicollet Co.
Norselaud.

n

;I;
trl
<'
......

......

Number of•oil ................................
561
Kind of soil ................................... Surface
·weight per cubic foot ..................... 72.2
Fine earth ...................................... 97.
Skeleton .........................................
3.
Humus ..........................................
l!.28
Total nitrogen ...............................
.22

531
Sub SurfacP
78.8
77.8
1;0.8
97.
3.
9.:.l
4.11
.09
.29
562

532

Sub
73.2
85.5
14.5
3.24
.20

606

Surface
~1D.

607
Surface
100.

l.

1.89
.13

2.80
.20

605

Sub
99.5
.5
.05

608

Surface
99.5
.5
4.41
.44

523

524

Surface

Suh

96.8
3.2
6.33
.44

67.6
95.8
4.:.l
4.76
.22

sp. gr.)

Lime ...........-....................................
Magnesia ........................ .............
Ferric oxide and aluminia ........ ......
Phosphoric anhydrid .....................
Sulphuric anhyrlrid ......................
Carbonic enhydrid ......................
Total volatile matter .....................

>

"cn
~

'"C

0
(f)
......
....,

CHEMICAL ANALYSIS (HCl. 1.115

Total insoluble matter ...................
Potash ..........................................
Sorla ...............................................

0

.......

82.20
.57
.37
.93
.76
7.35
.11
.06
.29
7.43

82.60
.39
.65
2.08
•. 84
7.69
.12
.03
1.21
4.77

80.17
.49

80.12
.40

............ ............
.81
.54
8.05
.15"
.08
.29
9.06

1.95
.86
8.38
.12
.09
1.09
5.54

91.33
.45
.33
.40
.17
4.81
.19
.06
.07

............

88.02
.36
.22
.77
.37
4.36
.1!•
.07
.27

91.78
.3i

.24
.62
.15
4.48
.19
.09
.28

........... ············

78.89
.46
.40
2.55
.20
5.23
.24
.16
1.19

............

78.15
.52
.15"
.62
.78
8.47
.20
.08
.17
11.33

80.98
.49
.27
.71
.79
8.26
.15
.06
.17
8.10

0

z

0

'1j

(/)

0......

"
~

"

TABLE VIII.-Ohemical Composition of Soils.
Sibley Co.
LOCALITY.l'1&1~

Winthrop.
Number of soil.. ............................. 559
Kind of soil. ................................... Surface
Weight per cubic foot ..................... 74.
Fine earth ..................................... 96.5
Skeleton .........................................
3.5
4.43
Humus ...........................................
Total nitrogen ..............................
.29
CHEMICAL ANALYSIS

560
Sub
72.2
!!2.
8.
.07

I Renville Co. I
Sacred Heart.

ISurface
511
62.8
98.
2.
4.12
.35

512
SulJ
68.4
99.
1.

Lyon Co.
Lynd.

599
Surface

ILacquiParleCo.I
Mariet

a.I Dawson.

Big~tone

Co. I Kand'.yohi Co

B1gstone.

600
Sub

56F<a
502
537
Surface Surface S11rfacc
............ ............ ············
6!'\.5
............ ············ ··········· 99.
97.0
............ ············ 1.
3.0
3.24
4.65
4.75
···········
.11
.~8
.42
.23
.04

1\38
Sub
74.
95.0
5.0
.08

Wilmar.

:i::
~

624
Surface

625
Sub

89.
11.
4.58
.38

76.5
!13.5
.12

n

>
r<

n

0
~
'"O

0

(HCJ. 1.115

(f)

......
....,

sp, gr.)
Total insoluble matter ..................
Potash ...........................................
Soda ..............................................
Litne ............................. .................
l'vlagnesia ......................................
Ferric oxide and aluminia ..............
Phosphoric anhyddd .....................
Sulphuric anhydrid .............
Carbonic anhydrid ........................
Total volatile matter ....................

n

(Ij

......

80.38
.43
.69
.63
.45
7.69

82.03
.34
.44
1.74
l.07
8.Rl
.10
.161
.07
.05
.12
1.32
D.33
4.07

77.52
.42
.17
.97
.60
8.74
.32
.04
.13
10.64

82.59
.30
.14
1.03
.65
9.9n
.26
.09

.in

4.88

80.2i"i
.56
.25
.57
.67
8.92
.24
.24
.lU

67.54
.91
.25
4.38
6.88
11.01
.26
.07
8.20

............ ............

52.33
.50
1.48
14.00
1.3:-1
8.95
.19
6.03
2.49
6.68

72.12
.54
.41
1.6!'\
.67
8.31
.29
.11
1.18
13.84

76.81
.3n

79.4/i
.48

............ ············
.68
.73
6.67

.'.lO

.17
.05
12.87

l.21
1.05
7 88
.11
.07
.!'O

6.65

77.95
.f.8
.22
1.42
.38
8.54
.20
.16
.18
11.78

70.25
.50
.51
12.31
.68
.11
.10
10.83
3.68

0

z

0
'"Ii
(f)

0
H

r(f)

w·
01

~

Ol

TABLE IX,-Chemical Composition of Soils.

LOCALITY.~

I

Kandiyohi Co.

I

Pennock.

I

Kandiyohi Co.
Pennock.

I

Kandiyohi Co.
Linton ville.

I

(')

Swift Co.

Swift Co.

Pope Co.

Benson.

Hegbert.

Starbuck.

;:r:

til

g:

H

(')

Number of soil..............................
588
589
590 II 591 / 620
621
Kind of soil. ................................... Surface Sub.
Surface Sub.
Surface Sub.
\Veight per cubic foot ........................................................ : .............................. ..
Fine earth ...................................... 97.
95.
99.5 196.
I 88.2
72.2
4
1
1
::02 ....
.... .' ...... !
Total nitrogen...............................
.26
.Hi
.44
.15 I
.39
.24

~l:~~~~.'.'.'.'.':.:::·:.:·.::·::.::·:.::::::·:.:::::::::::
CHE"IC ... L ANALYSIS

sp. gr.)

~.'......

4:~5

~:~s ..:. :.~

609
Surface

2.49
.15

525
526
Surface Sub.
70.H
74-.1
96.7
87.
1l.3
13.
1.37
6.62
.41
.14

(HCJ. 1.115

Total insoluble matter .................. 1 83.67
Potash...........................................
.34
Soda ..............................................
.18
Lime ...............................................
.72
Magnesia ......................................
.60
Ferric oxide and aluminia ..............
5.89
Phosphoric enhydrid .....................
.14
Sulnburic anhydrid ........................
.09
.ln
Carbonic anhydrid ........................
Total volatile matter .....................
8.45

85.45 , 78.12

..... :.~.~..
.48
.65
7.11
.10
.07
.22
5.41

:~~

1.31
.74
4.72
.18
.13
.26
12:40

80.54
.39
.41
2.81
.83
6.97
.10
07
2.22
8.24

80.11
H'J

.32
.87
.11
6.71
.21
.12
.13
10.93

81.48
.63
.13
.72
.07
8.34
.16
.11
.06
8.10

83.81.
.33
.14
.58
.33
2.11
.24
.07
40
10.02

78.90 161 90
.39
.61
.42
.86
.99 12.113
.27
4.05
6.00
6.29
.16
.12
.14
.05
.09
9 22
13.27
6.28

551
552
Surface Sub.
76.9
75.
97.
98.
:I.
2.
4.73
.34
.19

' .~.i.I ,, ;;
.74
.68
8.17
.19
.12
.OS

11.07

.71

""

::-<
()

c

~

':l

0

[fJ

~
H
0
%
0

.Sn

'1J

9.45
.11
.06
.09
7.06

[fJ

0
H

r

rn

TABLE X.-Chemical Composition of Soils,

LOCALITY.~

Otter Tail Co.

Becker

Pelican Rapids. y;~f~g

I

Number of soiJ............. .................. 517
Kind of soil. ................................. Surface
Weight per cubic foot ............................... ..
Fine earth...................................... 95.6
Skeleton.........................................
4.4
Humus...........................................
'1.35
Total nitrogen ............................... 1
.2G
CHEMICAL ANALYSIS

I !?i!f( I

518

Sub.
72.2
90.8
9.2.
2.87
.12

Co.

I

Norman Co.

I

Lockhart.

Norman Co.
Lockhart.

632
571
612
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THE MECHANICAL COMPOSITION OF SOILS ..

HARRY SNYDER.

In addition to the chemical analyses, mechanical anaylses have
been made of the principal soil types of the state. The object of
a chemical analysis is to determine the percentage amounts of
the various elements and simpler compounds of which a soil is
composed In a mechanical analysis the aim is to separate the soil
particles into different grades as sand, silt, and clay, and to
determine the percentage amount of each grade of particles. A
study of the chemical composition of a soil deals mainly with the
form and amount of plant food, while a study of the mechanical
composition relates more to the physical properties, as relation
of the soil to water, and influences of heat and cold. \i\Then the
chemical and the mechanical composition of a soil are jointly considered more valuable resu'lts are secured than when each is separately considered.
The physical properites of a soil, as capacity for storing up
water, permeability. an cl resistance offered to implements, are determined largely by the number and size of the soil particles. It
has been estimated that a gram of clay soil (a five cent piece
weighs five grams) contains 20,000,000,000 soil particles, while a
similar amount of sanely soil contaii1s from 2,500,000,000 to 5,000,000,000 or more particles. Since the water which a soil contains is
held either as a film upon the surface or in the capillary spaces
between the soil particles, it naturally follows that the amount of
water which a soil is capable of containing, as also ability of tl~e
soil to retain this \\'ater, is dependent upon the number, and size
of the soil particles and their relation to each other.
Orclina·rily soils arc flescrilwd as sand, clay, or loam, according
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to the prevailing kinds of particles present. In a mechanical
analysis the particles are divided according· to size into six grades
as follows:
Size in Inches.

1.
2.
3.
4.
5.
6.

Coarse sand or skeleton
Medium sand .................
Fine sand .......................
Very fine f'and ................
Silt .................................
Clay ...............................

. 04 to.02
.02
" .01
. 01
" .004
.004 " .002
.002 " .0002
.0002 and less

Size in :\Iillimeters.

1.
to.5
.5
" .25
.25 " .10
.10 " .05
.05 " .005
.005 and less

This division is purely an arbitrary one, and while it is of value
in many ways it is hoped that a division founded upon some
rational basis will in the near future be adopted and used.
The separation of the three grades of sand is effected by means
of sieves with holes .5, .25, and . r millimeters in diameter. In this

Fig. No. 1.

Pebble Stones.

Natural size.

work the very fine sand, silt and clay were separated by centrifugal force and sedimentation-a very slow process. The microscope was used to determine when the separations were reasonably
complete. An absolute separation into the different grades of
particles can only be approximated in practice. Invariably
some of the fine clay adheres to the coarse particles. or
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some of the larger particles refuse to be separated from the smaller ones. The methods employed in the mechanical analysis of
soils do not allow of absolute separations. While the percentage
results equal roo there is always more or less overlapping of the
different groups of particles.
Soils which contain appreciable amounts of clay, lime carbonate,
and vegetable matter are difficult to analyze, inasmuch as a mechanical mixture is formed which will not allow separation because
of the cement-like nature of the material. The mechanical analyses reported in this article were made during the summer of
1895. The separation of the silt and clay of some of the soils
frequently required a week's time and then the microscope would
fail to show as complete a separation as could be desired. In
fact the methods employed for the mechanical analysis of soils do
not admit of the same degree of accuracy as the methods used
for the chemical analysis.
Clay.-The term clay as used in the physical analysis of a soil
applies to those microscopic particles .5 m.m. ( .0002 of an inch).

• Fig. No 2.

Soil Particles X 325 times.
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or less m diameter. The physical properties of clay are well
known. The clay in a soil may be looked upon as the "binding
material" or the p~rticles which fit in between the grains of sand,
making a more compact mass capable of holding a larger amount
of water. A certain amount of clay is very desirable, but if a
soil contains too much (50 per cent.), poor drainage results and
the soil is a difficult one to work.
Silt.-The silt particles are those which are a size larger
than the clay. The fine particles found in drains where water
moves very slowly are mainly silt Silt is between sand and clay
in properties, and also acts as a binding material although it does
not form as compact a mass as clay. A mixture of clay and silt
is in many respects more desirable than either pure clay or pure
silt. Many of the subsoils of this state, which are clay-like in
character, are composed mainly of silt.
Sand.-ln the tables, four grades of sand are given, the diameter of the largest sized coarse sand particles being twenty times
that of the very fine sand. The fine and very fine sand impart desirable properties to the soil. When the fine and very fine sand
are imbeddecl in silt and clay a mixture is formed which is easily
tilled, retentive of water, and offers the least resistance to the
growth of the roots of crops.
I:'.'fTERPRETATION OF RESULTS.

When examining the results of a mechanical soil analysis, the
relation existing between the sand, silt, and clay particles should
be considered, rather than the percentage amounts of each individual ingredient. For example, a prairie soil containing IO per
cent. clay, 40 per cent silt, and 30 per cent. of fine and very fine
sand is equally as suitable for corn production as one containing
18 per cent. clay, 25 per cent. silt and 37 per cent. of fine and
very fine sand. The large and small particles in these two soils
will form masses which have very similar physical properties.
The small amount of clay in the one soil is compensated for by a
larger amount of silt and less sand. Infallible rules for the interpetation of the results of the mechanical analyses, applicable to
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all kinds of soil, cannot be giyen, because there are so many modifying factors 1Yhich are capable of influencing the results. To illustrate, two soils may haYe nearly the same mechanical composition, but if one soil contains 3 per cent. or more of lime a modifying
factor is introduced. The lime causes the large and small particles
to cement and form more compact masses. Soil No. 568a, containing a large amount of gypsum, may be cited as an extreme
case where an exce~s of lime sulphate imparts undesirable properties. In many of the prairie soils carbonate of lime is present to
the extent of .50 p<:r cent. or more. The lime is in a fine state of
division and exerts a greater modifying influence upon the physical properties than if some inert ingredient were present to the
same extent. The amount of organic matter which a soil contains
also ·influences the physical properties. It is evident that the various modifying factors, as lime and organic matter, render it extremely difficult to determine from the mechanical analysis alone,
the kind of crops that the soil is best suitecl to produce. The
silt subsoils of this state possess unique physical properties.
Having· the desirable ieatnres of both sand and clay they are
able to produce a gTeat yariety of crops. In the tables Nos. XIII,
and XIV the type of soil is determined from the crops produced
and not from ti::-:ed st;:tnclards. It is believed that a larger amount
of data should be a\ ailalJle before the estalJlishrnent of soil types
for the state is undertaken. In the tables mechanical analyses are
given of twenty-eig·ht subsoils from different parts of the state.
The subsoils were analyzed in preference to the snrface soils, because storage capacity for 1\'ater is more dependent upon the subsoil than upon the surface soil.
Subsoil No. 564 is from Castle Rock, Dakota County. The soil
has produced good crops of small grain, corn, flax and clover.
The subsoil is a mixture of nearly equal parts of the finest grades
of sand, silt and clay. Good crops of wheat have been produced.
The chemical analysis shows a liberal amount of plant food in
well balanced forms, while the mechanical analysis shows a mixture of sand, silt, and clay that is retentive of water, and at the
same time sufficiently porous to allmv good drainage. SubsoiT
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No. 558 is from the same locality as ;\ o. 564, and has the same
general chcrnical composition, hut contains about roper cent. more
silt and I 2.50 per cent. less clay. The soil has prnduced crops
similar to >; o. 5Cq, and has shown a tendency to produce good
yields of small grain, corn, and flax.
Subsoil No . .536 from the tom1 of Eureka, Dakota County, has
produced good crops of small grain and clover. The soil has
about the same mechanical composition as No. 558, and is characterized by a high per cent. of silt. \ Vhile the subsoil contains only
14.3 r per cent. of clay, reasonably good crops of \\·heat and grain
have been produced. Ordinarily a subsoil with such a relatively
low per cent. of clay \Yould not be considered a desirable one for
wheat cultm'c.
Subsoil No. 514 from Lakeville, Dakota County, contains more
sand than the preceding samples and is characterized by a high
content of silt. Good crops oi corn, small grains (including
wheat) and cl<wer and grasses have been produced. The silt, sand
and clay arc present in such a proportion that the soil is suitable
mechanically for the production of a gTeat variety of crops.
Subsoil i\ o. 574 from Stanton, Goodhue County, is composed
mainly of silt, \\·ith smaller amounts of very fine sand and clay.
Lime is a characteristic ingredient of the soil and the chemical
analysis sho\YS a good supply of plant food. The surface soil from
near the same locality contains more clay an~] less silt than the
subsoil. \Vhen the surface and subsoil show a mechanical structure like Nos. 572 :ind 57 4, unusual care should be taken in the
cultivation to prcycnt unnecessary losses of \\'ater. It should be
the aim to prevent evaporation by practicing frc(1uent surface
cultivation, and to keep the subsoil sufficiently compacted to prevent losses by percolation.
Subsoil No. 554, Holden, Goodhue County, has been cultivated
to wheat. oats, barley and corn. There is a very high per cent of
fine silt in this soil, which with the 'clay enables a larger amount
of water to be retained than if less fine silt and more sand were
present. During the first few years of cultivation large yields
of wheat were produced. After the first fifteen years or so of
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wheat culture lighter yields were obtained, but heavier crops of barley were secured than when the land was first broken. It has been
quite a common experience in Southern Minnesota for the land
to produce better crops of barley after a number of wheat crops
have been removed than when the barley was grown first on new
land. It is believed that this is clue to the chemical and physical
changes which have taken place in the soil. The continued growing of grain has a tendency to mak~ the soil more open and porous. Wheat thrives best upon a compact soil, while barley prefers
a loose soil. vVheat is a more delicate feeding crop than barley.
Hence., vvith the loosening up of the soil and the removal of the
most available plant food the conditions are more favorable for
barley and less favorable for wheat.
Subsoil No. 556 from Zumbrota, Goodhue County, has produced good crops of wheat. There is more clay and less silt than
is found in many of the soils from this locality. The lime, high
content of plant food, and the mechanical condition all indicate a
productive soil. The chemical analysis, however, shows a tendency to a decline in nitrogen and humus, which can be prevented by a
change in methods of cropping.
Subsoil No. 578 from Reel Wing, Goodhue County, contains a
very high per cent. of clay, 44.22. The farmer's report stated
that "the soil has never suffered much from drought." The subsoil contains about 75 per cent. of clay and silt mixed with nearly
20 per cent. of very fine sand.
This combination appears to be
one possessing great power for storing up water and resisting
drought.
Subsoil No. 528 from Kenyon, Goodhue County, has produced
mostly wheat and oats. Silt, clay, and very fine sand are present
to the extent of So per cent. The owner's report stated that the
soil was very sticky. The soil does not belong to the heavy clay
class, the "stickiness" is in part due to the alkaline compounds
present. The chemical and mechanical composition suggest that
this soil is more ~uitable for the production of wheat and grass
than for oats, which have been grown extensively.
Subsoil No. 504 from Lake City, \Vabasha County, contains
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32.51 per cent. of clay and 49 per cent. of silt. The soil is retentive of moisture and easily tilled. It has produced wheat,
oats, barley, corn and grass. Mechanically the soil is of good
composition, chemically it could be improved by the addition of
nitrogen.
Subsoil No. 506 from Alma City, \Vaseca County, contains
nearly 48.50 per cent. of fine and very fine sand. The mechanical
analysis indicates that the soil is particularly suited to corn production, since there is more sand and less clay and silt than are found
in the heavy wheat soils.
Subsoil No. 568 from tfoscow, Freeborn County, has produced
wheat, oats, barley and corn in rotation, an application of manure
being made to each corn crop. The soil has a well balanced
mechanical as well as chemical composition. The sand and clay
per centages indicate that the subsoil has the desired physical properties for wheat and grain production.
Subsoil No. 520 from Oakland, Freeborn County, has been cultivated only a few years, but has given indications of being adapted
to root and corn crops. The subsoil is composed largely of sand
and silt with about 17 per cent. of clay. l'dechanically considered
the soil is suitable for flax, but the nitrogen per centage is rather
too low to suggest any extended flax production. Mechanically
the soil appears to be suitable for beet culture.
Subsoil No. 534 from Vvaltham, vVatonwan County, is composed
mainly of silt and clay, with about 26 per cent. sand. This subsoil
is suitable for the production of small gTains, particularly barley.
There is sufficient clay and silt to retain enough water for the production of good crops of timothy and other grasses.
Subsoil No. 532 from St. Jam es, vVatonwan County, has a well
balancedchemicalcomposition, but would appear to be too deficient
in clay for wheat and other grains. The 3 per cent. of limestone,
however, enables the clay and silt to be more valuable than if
there were 3 per cent. more clay present. The mechanical and
chemical composition suggest that the soil is particularly suited to
the production of sugar beets.
Subsoil, No. 562, from Fairmont, Martin County, is character-

48

MECHANICAL COi\IPOSITION OF SOILS.

istically rich in lime and plant food. Good crops of wheat, flax,
clover and corn have been produced. The subsoil contains about
50 per cent. of clay and silt mixed with about r8 per cent. of
fine sand. The limestone in the subsoil enables the clay and
silt to be more retentive of water, and imparts other desirable
properties. }fany of the prairie soils are mechanically and
chemically like this sample.
Subsoil No. 560 from \;\Tinthrop, Sibley County, is composed
largely of silt; the limestone and the rs per cent. of clay make the
subsoil retentive of moisture, while the medium, fine and very fine
sand are present in the right amounts to impart permeability. The '
soil has produced good crops of wheat, flax and corn. The large
amount of plant food and the unique mechanical structure of this
soil adapt it to the cultivation of a variety of crops.
Subsoil No. 51 2 from Sacred H cart, Renville County, has
shown special adaptability to the production of \\·heat and corn.
The subsoil is composed approximately of one-fourth each of clay
and very fine sand ancl one-third silt. The limestone forms with
the sand, silt, ancl clay a combination which is particularly suitable for the production of small grains and gTasses. The soil
has not only a good mechanical composition, but is also well supplied with plant food. The productiveness of this soil is due to
both its mechanical and chemical composition. The mixture of
sand, silt and clay renders the soil permeable without reducing the
storage capacity for \Yater, while the abundance of potash, phosphoric acid, nitrogen, and lime complete the requisite food conditions for crop production.
Subsoil No. 524 from Norseland, Nicollet County, contains
about IO per cent. more silt and IO per cent. less clay than subsoil
No. 512. Subsoil No. 524 has produced good crops of small grains
and corn. There is an ample store of plant food and the mechanical composition suggests that the soil is better adapted to the
production of corn than of wheat.
Subsoil No. SJ8 from Bigstone, Bigstone County, has produced
wheat, flax, oats and millet. Ordinarily this soil would not be
considered a good one for wheat production because of the rela-
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tively small amount of clay; the fine limestone, howenr, exerts
a modifying influence, and enables the clay to be of more value
than if there were only a minimum amount of lime present. Flax
and corn appear to be the crops most suited to this soil.
Subsoil No. 526 from Hegbert, Swift County, gives good
promise of being· a strong wheat producing soil. ·while there is
only aboqt I 5 per cent. of clay there is an abundance of limestone,
which ·will help to impart the desirable physical properties for a
wheat producing soil. The high per centage of plant food clements was discussed in the preceding article of this bulletin. This
soil should also produce good crops of flax and small grains.
Subsoil No. 518 from Pelican Rapids, Otter Tail County, has
produced eight crops of wheat. The sand, silt and clay are present
in about the same proportions found in many of the wheat producing soils of the state. The soil has also a good store of lime and
plant food.
Subsoil No. 552 from Starbuck, Pope County, has been cultivated mainly to wheat and corn. The sand, silt and clay form a
mixture wd1ich chemically considered is well supplied with plant
food and physically is adapted not only to the production of wheat
but also to barley, oats and grass.
Subsoil No. 570 from Kennedy, Kittson County, is a typical
wheat soil of the Heel River Valley. The small amount of sand
and the relatively large.amounts of silt and clay are characteristic
of this soil. If it \\"ere not for the limestone in the subsoil which
binds the silt and clay and forms compound soil particles the soil
would possess poor drainage capacity, but with the high' per cent.
of limestone the clay is prevented from forming an impervious
mass. These soils may be worked when very wet and the large
clods when dry are easily pulverized. Ordinarily a soil with such a
large amount of clay and other fine materials would not admit of
working when wet because of clanger from puddling. The limestone and alkaline salts exert a great influence upon the physical
pr'operties of these soils. In fact, many cold, unproductive clays
have the same mechanical composition as the Reel River Valley
soils, but the lime and alkaline salts impart desirable properties
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which heavy clays do not possess. \Vith these soils the chemical
composition is a greater factor in fertility than is the mechanical
composition.
Subsoil No. 576 from Little Falls, Morrison County, has never
been cultivated. Its mechanical and chemical compositon would
suggest that potatoes, oats, timothy and roots would be desirable
crops to produce.
Subsoil No. 580 from Sherburn, Becker County, has been
cropped mainly to corn. The fine sand, very fine sand, silt and
clay are present in about the same amounts as in the usual corn
producing types of soil. The soil is permeable and is capable of
storing up sufficient water for the growth of corn, oats, potatoes,
timothy, and grass crops. The land has been cultivated too continually to corn, which has had a tendency to make it open and
porous.·
Subsoil No. 530 from Taylor's Falls, Chisago County, has
shown a special adaptability to the production of vegetables and
oats. There is about 25 per cent. of silt and clay, which enables
the soil to carry 15 per cent. or more of available water .. The frequent use of manure has kept up the supply of available plant
food and has also improved the physical condition of the soil. The
mechanical analysis indicates that the soil is specially adapted to
the production of vegetables and small fruits.
MINERALOGICAL CHARACTER OF SOIL PARTICLES.

In the mechanical examination of the soil frequent use is made
of the micr?scope. The fine and very fine sand were found to becomposed mainly of silica. In the silt, feldspar and mica appeared
to predominate, while the clay was in some cases pure kaolin. In
all of the soils examined there were a large number of rock fragments· and materials capable of being distinguished. The microscopic exami.nations showed that the drift soils of the state are
a heterogeneous mass of rock fragments and minerals in various
stages of disintegration.
The very fine sand and silt particles are irregular in form and
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Fig. No. 3.

Angular Silt Particles X450 times.
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Fraire subsoil.

present sharp angles and show fissures and places where disintegration has taken place. Surrounding many of the larger grains of
sand fine clay particles may be observed. The particles of the
Red River Valley subsoil are less angular and more spherical tl·an
those of average prairie soil. The microscopical examination suggests that the farm of the soil particles, as well as the size and
number, is an important factor to consider, because in some soils
the clay may be of greater or less Yalue, according to the form of
the other particles with which the clay is associated.
The influence of solvents upon the soil particles was also observed. After digestion with hydrochloric and other strong acids
the angular appearance of the soil grains in many cases was more
pronounced. The microscopic examinations indicate that strong
acids act as solvents upon the surfaces only of the soil particles.
In many of the fissures of the silt particles, fragments of vegetable
matter could be observed indicating that the action of the humus
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: Fig. No.·4.

Silt p'articles X450 times.

Red River Valley subsoil.

upon the soil was most active in those places on the soil particles
where the greatest disintegration had taken place and where presmnably the most soluble forms of food are to be found.
SOIL P1\RTICLES AKD SOIL :i\L\SSES.

Each separate particle of sand, silt or clay in the soil is in contact 'vith other particles, forming soil masses with definite physical
properties. The soil is either impervious to water or permeable
and of good tilth, or open anc!' porous according to the character
of the individual soil particles. The properties of the soil masses,
formed from the soil particles, are frequently modified because of
the presence of lime., alkaline compounds, and vegetable matter.
The influence of lime upon the soil masses is shown in Fig. No.
5. It will be observed that many of the soil masses are about the
size of wheat kernels, while some arc larger. The soilcontains only
a small amount of sand but many of the smaller particles are massed ancl' form compound soil grains, which to a limited extent take
the place of the larger soil particles which arc deficient. The subsoils contain from r8 to 25 per cent. of carbonate of lime, and a
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yariable amount of alkaline salts. \Vhen the Janel dries the lime
and alkaline matter prevent the formation oi tough clods although
the soil contains nearly 45 per cent. oi fine clay. The lime makes

A

ll

Fig. No. 5. Influence of lime upon soil. A, loam soil with 15 percent cla ,. particles. B, Red River Valley subsoil with 45 per Cl'nt clay particleS. The
lime causes the formation of compound soil grains, .

the soil permeable, and the additional action of the alkaline matter makes them pulverulcnt when dry. In many oi the i)rairie
soils there is sufficient lime and alkaline matter to exert a characteristic influence and cause the formation 9£ comimuncl soil
grains which give the soils unique physical properties.
The influence of the organic matter, in the form of humus,
upon the physical properties of the soil, has been discussed in
former bulletins. The chemical and physical analyses of the different types of soil recorclccl in this bulletin, have yerifiecl the
main conclusions of former reports upon this subject. It has also
been observed that a loss of the humus from loam and silt soils has
been felt more severely than in the case of soils which contain a
good supply of clay. Humus to a certain extent is capable of taking the place of fine clay.
In the presence of alkaline compounds the humus is chemically and physically different from that in soils deficient in alkaline
matter. In many of the Reel River Yalley surface soils the "alkali'' renders some of.the humus soluble causing the drain \\·aters
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to be dark colored. In soils well snppplied with alkaline matter
the humus is more active than in soils which are deficient.
In the prairie soils the loss of humus is felt most in the windswept regions. Soils "drift" more readily when they lose their
humus because there is a lack of binding material. The humus
and fine roots exert a modifying influence sufficiently great in
many cases to prevent heavy losses by drifting. The physical
changes ·which have been caused by heavy wind storms are frequently of such a magnitude as to influence the crop producing
power of the land. Heavy wind storms frequently carry away
large amounts of plant food. By conserving the humus and keeping the land wt'll covered, the losses from heavy winds can be
greatly reduced. It is a common experience of farmers that old
land will suffer more in a wind storm than new land.
The influence of humus npon the water supply of crops has
been discussed in former bulletins. In this work it has been observed that fewer complaints from the effects of drought were
made when the land had been systematically manured and the humus conserved. Immediate effects from the use of manure cannot always be expected as time is required for the manure to become humus. Often the physical treatment of the land after it
is manured.is such that the best results are not secured. The land
is left in a loose condition, or surface cultivation neglected so that
excessive losses from evaporation occur. The influence which
manure exerts upon the moisture content of the soil varies with
the mechanical structure of the soil, and the amount of manure
used. In some soils the influence is more noticeable than in other
soils. The influence which manure has upon soils varies with
the character of the soil particles and the condition of the manure.
When mixed with the soil the manure forms masses with different
physical properties, and when a chemical reaction takes place between the soil and the manure the soil masses are subjected to
still farther modification. The individual soil particles change
but little in physical properties, but the soil masses or "compound"
particles are constantly undergoing changes. Hence, it is that
manure is capable of improving the physical properties of a soil.

.
'ti 'tl 'ti

II> II> II>

IQ O'Q O'Q

"'"'"'

<.n <.n <.n

9' 9' !Jl
Ul r.n Ul
c: c: c:

2.9.9.n
---o

:z:z:z:~

...

SuhSoil
No.

I

Location.

I

Coarse

County.

Type of Soil.
Sand

0 0 0 ~
"'

<.n <.n <.n - •

w'l'lo

564

PJ <
::::o..o
o
p;- to

558
536
1\14
57.J.
572

JX>.0.N~

f"'+

(j')

...... 0..

..., 3 E::c:

f'D .:::::::

(b

(ti
ll.)

Cl....

0..

!;'""t :!".

(b

~3 ~ :l
~"'
\Op., -o

o..:z:

.

- o·

::lo.~°'
OUl

O.

,.....,.. 'J ....

N:,... :l

N'-"O

\o•
~

H

.

~

TABLE XIII.-The Mechanical Composition of Soils.

r::r O" O"
UJ UJ UJ

554

556
578
528
504
506
1\68
520

Cast!,. Rock ...
Castle R0ck ...
Eureka ..........
Lakeville .......
Stanton ........
Stauton .........
Holden ..........
Zumbrota ......
Red Wing ......
Kenyon .........
Lake City ......
Alma City .....
!Moscow ........
Oakland ........

Dakota ..........
Dakota ..........
Dakota ..........
Dakota ..........
Goonhue ........
Goodhue ........
Goodhue ........
Goodhue ........
Goodhue ........
Goodhue ........
Wabasha .......
Waseca ..........
Freeborn .......
Freeborn .......

Smalt grains anrl clover ......
Sma11 grains and corn .........
Small grains and cl1•ver ......
Corn,io;.mall grains and gr as:.-.
Corn, fl.ax and small grains

0.50
0 20

Medium
Sand

I

0.89
2.93

I

Fine

Sand
14.20
18.94
15.31.
9.01.
2.27

............... ···············
9.00
···············
1.1\0
···············
5 50
3.27
8.fiO
············································
Wheat, barley and corn ...... ...............
.52
1.27
Wheat, barley .....................
1..00
1.00
0.08
Wheat, corn and grass ....... ..... ......... ··············· ...............
Wheat end grass .................
6.50 ···············
6.46
Wheat and small grains ......
............... ···············
Corn and small grains ........
4.00
.............. 15.15
2.00 ..............
Wheat .................................
2.IJ5
Roots and corn ..................

11.00

0.35

16 62
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12.43
1.4.0l'<
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12.05
!! 10
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20.10
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23.30
14.94
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34.53
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48.21.
46.70
56.17
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49 00
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48.92
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15.89
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15.47
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TABLE XIV.-The Mechanical Composition of Soils.
SubSoil
No.
534

532
562
5nO

512
524
538
526
fi18

552
570
576
580
530

Coarse
Location.

County.

Type of Soil.
Sand.

Waltham ........
St. Tames ........
Fairmont .......
Winthrop .......
Sacred Heart ..
Norseland .......
Bigstone .........
Hegbert ..........
Pelican Ra pi iS
Starbuck ........
Kennedy .........
Little Falls .....
Becker ............
Taylors Falls ..

Mower ........ Small grains and grass ...... .
Watonwan .. Flax. corn, wheat .............. .
l\fartin ........ Wheat, clover, corn ............ .
Sibley ......... Wheat, flax, corn ............... .
~enville ....... Wheat. corn ....................... .
Nicollet ........ Small grains and corn ........ .
Bigstone ...... Corn and flax ..................... .
Swift ........... Wheat
Otter Tail. ... Wheat ................................ .
Pope ............. Wheat and corn ................. .
Kittson ....... Wheat
Morris •n ................................................ .
~herburn ..... Corn .................................. .
Chisago ....... Grain and vegetables ......... .

11.00
14.50
3.00
8.00
1.00
4.20
5.00
13.00
9.20
2.00
2.00
27.50
5.00
28.00

Fine
IMedium
I Sand.
Sand.

I
·····~:~fl
2.25

·····3:;77···1

::::f~~:::1

···············

2.87
19 48
18.18
9.93
9.64.
7.07
33 51
8.44
9.86
7.27
0.38
18.48
34 93
28.10

('!')
()

::i::
Very
Fine
Sand.
.9.60
10.39
20.64
5.78
24.57
~2.36

12.!JO
5.30
8 76
18.56
10.08
16 :.rn
20.96
15.00

I

Silt.

47.73
36.15
29AO
52 79
34.04
44.16
22.1'9
42.77
41.22
44.9X
25.98
25.08
23.51
13.82

I

Clay.

20.61
) 1.85
2056
15.34
25 47
14.02
14.58
14.99
25.60
20.05
37.22
8.32
14.17
11.75

IVolatile._ ;:;""'z
5.94.
7.63
5.98
fi.39
5.28
8 27
9.25
15.50
5 36
7.lfi
ln.91
2.2'..l
1.43
3.33
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THE AVAILABLE PLANT FOOD OF SOILS.
HARRY SNYDER.

Various attempts have been made to determine the available
plant food of the soil. The main criticism which has been made
regarding the value of soil analysis is that it fails to show the
amount of available plant food. lt is well known that a soil may
contain a relatively large amount of potash and phosphoric acid
soluble in acids and still fail to produce good crops because of lack
of available plant food. This lack of available plant food, as discussed in the first article, is clue in many cases to an unbalanced
condition of the elements in the soil. The present tendency of soil
investigations is to determine th<' "availability of the plant food."
The various methods proposed may be classed in t\YO groups:
( r) The use of dilute acid solvents to extract the available plant
food; ancl ( 2), the use of clilute alkaline solutions to replace the
more active forms of potash.
Dilute acicls, particularly the organic acids, haw been used, because the sap in the roots of plants contains various amounts of
organic acids as citric, tarta~ic, and oxalic; and it is believed that
these acids take an important part in plant nutrition by rendering
the plant food soluble. Dyer and others have shown that the
acidity of the sap of agricultural plants is equivalent to from .5 to
2 per cent. or more of citric acid.
The acidity of the sap of a few of the agricultural crops
grown at the Minnesota Experiment Station in 1898 was determined and the follmving equivalent amounts of acid obtained. The
crops were tested while young, and when making rapid growth.
NOTE.-Some of the results giYen in this article were presented at the Columbus meeting (1899) of the Society for the Promotion of Agricultural Science.
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Aciditv
(As citric acid)
Per cent.

Corn ......................... 60
Oats ......................... 92
Wheat ...................... 48
Clover . . . . . . . . . . . . . ......... I . 02
Ky. Blue Grass . . . . . . . . . . . . . . . . 88
It will be observed that the sap of wheat contains less acid
than either oats or corn, while clover shows the highest acidity.
Wheat is generally considered one of the weakest feeding grain
crops.
In the seeds of ripe grains the average acidity has been about
.roper cent. and in roots and tubers about .20 per cent. No systematic attempt has yet been made to determine the percentage
amounts of the separate acids, as oxalic, malic, citric, tartaric, etc.
In a former bulletin (No. 41), the extent to which solutions of
tartaric, oxalic, and citric acid are capable of acting upon the soil
and dissolving plant food elements was discussed. It was shown
that a I per cent. solution of citric acid extracted .02 per cent. of
potash and .04 per cent. of phosphoric acid from a compound
sample of soil made up of equal parts of two hundred fertile soils.
It was also found that citric acid possessed the greatest power for
dissolving phosphoric acid, lime and magnesia, while oxalic acid
was capable of dissolving the most iron and aluminia. Tartaric
acid was less active as a soil solvent than either citric or oxalic.
Prairie soils of high fertility contained .04 per cent of potash and a
like amount of phosphoric acid soluble in dilute citric acid. In
none of the soils examined were the potash or phosphoric acid percentages less than .02.
Dyer has shown that the unmanured Rothamsted soils upon
which Lawes and Gilbert have made their numerous field experiments with wheat and barley, contain only .0055 per cent. of phosphoric acid soluble in I per cent. citric acid, while the soils that
have been manured with phosphates until they are no longer deficient contain from .03 to .06 per cent. according to the amounts
of fertilizer applied to the land. In the case of the Rothamsted -soil5
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the work of Dyer has shown that if there is less than .02 per cent.
phosphoric acid soluble in a r per cent. solution of citric acid the
soi~ is deficient in available phosphoric acid.
Dyer's method for the determination of available phosphoric
acid has been tried by the Association of Official Agricultural
Chemists and it has not been found applicable to all classes of
soils. The method, however, was found in many cases to give
valuable indications but it failed to make a sharp distinction between soils of different origin and character when deficient in and
when well supplied with available phosphoric acid.
Plant Food Soluble in Critic Acid (Dyer's Metlzod.)-Three
samples of soil were selected for the determination of the available
plant food according to Dyer's method. Soil A, virgin soil of
high fertility from the Red River Valley. Similar cultivated soils
have produced g·ood yields of wheat and field tests have shown
that the soil was amply supplied with available phosphoric acid
and other foms of plant food. SoilB, virgin soil from the Minn.
Experiment Station farm. Field tests have shown adjoining cultivated soils to be well supplied with available phosphates and
other plant food, the soil has not been able to produce such good
crops or stand as heavy cropping as the soils from the Reel River
Valley. Soil C, from an old grain field yielding only eight bushels of wheat per acre. It was not known whether the low yield
per acre was due to lack of available phosphates or to some other
cause. These three soils were selected as types for the study of
the available plant food. The total and so-called anilahle phosphoric acid are given in the following table:
Soil A.
Red River Valley.
High Fertility.

Total phosphoric acid .... 23
Available(?)phos. acid ... 018

Soil B.
Soil C.
Exp. Station Fann. Prairie Soil.
Average Fertility. Old Grain Field

.17
.021

.15
.034

According to Dyer's method, the soil from the Experiment
Station, and the one from the old grain field contain more available
phosphoric acid than the fertile Red River Valley· soil. Field
tests, and crop yields, hmYenr, show that the Red River Valley
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soil is the mo~t !iherally supplied with available phosphates, of all
of these soils. . \ccorcling to the results secured on the Rothamsted soils, the Reel River \-alley sample would appear to be
It is evident that the
deficient in available phosphoric acid.
method proposed by Dyer, is not applicable to soils like those
found in the Reel River Valley and the prairie regions of this
state.
In addition to Dyer's method the one proposed by Goss was
also tried. Goss· method is similar to Dyer's except that a fifth
normal solution of hydrochloric acid is used as a solvent for the
plant food instead of a r per cent. solution of citric acid. The
total and so-called available phosphoric acid in soils A, B, and C
as determined by Goss· method are given in the following table:
Soil A.
Rerl River Vallcv.
High Fertility.-

Total phosphoric acid... .23
Available ( ?) phos. acid ... 061

Soil B.
Soil C.
Exp. Station Farn1. Prairie Soil.
Average Fertility. Old Grain Field

.17
.032

.15
.018

This method has given more consistent results than Dyer's
method; the amounts of so-called available phosphoric acid are
in accord with the kno\vn fertility of the soils. It cannot be said,
however, that this method is capable of g·iving infallible results
when applied to all classes of soils.
In addition to citric and fifth normal hydrochloric acid other
acid solvents ha\-e been proposed. A review of the work accomplished and a study of each method was not attempted, because the principle involved in each method is essentially the same.
The amounts of plant food elements dissolved, however, vary
with the solvent po\ver of the reagents. It is supposed by many
that it is possible by the use of dilute acids to imitate the action
of plant roots. As to whether this can be accomplished remains
to be proved.
In the case of both methods, ( r) acid solvents, and ( 2) replacement of soil bases with alkaline solutions, the main difficulty
arises when an attempt is made to establish a reasonable standard
for available plant food.
The usual method has been to use
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soils that field tests have sho\\'n to be deficient in plant food.
But are field tests always reliable? May not an apparent deficiency in one element be clue to some other cause than a real
deficiency, as shown by the Rhode Island Experiment Station,
where an acid condition of the soil \\'as the cause of a supposed
deficiency of avaiiable phosphoric acid, and the addition of alkaline matter to the soil rendered the phosphoric acid available?
In such a case an agreement between laboratory results and field
trials could not be expected, because the field tests gave misleading
results.
Soils di ff er so materially in different parts of the country.
and in some cases even in the same )ocality, from acid soils to
those strong·ly charged with alkaline matter, that it cannot be
expected that the same methods for the determination of available
plant food arc alike applicable to all classes of soils.
\Vhcn an alkaline solution is used on acid soils, or an acid
solution on alkaline soils, neutralization takes place, and as a result we have not only the action of the acid or alkali but also the
action of the salts formed hy the neutralization, and e\·en if
corrections are made for the acid neutralized by the carbonates the
solvent action of the salts formed can not be prevented.
\Vhat assurance have \\'e that a l per cent. solution of citric
acid or a fifth normal solution of hvdrochloric acid will extract
only the available plant food from the soil; or that a dilute alkaline
solution will replace only the available potash of the soil? If a
soil that is reasonably well supplied \\·ith available phosphoric acid
be extracted \\·ith a l per cent. solution of citric acid, \\'ill it
leave in the soil a sufficient amount of available plant food to
grow an ordinary crop? Let us briefly examine the details of
such an experiment.
Soil fl from the :Minnesota Experiment Station farm was
extracted with a l per cent. solution of citric acid for three
months. This resulted in reducing the phosphoric acid content
of the soil from .17 to .14 per cent., removing 17.6 per cent. of
the most soluble, and what would be supposed to be the most
available phosphoric acid, as \\·ell as 28.5 per cent. of the total
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potash. i\
quantity of soil was extracted, IO c. c. of acid
being usecl for each gram of soil. The acid was removed from
the soil by the liberal use of distilled water. To prevent an acid
condition of the soil . IO gm. of calcium carbonate was added for
every IOO grams of soil ancl a small amount of nitrate of soda was
also aclclecl so that crop
would not be checked for want
of nitrogen. \Vhen wheat was sown in this soil normal vigorous
plal'lts were produced as shown in the illustration. Three separate trials, at different times, gave practically the same result.

Fig. No. 6. \.Vheat gro,vn in soil extract_ed vdth
per
J?er cent_. of the total phosphoric acid an cl
per
of the soil were removed by the acid treatment.
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The plants shown in the illustration contain the following
amounts of potash and phosphoric acid.
in Six Plants.

Grams.

Potash ................................... .
Phosphoric acid ..................... .

.0625
.0451

In Six Seeds Sown
Estimated Amount.

.0011
.0018

It is evident that the three months' extraction of the soil
with citric acid failed to remove all of the available phosphoric
acid and potash because a sufficient amoimt was left in the soil
to produce a good growth of wheat.
The humus, phosphoric acid content of humus, and of humus
precipitate, and the potash content of the soil before and after
treatment with citric acid, are given in the following table:
Original Soil.

Total phosphoric acid .......... ..
.17
Total nitrogen ...................... .
.23
Humus ................................. ..
3.94
Humic phosphoric acid ......... .
.04
P 2 5 of hum ic acid precipitate
.03
Potash (sol. HcJ.1.115 Sp. gr.) .... ..
.21
Total insoluble matter ........ .. 83.76

°

Soil after Ex traction
and Growth of Wheat.

. t4

.20
3.81
.04
.03
.15
86.40

The three months' treatment of the soil resulted in the removal of a larger proportional amount of the potash than of the
phosphoric acid. Only a slight change in the percentage amounts
of humus in the soil before and after the treatment is to be
observed., while the phosphoric acid content of the humus and
the humic acid precipitate remain unchanged. When it is remembered that in the determination of humus, the soil is first
extracted with 2 per cent. solution of hydrochloric acid to remove
the lime, it can be understood why the humus content of the soil
has changed but little during the three months treatment with
citric acid. The phosphoric acid combined with the humus did
not undergo any apparent change during the long extraction of
the soil. The humic phosphates evidently have a material power
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to resist the action of acid solvents, but readily yield to alkaline
solvents.
The experiment naturally suggests a few questions: Did
not the citric acid cause some of the inactive phosphoric acid of
the soil to become active? If it did this solvent cannot be taken
as a stc:ndard for the measure of the active phosphoric acid and
potash of the soil because it would also include a small amount of
inactive phosphoric acid.
The work of Schloesing, Jr., shows that beyond a certain
point a dilute acid as nitric has no action upon a soil, and the
amount of phosphoric acid in the solution is not increased unless
the concentration of the solvent is considerably increased. The
phosphates of magnesium, calcium, ancl the alkali metals are dissolved by the dilute acids, \Yhile the stronger acids clissoln the
phosphates of iron and aluminia. Schlocsing's work as well as
the work of the International Congress of Chemists indicates
that the action of a dilute acid upon a soil is definite.
That the citric acid did not change some of the available phosphoric acid of the soil to actiye forms and that the source of the
plant's phosphoric acid was that combined ,,·ith the organic compounds was pro,·en by direct experiment.
Two kilograms of soil B \\·as extracted with dilute hydrochloric acid and the humus obtained in the usual way. The humus ,,·as
dissolved and treated as described in bulletin No ...p, page 28.
From the kilogram of soil 60 grams of purified lrnmic material
were obtained. The humus was mixed with acid extracted sand,
and a small amount of carbonate of lime and nitrate of soda.
When wheat was seeded in this medium, normal plants ,,·ere
produced. Jn a former report it was shown that oats arc capable of being grown when the only forms of mineral foocl \\'Cre
those supplied in chemical combination with the humus. Later
experiments ( T89(;>) have shown that wheat is capable of assimilating similar forms of food. The fact that wheat is capable of
assimilating the phosphoric acid and potash combined with the
humus was proved by three separate experiments. The plants
presented a similar appearance to those shown in the illustration.
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The six \vheat plants produced in the first cxpcri111c11t crn1tai11c, i :

JJbosphoric acid . . . . .
Potash . . . . . . . . . . . .

. o~o i grains
. 0589 gTarns

In the soil from which the humus was extracted it 1s c-::
mated that about 20 per cent. of the total phosphoric acid 11·a~ i,.
combination with the humus. From the ex perirncnt s cit cd i: : ,
evident that the phosphoric acicl ancl potash rn111hi11cd "·ith ti,
organic compounds of the soil are capable of playing an i111p1 ,, : ant role in the food supply of grains like oats ancl \\·heat.
The fact that the citric acid failed to remoYe all of ; : •.
availahle phosphoric acid of the soil. and that a s11Cficirnt a11HJ1::.
was left to produce a crop of wheat, naturally suggests the q11,,.
tion, \\'Ou!d a fifth normal solution of hydrochloric acid \:XtL:1·
all of tbe available plant food? \\'bile direct expcrimrnt:; '',:
not made, an answer to the question can be gi 1·cn.
\\'hen the humus \\·as remoyed from the soil fnr the 11·1i( ::7
culture experiments the soil \\·as first extracted with a 2 per cc11c.
solution of hydrochloric acid, \\·hich contains nearly three ti111, as much acid as the fifth normal solution. lf the 2 per crnt. a,·j,:
used for getting the soil into condition for the exlracti<ln ni th.
humus bad removed all of the available phosphoric acid tl]('r'.
would have been none left for the growth of the wheat, lmt tlil
experiments show that the lrnmus contains sufficient lo prodt1c·,
a good crop hence it is evident that the hydrochloric acid lib: tli··
citric 2.cicl failed to remO\·c all of the available plant food. Fr"111
the experiments performed it docs not necessarily follo\\" that th,
phosphoric acid extracted by the dilute citric ancl hydrochloric acid
is unavailable but the experiments show that there was ldt in the·
soil, after the acid treatment, plant food in the form of pota~h and
phosphates that conk! be utilized hy a wheat crop, and th;tl t!Ji,:
plant food was in chemical combination \\·ith the organic compounds of the soil.
It is not claimE'd that the organic forms of potash and phosphoric acid arc the only ones in which the plant food exists in thi:
soil in an available condition, but it is evident that in the case of
soils rich in organic matter, the organic u1mpon11rls nf pnta"h anr1
1
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phosphoric acicl take an important part in plant growth. Both
Dyer's anc! Coss' methods arc, without doubt applicable to certain
types of soil, but not to those where a large part of the plant
food is in organic forms .
.zh·ailab!e Potas/1.-The replacement of the potash by means
of alkaline solutions was also tried in the three soil types described. An alkaline solution of ammonium chlorid and a fifth
normal solution of calcium chloride were the solutions used. The
follo\ving results were obtained :
SOI... l"BLR

Soil A. High fertility ........ .
Soil B. Average fertility ... .
Soil B. Old grain field ...... .

POTASH

In calciun1 chlorid.

In arru11oniun1 chlorid.

.025
.015
.021

.07
.02
.02

The ammonium' chlorid method was given farther trials, in
connection with the soil work of the Association of Official Agricultural Chemists for 1898. The results obtained were not consistent. Soils known to be deficient in available potash gave higher percentage amounts of sol ublc potash than soils known· to be
well supplied with this element. (Proceedings I 5th Annual convention, Association Official Agricultural Chemists, page 54.)
Citric acid as a solvent for the available potash also failed
to give satisfactory results. The three soils examined gave the
following results:
Potash c;uluhlc in
1 per cent. citric acid.

Soil A High fertility ................... ! . . . . . . . .
Soil B Average fertility . . . . . . . . . . . . . . . . . . . . . . . .
Soil C Old grain ficl,cl . . . . . . . . . . . . . . . . . . . . . . . . . . .

. 02
. or
. or

Soils A and B were also used for the soil investigations of
the Association of Official Agricultmal Chemists for the year
1898, and the results secured are of additional value because the
same analyses were made by different analysts in eight separate
experiment station laboratories.
:\!\!OUNT OF AVAILABLE PLANT FOODS IN SOILS.

None of the methods investigated will allow a definite answer
to the question: How much available plant food do the soils ex-

A \.AILABLE PLA;\'T FOOD OF SUI LS.

amined contain? The culture experiment and the analyses, however, indicate that the soils uscu, particularly the Red River Valley
and the station soil arc, as the field tests indicate, \\·ell supplied
with available potash and phosphoric acid. Soil B, of a\·crag,~
fertility, contained in the first foot about 5,500 pouncls of phosphoric acicl and 6,700 pouncls of potash. The treatment with
citric acid removed r 7.6 per cent. of the phosphoric acicl and 28 ..=;
per cent. of .the potash, ancl there was still left in the soil sufncient
mineral plant food to procluce a crop of wheat. \Vhilc it can
not be said that the plant foocl removed by the acid was all available it can be said that r 7.6 per cent. of the phosphoric acid and
28.5 per cent. of the: potash can be i·emovcd from the soil used.
without removing all of the available plant food. The .04 per
cent. of lmmic phosphoric acid equivalent to about 23 per cent.
of the total was capable of producing a wheat crop. Since a large
part, if not all, of the citrate: soluble phosphates must have been
in available forms as weil as a large part of the lmmic phosphoric
acid, it naturally follows that the total available amount in the soil
must have been large. \Yhile the experiments failed to shm\·
that clilute acicl solvent ma\· be used to determine the a\·ailabk
plant food, they ncverthcles~ show that the lmmic or ()rganic
forms of potash and phosphoric acid may contribute materially t(\
plant growth.
In a former bulletin ( 1\o. 53) it \Vas rwo\·ed that manure.
green clover, and other organic materials arc capable of entering
into chemical combination \vith the inert phosphoric acid ancl potash of the soil, to form hurnates or organic salts. Since wheat
and oats have both been found capahle of assimilating the lmmic
forms of potash and phosphoric acicl, it is possible, if the soil contains a good stock of these elements, and is not of an acid
nature, to use manures, and green crops, for rendering· the inert
plant food available. In fact it is possible by the use of farm
manures to cultivate an average soil so as to procluce available
plant foocl from the inert matter.

CHARACTERISTIC FEATURES OF MINNESOTA SOILS
AND CONSERVATION OF FERTILITY.
HARRY SNYDER.

One of the most important problems in agriculture is the conservation of the fertility of the soil. At the present time nearly
all of the soils of the state are well supplied with plant food, and
it is believed that if proper means are taken it will he possible to
conserve, to a great extent, a large part of this fertility, and
prevent rapid decline in the yields of crops. Before discussing
this subject it will be necessary first to consider the characteristic
features of the soils of the state and the main facts ohserYed from
the analyses reported in this and former bulletins.
-:\fnmerous questions have been asked by the farmers who
have sent samples of soil for chemical analysis. \Viii this soil
produce good crops, is frequently asked of a soil that has never
been brought under cultivation. \Vil! this soil wear well? \Vhat
crops \Vill it pay best to grow On this soil? f S this a good soil for
growing flax, or sugar beets, or some other farm crop? \Vhy do
some soils decline in fertility faster than others? \Vhy docs clover refuse to grow on this soil? These arc some of the questions
that have bern asked. \Vhile explicit answers cannot he given
at the present time to all of the questions, the chemical analyses
have given, it is believed, results of economic value.
It should be remembered that chemical ancl physical changes
are continually taking place in the soil, and that in some soils these
changes are more rapid than in others. In the cultivation of the
soil it should be the aim to assist nature in bringing about those
changes which render the pbnt food available. It frequently
happens that the methods of nature and the methods of those who
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cultivate the soil are in direct opposition, when they should bc
in harmony. This is illustrated in the case of manv soils fron:
which large amounts of plant food in the form of nitrogen have
been unnecessarily lost, because of poor methods of cttlti\'ation.
It is natural for a soil to be covered with vegetation, and when
the land is continually under the plow and only one crop is grown.
an unnatural condition exists, and as a result there is a lo~s 01
fertility.
An ordinary crop removes a comparatively small portion o~
the total plant food of the soil, but a soil is capable of producing
grain crops for only a few years before a decline in the yield per
acre is observed. This is not clue so much to the lnss of fertilit,·
by the removal of nitrogen, phosphoric acicl, potash, lime, ancl
other elements from the soil, as to the soil getting out of condition because of chemical ancl physical changes ,,·hich Jiaye taken
place as the result of the cultivation \\·hich has rendered the plant
food unavailable.
In the preceding pages the chemical analyses arc g·iycn ol
seventy-two surface soils and fifty-two subsoils. An examinatiot'
of the tables shows wide ranges in the amounts of the different
plant-food elements. One soil, for example, contains .07 per cent.
of nitrogen, while another contains .68 per cent. The most fertile
soils, however, show only limited variations in composition, anci
if the soils with the extreme percentages are omitted, the arable
soils and rnbsoils of the state show about the following average
compositicin:
TABLE XV. Average Composition of Minnesota Soils.

======

Surface
Per Cent.
Insoluble mutter.............................. .................

Potas11............................................................................

Soda..............................................................................
Lime..............................................................................

79,9~

.4'.l

..+5
1.29

f~~~~~~~7:~~~~~:·:··:·:·:·::::·:·:·:·:·:::::::·:·::·:::::::·:·::::::::::::::·::::·:::::::::::::1
t~~~ri~~~#.~~~f.///Cf~.~/HH/·.~/// . . \ :~~
____~_:~_l
7

NoTE.-The humus and nitrogen form a part of the volatile rnntter.

Subsoil

Per Cent.
S'.!A·l

.. ~o
.3~

1.7r_S()
~.::2

.17
.OG
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Lime.-A characteristic feature of nearly all of the soils of
the state is a large amount of lime in the form of disintegrated
limestone. Only a few soils have been found deficient in lime.
The average lime content of the seventy-two samples of surface
soil reported in this bulletin is r.29 per cent., and of the fifty-two
subsoils, I .78 per cent. ( CaO). Not only is there a larg(~ amuLlllt
of lime, but also a large amount of magnesia. In the surface
soils the lime, magnesia, and combined carbonic acid amount to
2.62 per cent., and in the subsoil to 3.5 I per cent.
This large
amount of basic matter takes an important part, both directly and
indirectly, in imparting fertility. In many parts of the United
States there are large areas of sour or acid soils, caused by a
lack of lime, magnesia, or other basic matter. In many of these
acid soils there are good stores of phosphoric acid and potash,
but becattse of the acid condition, the plant food is unavaila1)Je.
The large amount of lime in the soils of this state will, however,
prevent the formation of acid soils and the plant food from becoming unavailable.
The amom1t of lime in the individual soils that have been
examined, and the part which it takes in making the plant food
available, are discussed in other parts of this bulletin. In the
Red River Valley subsoils, 20 to 25 per cent. of lime carbonate
was found, while in some of the sanely' soils there was less than
.20 per cent. A high per cent. of lime has usually been accompanied by a high per cent. of magnesia, suggesting that a part
of the lime and magnesia are clerivecl from dolomite. In many
of the prc.irie subsoils there is sufficient carbonate of lime to
give a light grey color, and cause the soil particles to form compound grains which are easily crushed. \Vhen treated with acid,
nearly all of the soils give an effervescence caused by liberation
of the carbon dioxide gas. The high state of fertility of many of
our soils is clue largely to the lime they contain, which has prevented the formation of humic acid and enabled the remains of
former vegetation to form with the soil valuable humates, from
which our grain crops derive a large share of their food. Occasionally limited areas are found "·here the soil could be improved
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by the addition of lime, but the extensive use of lime fertilizers
will not be necessary in this state except in these few limi tcd lucal1t1es. In the numerous "olcl lake beds'' there is a high content
of lime, and many of the low lands, which are at present considered waste lands, contain sufficient lime to give them an agricultural value.
This large amount of lime in active form in our soils renders
it possible for the farmer to keep the plant food available by
means of thorough cultivation, farm manures, and rotation of
crops, without the necessity of purchasing commercial fertilizers
to supply the necessary food for gro\\·ing crops.
Potash.-In the 72 surface soils, only 2 \\"ere found to contain less than .15 per cent., and 6 less than .20 per cent., while 23
soils contained .50 per cent. or more, the average amount being
-43 per cent. The average soil of this state is well supplied with
potash. Since an acre of soil to the depth of one foot weighs
about 3,200,000 lbs., the potash content would be equivalent tn
about 13,700 !Ls.
In addition to the potash reported in the tables, there is a
large amount which is insoluble in the acid used for analysis.
This potash, however, cannot be counted upon for crop purposes,
because it is in such complex forms; in fact, only a small amount
of the 13,700 lbs. can be saicl to be in actually available forms.
A large part of the potash of the soil, partic11larly of soils of
granite origin, is derived from the disintegration of the minerab
mica and feldspar. l'IIicroscopic examinations show the mica and
feldspar in various stages of decomposition. The microscopic
particles of feldspar and mica contain potash, not in the free:
state, but in combination with other clements. In fact, the main
store of the soil's potash is present in these soil particles, and
when the soil grains are clccomposecl, the potash is liberated in
simpler forms, as the zeolites, \Yhich gradually become ayaibl>k.
In the presence of manure, tbis process of clecomposition of the
potash minerals is hastened by the chemical ac-tion of the 111a11urc'
upon the soil. Thorough cultivation also hastens the decay 11[
the soil particles. Farm manures and thorough cultiyati•111 ar•'
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the two main forces which promote disintegration of the soil
particles, rendering· the potash, as well as other plant-food elements, availa!Jle.
Soda.-Tn the soils e:::amined, about the same amomit of soda
as of potash was found. ·while the soda takes no direct part in
plant nutrition, it is frequently of indirect value, because it is a
source of alkaline matter, and aids in maintaining a slightly alkaline condition of the soil which is beneficial; in fact, it is more desirable for a soil to contain -40 per cent. of soda than .20 per cent.,
because the potash and soda are generally combined in similar ·
forms, ancl a fair amount of socla indicates that the silicates are
partially disintegrated. The state of decay of the soil particles in a granite soil may be told, to a certain extent, by the
content of potash ancl soda.
Phosphoric ,1cid.-In only three out of 72 soils was thet'e
less than .1 o per cent. of phosphoric acid. The soils examined
showed on an average about 6,400 pounds per acre of phosphoric
acid to the depth of one foot. \Vhile the total amount is large,
it is difficult to state the extent to which the 6,400 pounds are
available. In the prairie soils a large part of the phosphoric acid,
as shown in the preceding article, is combined with the humus
or organic compounds in forms available for crops. The lime
takes an important part in rendering the phosphoric acid available.
Soils deficient in lime and containing .20 per cent. of phosphoric
acid, are often deficient in available phosphates, because the acid
condition of the soil prevents the formation of neutral humates.
In the prairie an cl Red l<.iver \'alley soils there are large amounts
of both lime anrl phosphoric acid. Soils that have not been continually cropped to small gTain also contain large amounts of
humus, and in these soils the phosphoric acid is iri available
forms. A good stock of lime and phosphoric acid renders it possible for the farmer to keep the phosphates of his soil available for
crop purposes by Hsing farm manures and rotating the crops so
as to conserve the humus. In many soils the phosphates have
become unavailable because of the destruction of the humus, clue
to exclusive grain cultivation.
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With the larg·e amounts of lime and phosphoric acid which
our soils contain, there will be no necessity for using· phosphate
manures for general farm crops, because it will he cheaper to
cultivate a\'ailable phosphates than to purchase them. This can
be done by keeping up the supply of humus in the soil to combine with the phosphates. Hilgard states that if a Yirgin soil
contains less than .05 per cent. of phosphoric acid there is 1·eason
to suspect a poverty of this clement. Jn most of the soils examined three or four times this amount was found.
Nitrogen and Hnm11s.-A close relationship \\·as observed
between the amounts of nitrogen ancl humus of the soil. a high
percentage of nitrogen being· accompanied h:' a high percentage
of humus. c\s a rule, there \Vere from 10 to 1.:c parts of humus to
one of nitrogen. Any increase or clccrcasl'. of 111111111s has licl'.11
invariably iolluwecl hy a correspo11cli11g· increa:-;c'. or clccreasl'. rJf
nitrogen. The nitrogen of grain cnlti\'aterl soils ckcrcascs rapidly
because when the humus decays the nitrogen is liberated and
forms gaseous proclncts, like ammonia, or soluble componnds like
nitrates, which arc readily lost in the drain waters.
The exclusive cultivation of small g-rains, particularly \\·heat,
has resulted in the unnecessary loss of large a11101111ts of nitrogen.
Many of the rich prairie soils contained originally ·-+ per cent ..
or more, of nitrogen,-about a third of a pouncl of nitrogen in a
cubic foot of soil. After 20 or 25 years of grain cultivation· the
nitrogen has been reclncecl to about .25 per cent. Only a comparatively small part of'the nitrogen has been taken away hy the
crops, but by far the larger portion has been lost because oi the
decay of the lnmrns. On some soils this heavy loss has nut as ye·,
been felt, because there is such a large amount of nitrogen left ii:
the soil, but on many soils the loss of the nitrogen ancl humu:has been the main cause of the decline in crop yields.
The large amount of lime which our soils contain cnahlcs tlk
nitrogen to hecorne available for crop purposes marl'. readily tha11
in the case of soils deficient in lime, since the lime furnishes th,~
necessary basic material for making the nitrogen a\·ailalllc. \Vhen
the nitrogen is combinecl with the lmnms it is in a !'tahlc furm.
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but as soon as the humus is destroyed the nitrogen is readily
lost from the soil. The exclusive cultivation of small grains is
favorable to the rapid decay of the humus. The grain crops
grown upon the soil arc unable to take up all of the nitrogen
liberated from the humus, because the fermentation of the humus
takes place for nearly seven months during the year, while a
wheat crop takes 85 per cent. of its nitrogen from the soil during
the first 50 clays of growth.
It is not the intention to convey the idea that it is undesirable to grow small grains, but it is evident that it is destructive
to the fertility of the soil to continue to raise grain, as it is clone,
year after year upon the same Janel, and in the same way, when
if a rotation were followed, and the lane! occasionally manured,
both a better yield and a better quality of grain could be secured.
In a former bulletin (No. 53) the influence of crop rotations
and farm manures upon the nitrogen content of the soil was considered. Since this subject has such vital bearing upon crop
yields and soil fertility, a few of the main facts observed and reported in the former bulletin are here repeated in the form of a
financial statement with the soil:
PLOT 1. Continuous Wheat Culture.
Nitrogen
Nitrogen
Nitrogen
Nitrogen

in soil at heginning of experiment, per cent....... ........................
.221
in so·J at dose of experiment, per cent...... ...................................
.1 H3
retnovcrl in crops, lhs. per annum...............................................
24.5
lost. fron1 soil in addition to crop, lbs ........... .............................. 1-1-6.5

PLOT 2. Rotation of Crops (Wheat, Clover, Wheat, Corn and Manure.)
Nitrol?en in soil at beginning of experiment, per cent ............................... .
Nitrogen in ~oil at close of experirnent.11er cent ...................................... .
Nitrogen remo-Yed in crops, 1hs. per acre .................................................... .
Nitrogen, gain to soil above amount rernoyerl in crops ............................. .

.221
.231
61.
44.

c\n increase of five bushels per acre of wheat, and t\ventytwo bushels per acre of corn, was secured by the rotation.
Nitrogen is the only element of the soil that is capable of
being increased or decreased without the use of ordinary manures,
and since it is the most expensive and one of the most essential
elements for plant nutrition, it is important that special attention
be given to the soil nitrogen, particularly to its conservation. As
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stated in former bulletins, it is the main clement from "·hich the
glutens in wheat and grains arc produced, and it is also one of the
main elements of chloryphyll, \\'hich takes such an important part
in the production of plant tissues. Hence it \\'ill be seen why this
element is important to the plant, and how necessary it is that
the soil should contain a good supply, and that every effort be
m:ide for its conservation.
S1t111111cr Fallowi11g.-ln many cases the loss of nitrogen has
been hastened by the extensive practice of summer fallowing,
wl1ich temporarily increases the yields of succeeding crops, but
in the encl results in unnecessary loss of nitrogen. Summer fallowing causes the humus to decay rapidly, and in doing so four or
five times more nitrogen is liberated than is used by the next crop.
Summer fallowing causes an increase in the available nitrogen,
but a material decrease in the total nitrogen: Hence, if this practice is continued, the original store of nitrog·en will soon be reduced below the point necessary for crop production. If instead
of summer fallm\·ing some green crop were gro\\'n upon the land
and plowed unclcr. as green manure, there \Youlcl be a new stock
of humus added to the soil. Bare summer fallowing should be
'iupersedecl by green manuring.
In case the Janel is out of comlition, and fails to give good
yields of grain, it is preferable to grow a crop of corn upon the
land rather than to practice summer fallow. \Vhcn corn is gro\\·n,
an increased yield of wheat may be obtained the next year, due to
the fact that there is more aYailablc nitrogen for the crop; in fact.
nearly ·as large a yield of wheat can be secured after a corn crop as
after a year of fallow. For the destruction of \\·ccds ancl insects .
an occasional year of fallow is not ohjcctionalJle, hut alternate
wheat and fallow, as practiced on some farms, results in only a
temporary increase in yield, at the expense of a future decrease
and permanent injury to the soil.
The m1111ero11s analyses of soils made during the past tc\\' :·cars
at this Station ha\'c emphasized the fact that if proper means arc
taken to conserve the nitrog·cn and humus, there is but little to
be feared from the mineral clements as potash or phosphates h'.'.-
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coming tmavailablc. The fact that one of our average soils may
be extracted for three months with dilute citric acid, ancl then
after the acid is removed, and only available nitrogen ancl lime
returned to the soil, a crop of wheat can be produced, shows that
our soils have an unusually large amount of reserve fertility that
can be drawn upon for crop production. If the farmer will do his
part by keeping up the nitrogen and humus of the soil, nature will
do her part, viz., keep the mineral food available. A critical
review of the tables of analyses shows that the high percentages
of nitrogen and humus in the long cultivated soils are almost
invariably found where the crops have been rotated, farm manures used, and clover grown.
Reaction of Soils.-The reaction of the soils as acid, alkaline,
or neutral, \\'as determined by means of moistened litmus paper.
Methods have not as yet been perfected for the determination of
the degree of acidity or alkalinity of soils; hence it is difficult
to draw definite conclnsions from simply the reaction. The soils
tested have given acid, alkaline and neutral reactions. Many of
th~ soils that contain high percentages of lnmms and volatile
matter gave slightly acid reactions as well as many that were
reasonably \\ell supplied with lime carbonate. A slight acid
reaction does not necessarily imply deficiency of lime, but a
strong acid reaction is invariably an indication of lack of lime and
active basic matter. Some of the native (uncultivated) prairie
soils give slight acid reactions, while similar soils that have been
cultivated were neutral. It is believed that the cultivation of the
soil and the partial oxidation of some of the organic compounds
ha,·e been the cause of the change of the reaction of the soil from
slightly acicl to neutral. Soils which are rich in organic matter
must necessarily develop a slight amount of acid before neutralization with the lime can take place; but no perceptible amount
of acid can accnrnulate because of the neutralizing action of the
lime. A soil that is deficient in lime and gives a decided acid reaction is, as pointed out by \i\Theeler, at the Rhode Island Experiment Station, in need of some form of b~sic matter. But few
soils of this state gave decidedly acid reactions. The slight acid-.
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ity of some of the native prairie soils containing fair am0t1nb of
lime, offers in part, an explanation why clover so frequently fails
on new bnd but will thrive on older land. ClO\·cr docs not do
well when there is a slightly acid condition of the snil. The large
amounts of lime and potash in nearly all of the soils of this state
are particularly favorable to the growth of this nitrogen restoring·
crop (clover) and as far as plant food is concerned there is no
reason why clover should not lie grown on all of the prairie soils.
It is to be observed that the clover belt of the state is gradually
increasing. ancl there is every reason to believe that in the few localities \\'here it is thought that clover cannot at the present time
be grown the chemical, mechanical, and bacteriological changes
which are continually taking place in the soil will gradually prepare the way for this important crop. The condition of the soil ,
as to acidity or alkalinity is an important factor in the dekrmination of the kinds of crops that are capable of being pruducecl.
For gennal agTicnltural purposes soils which show only a slight
degree of acidity or alkalinity arc decicleclly preferable to those
which sho11· either marked alkaline or acid reaction.
:lnw1111t of Plant I'ood in Soils.--Since the draft of crops
falls heaviest upon the nitrogen. phosphoric acid and putash of
the soil, it is necessary specially to cunsiclcr these three demcnts.
The analyses show that the soils examined contained on an average 6,400 pounds each of nitrogen and phosphoric acicl and 13.700
pounds of potash per acre to the depth of one foot, 1vhich are
large total amounts oi plant food. The relative amounts of plant
foocl elements, comparccl with the total soil arc, howcnT, small.
This fact is best obserycd fr,,m the illustration, fig. /, which
gives graphicall~r the composition of the surface and subsoils.
The clark part of the volatiYe matter sho11·s the amount of
nitrogen in each of the bottles of soil. In 100 pounds of soil there
is a fifth of a ponrnl of nitrogen and 1\·hcn it is distributed through
the soil it forms only a small amount of the total. In like manner,
it will he seen that the potash, :-Jo. G. and the phosphoric acicl,
No. 7, form only a small part of the ~oil. The nitrogen, phosphoric acicl and potash consiclercd as a \vholc make less than one
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AAv. 72 Snrface soils.

B.

Av.57Snrface soils.

Fig. No. 7.
1.
2.
3.

C.

A\•cr:..igc composition

Nitrogen, (black part of volatile.) ·L
Litne.
G.
Combined carbonic acid gas.
G.

Il.

AY.52 Subsoils.

.:\1aenesia.
Sorla.

A\".42 Sub-

soils.

of~oiis.

7. ,1thosphoric acid .
8. Sulphuric acul.

Pota h.

per cent. ( .83). The heavy draft of om crops falls upon the three
parts: No. r nitrogen, No. 6 potash, and No. 7 phosphoric acid.
In the case of our most fertile soils it can be said that less than
one part of the soil is material that can be used for crop food
and that 99 parts or more arc inert materials which cannot contribute to the gro"·th of a plant. In the soil the plant food is not
set off by itself as shom1 in the bottles but the nitrogen, phosphoric acid and potash form a part of each minute soil grain and
are diluted by the large amounts of inert matter. The illustrations enable us to understand how it is possible for the plant food
to be covered up, as it were, by the inactive material in the soil.
When it is recalled that crops feed largely upon nitrogen, phosphoric acid and potash which form a relatively small amount of
the total soil, the importance of keeping this small amount in the
most available forms by thorough cultivation, farm manures, and
rotation of crops presents itself in a most emphatic way.
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.cldaptability of Suils tu f'aricty of Crops.-Thc mechanical
analyses that have been made shO\\' that the silt particles furm Ly
far the larger portion of the clificrcnt grades of soil particles. ln
the prairie sttbsoils 40 to 60 per cent. is silt.-particlcs hct\\'ecn
sand and clay in size. The preference of certain kinds of crops
for clay or sandy soils is well known. The silt soils Lcing of an
intermediate character and possessing the desirable features and
not the objectionable ones of sane\ ancl clay arc naturally adapted
to the production of a great \'aricty of crops. Chemically, the
soils are well supplied with plant food, and physically many of
them are composed largely of the silt particles. This combination favors the production of a variety of farm crops. ln ordinary clay or sanely soil only a limited number of crops can be
produced econornicall:r, because the physical properties of the soil
and the av<Jilable \\·ater supply arc favorable to only a ic\1· crops.
111 the case of silt soils with lj per cent. of clay, a fair amount
of lime carbonate, and a g«:iucl stock of plant food, the most fayorable conditions exist for the unrestricted production of g·eneral farm crops. Extreme types of sanely ancl· clay soil arc found
in the state, but in the a\·erage soil, silt predominates. .:\[echanically consiclcrccl, the silt soils arc particnlarly adapted to a rotation ~f crops. In fact the fertile silt soils with Ij per cent. clay
and a small amoimt of lime, can by the art of the culti\·ator be
made suitable for the production of almost any farm crop.
1Vccds and I'crti!ity.-Cln many farms wcecls hayc been one
of the causes of a decline of fertilih-. In most of nur \1·eeds there
are larger amounts of nitrogen. phosphoric acid, ancl potash than
are found in a corresponding· \\·eight of grain. \\-hen a poor
stand of grain ancl a rank crop of wcccls are harvested, the soil
is robbed of more fertility than if a heavy crop of grain had
been produced. The weeds are harvested \\·ith the grain am! the
weed seeds sold from the farm with the grain, or rather given
away as dockage, which results in a loss of fertility from the
land. The stronger feeding \veecls appropriate the available plant
food which belongs to the grain crops. \Veecls arc also capable
of feeding upon crnder forms of food than are the grains, and
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when the 11·eeds are harvested along with the crop the stock of
available pla11t ioud is reduced. lf weeds could be plowed unckr before seeds clevclup, and lcit to rot, the fertility would not
be lost, and the 1\eccls 1rnuld be useful in preparing the 1vay for
the more delicate freding grain crops. With a good system of
green manuring this can, in part, he accomplished, ancl the
weeds be used as a soil digesting crop.
The fact that some m;ccls take more fertility from the soil
than an a1-erage grain crop may be observed from the following
table, which gives the pounds of the three plant food elements per
ton of material, aml also the amount removed in an average
acre of wheat.
TABLE XVI.

Ferti!ity Removed by Wheat and Weeds.

I

I Phosphoric

:<:itrog-cn.
Pounds.

Wheat, ~O bu~hcls. with ~traw .......... .
Mustard (entire plant) ..................... ..
Pl!:!:eon grass ........ ............................. .
Wild barley ....................................... ..
Wild oats .......................................... .

20

:_~;)

65
35
-!-()

:w

Pota~h.
Pound~.

Acid.

Pounds.

I

:rn

I

1S

I
I

85
:17

20

._i.5

20

.j,Q

:w

-----

On some farms the soil is compelled to stand the drain of two or
three competing weed crops, which, with the scant grain crop, results in the loss of a larger amount of total plant food than if a
heavy yield of grain 11·erc produced. \ Yhen weeds take possession
of the land, the 11·eaker feeding grain crops are compellecl to
compete with the stronger feeding 1vecds, and the result is survival of the stronger. \ Yecds thri1·e \\'hem wheat would fail, because of the difference in the pmYer of assimilating food. ·w ceds
may be said to possess strong digestive and assimilative powers,
while wheat and flax possess weak digestive powers; hence weeds
are capable of exhausting the fertility of the soil more rapidly
than grains
Reserz>e Fcrtilit;1 of the Soil.-In every soil there are large
amounts of what may be termed reserve fertility, that is, plant
food which is not in the most available forms, but is capable of
being made so by culti\'ation. It should be the aim to keep this
1
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reserve fertility in such a condition that it will gTadually becom''
available and can be drawn upon by future crops. \\"hen the soil
is made to produce one crop year after year, there is but littk
opportunity for the reserve fertility to lwcomc available.
The mineral elements of plant food. it should be remembered.
are present in, and form a part of the microscopic soil particle~
shown in figures Nos. 2, 3. and 4.
The plant abstract,
its food from these soil particles. and the less decomposed the1
are, the more difficult it is for the plant to obtain its food. If
proper means are taken, it is possible to have some mineral food
in all the different stages of decompositio11, so that as soon as the
most available is taken up by the crop there are other forms reach·
to be acted upon and made available to take the place of that
which has been removed.
The farmer in preparing food for his crops should look upon
the problem in the same way as does the housewife in her preparation of her daily food. The available supply may he said to lw
that which is on the table and ready to be consumed. The reserve
supply is that which is in the unprepared forms of flour.
sugar, meat, etc. It would be considered very poor management
to allow the reserve supply to become exhansted and take nn
measures for its replenishment. So with plant food. Nature has
prepared a generous supply in available fom1s, but unfortunately
the cultivator of the soil does not always use the proper means
to kee12 up the reserve store to take the place of that which nature
has supplied, and the result is a decline in the yield of crops.
If, however, the reserve supply is kept up and is called into use,
no decline takes place. The farmer should prepare the reserve
plant food in the soil so that it can gradually be brought into
use when needed, in the same way that the housewife holds in
reserve flour, sugar and meat.
\Vhen it is more generally nnclerstuod that plants as well as
animals need food and that it is possible to assist nature in preparing this food, the necessity of keeping up a good working supply
both available and reserved will he more fully recognized.
What is this reserve plant food, and how can it be kept
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available? Jt is the plant iood which is in process of becoming
available, and the process can he hastened by the use of farm manures, rotation of crops, and thorough cultivation. The fact
that ''farm manures aid in making plant food available has been
demonstrated in former bulletins. The action of the vegetable
matter upon the soil particles is also shown by the microscopic
examination of the surface and subsoils. The surface soil particles in the presence of ordinary amounts of vegetable matter are
different in character from the same kinds of particles in the subsoil which is comparatively free from organic matter. In the
presence of the vegetable matter the surfaces C•f the soil particles
are more roughened and appear as if they had been acted upon
by some solvent or eaten into. This roughening of the surfaces of
the particles is due to the action of the vegetable matter, aidetl un-

A

B

A, Native praire soil. B, Humus
materials extracted from soil A.

Fig. No. 8.

doubtedly by micro-organisms. The mineral plant food elements
which have been detached from the surfaces of the soil particles
or microscopic stones, and combined with the vegetable matter,
form the reserve and finally the available plant food of the soil.

Importance of Crop Rotations, and the Use of Farm Manures.A brief review of th~ facts presented in this bulletin and obtained
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as the res11lt of the chemical and mechanical analysis of the soils
of this state. the study of the available plant food, and thl"' action
of the organic matter upon the soil particles, emphasize the importance <Jf the systematic rotation of crops, the judicious use
of farm manures, and the thorough cultivation of the land as the
proper means for conserving the fertility of the soil. It is evident that if these measures are taken in time the decline in the
yields per acre of wheat and small grains can be prevented. The
wheat crop is not necessarily "hard on the land;" an average
wheat crop. as sh0\n1 in bulletins Nos. 29 and 47 of this station
does not remove from the soil any more fertility than a corn or
a heavy grass crop. \\'hen wheat or a small grain crop is gro\\'11
exclusively the decline in the yield which invariably results is
due, not so much to the fertility that is removed, as to the
effect which the crop and the method of cultivation have upon
the soil. The uncovered condition in which wheat lands are left
for nearly eight months in the year is the cause of the heavy
loss of fertility. It is unnatural for a soil to be continually under
the plow, no new vegetable matter is added to the land, and a
rapid decline of the soils original stock occurs. The fact th:.i.t
weeds grow so vigorously when the one crop system is followed
is a sign that nature protests against such a practice.
\Vhen the large amounts of plant food, the lime content, the
balanced condition and the unique chemical composition and
.11echanical structure of our prairie soils are considered, and
then the fact that less than twelve bushels of wheat per acre are
obtained from some of these "old wheat lands," it is evident they
are not producing the crops that nature intended. How can these
old wheat lands be made more productive? Various ways have
been proposed, as summer fallowing, and the use of commercial
fertilizers. Summer fallowing, as shown on preceding pages is
temporarily ben~ficial, but when practiced only puts off the trouble and makes it more serious to deal with in the future. The use
of commercial fertilizers has been suggested. It is doubtful if
fertilizers costing $35 to $50 or more per ton can be used economically on prairie soils for the production of wheat, since a heavy
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application of the fertilizer would in many cases exceed the market
value of the lane!. If used, weeds as well as crop would be fertilized and the weeds would certainly get their share. The use of
commercial fertilizers is advisable only where intensified farming
is followed. In fact, neither summer fallowing nor commercial
fertilizers can. be relied upon to solve the problem.
The only rational way to make old wheat lands more productive
is to rotate the crops, use farm manures and practice more thorough cultivation. \i\Then crops are judiciously rotated, excessive
losses of nitrogen and humus are prevented, and the evils of a one
crop system avoided. The use of farm manures and the thorough
cultivation of the land aid in making the reserve plant food more
available. In the cultivation of the land the farmer should aim
to assist nature in making plant food available and not attempt
to work against her.
Every factor in nature seems to have been at work to make our
prairie soils fertile. They have been formed from a variety of the
best kinds of soil producing rocks and minerals which have been
pulverized and distributed by glacial action, and enriched by the
natural workings of animal and vegetable life. It is the duty of
every cultivator of the soil to assist nature in the preservation of
the fertility of the soil.

