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SOILS. 

THE COMPOSITION OF NATIVE AND CULTIVATED 
SOILS, AND THE EFFECTS OF CONTINUOUS 

CULTIVATION UPON THEIR FERTILITY. 

BY HARRY s.:-;YDER. 

Natnre anti Extent of the "-ork.-During the past 
two years, 1892-1893, chemical analyses have been made of 
many of the cultivated and uncultivated soils of the state. 
Some of these soils have been under continuous cultivation 
from one to thirty-five years, while others from adjoining 
fields have never been under the plo\\-. The conditions for 
comparison behveen these culti \-a ted and uncultivated soils 
are particularly favorable, especially the prairie soils and 
portions of the Reel River Yalley region, where there are 
townships in which the soil is even and uniform, except that 
some sections and quarter sections have been un
der cultivation for a longer period than others. 
The differences in composition between these cul ti nltecl and 
uncultivated soils are marked, as well as the effects of differ
ent methods of treatment; both topics are discussed in this 
bulletin. 

The soils that are represented in this bulletin have been 
sent in mainly by the farmers of the si.a te, some lw \'e been 
received from the students of the Minnesota School of Agri
culture, while a few have been taken b\· members of the sta
tion corps. In all cases the soils lw \'C -been taken acconlinp; 
to uniform directions sent out from the station lahoraton·. 
The farmers have taken much care in the sampli11g of mmiy 
of these soils, and to them credit is clue for their share in this 
work. 

Along with the samples of soil ha,·e come a 11urnher of 
important questions: "Will this soil wear \veil?" ".Why docs 
small grain lodg·e so badly on this kind of soil?" ··noes this 
soil contain enough of nll of the compounds essential for the 
growth of our farm crops?" "Is there enough phosphates 
in this soil for s11cccssfol ,,·Jw:i t !-'l"(l\\·in,!..'.·?" "\Yhy (l'·' 01ir 



ol<l and cultivated soils dry out so much more readily than 
new soils?" "What is the-alkali in this soil anc~ how can it 
he cured?" '!Is the lessened yields of wheat for the past few 
years due to the giving out of the soil?" These, and many 
more of the same nature, are the quest.ions that the farmers 
send in with their samples of soil. 

vVe are ·well aware of the various \'ie\YS that arc held in 
regard to the value of soil analyses, and it is not the inten
tion in this bulletin to enter into the discussion. The com
plete chemical and physical analyses of the natin: am] culti
Yatccl soils, however, lntYe given ya]uable information as to 
the effects of continuous cultivation and different methods of 
rotation that will be of benefit to the farmers. 

In all, about one lmmlrecl nncl fifty samples lW\T been 
analyzed, and in this bulletin only a tew typical cases are se
lected in order to illustrate the \'arious points under discus
sion. These points have been verified in a number of similar 
cases so that the reader in follo\\·ing this \\·ork is not consid
ering just one single case as it might appear. but the results 
of a number of similar cases. Long tables and p: 1.ges of .:hem
ica] annlyses, necessary as they are, do not make Ycry good 
general reading matter, and in this report they arecrnlwclied 
as little as possible. 

Analyses have been made of both the top and the sub
soil, in all cases; the top soil has been taken down to a 
depth of about nine inches, or until a change in color between 
the soil and sub-soil was olisen·ed. The sub-soils furnish 
such a large amount of plant food that their chemical and 
physical properties are equally important as in the case of the 
top soil. 

At the outset, it can be said that our soils, with some ex
ceptions, are well supplied with all of the necessary mineral 
food for farm crops, in forms that can be rendered available 
by good cultivation, provided that the soils are kept in good 
condition by grass crops a 1d rotation so that the plant food 
is present in available conditions. 



RED RIVER VALLEY SOILS. 

The average top soil in the Red River Valley ranges from 
eighteen to thirty-six inches in depth, is black in color, very 
sticky when wet, and when dry it crumbles to a very finc 
powder. The particles which compose this soil are very fine; 
all are less than 1!t 0 th of an inch in diameter, and in some 
cases even less than 1/100th of an inch. There are no coarsc 
particles (skeleton) in most of these soils. The nati n~ soil:-: 
are very rich in decaying vegetable and other organic mat
ters, largely due to the accumulation of the crop residues or 
the natfre grasses. ·when these vegetable arnl other organi(· 
matters have reached an intermediate point in their clecorn
position, they form a class of valuable cornpouncls kno-\vn as 
humus, and when the virgin s01ls are cultivated for a number 
of years, the humus is gradually consumccl liy being still far
ther decomposecl. In the uncultivated soils there is usually 
about five per cent of humus, \vhile in the cultivated soils 
there is usually less than three per cent. The humus is ver_\· 
rich in nitrogen, the important lmilcling material out of 
which the gluten in wheat ancl grains is constructed; and 
when the humus decreases the nitrogen decreases as \Yell and 
is lost from the soil. The native soils contain from .35 to 
.40 of a per cent of nitrogen, while the soils that have been 
under continuous cultivation for twelve or fifteen years, con
tain from .2 to .3 of a per cent. This is a very unfortunatc 
occurrence because nitrogen is the most expensive materi~t 1 
of all of the elements necessary for plant food. 

The effects of the humus on the capacity of the soil to re
tain its water and \vithstand the evil effects of drought are 
marked; the native soils will retain about twenty per cent 
more water than the long cultivated soils, and will not dry 
out as readily during draughty seasons as the older and long 
cultiYated soils. Another important point: when the humus 
is taken out of the nativesoilsduringthc process of analyses, 
from .OG to .08 of a per cent of phosphoric acid is soluble anc1 
associated with it; while only about .02 of a per cent is i11 
this form with the long cultivated soils. Phosphoric acid in 
this form is very valuable as plant food. There is a good 
s11pply ofphosphrttes in rill of these soils. lmt \Ye mnst keep 



up the supply of humus in order to keep the phosphates 
available. 

In the analyses reported, the average amount of potash 
is given as about one-half of one per cent,-this is not the 
total potash that is in these soils, in fact there 
is about one and three-quarters of a per cent in 
all, but one and a quarter per cent, or over two 
thirds of the total cannot be counted upon for crop purposes 
because it is combined with the silica (sand) in the form of 
minute stony particles, that require the strongest chemicals 
and the highest heat that can be procured in the laboratory 
to decompose them. The tables only give the amounts of 
plant food that are soluble in hot muriatic acid, and 
i;:; just about the amount that plants can reasonably be ex
pected to procure. Each sample has been analyzed twice, 
and in some cases three times, using soh-ents that possess 
diff~rent degress of soh·ent powei-, in order to determine the 
forms in which the mineral matters arc present in the suil. 
The results gi\·en are based on all the analyses and not sim
ply on just those that are reported. 

Then.' is not a great deal of true sand in these soils; in 
some localities there is more than in others. ?\'one of the 
soils that arc reported, except those that arc some distance 
east of the riYer, contain more than two per cent of true 
sand; nearly all of the silica is combined with the aluminia 
to form clay, or with the potash, soda, and lime to form 
-complex silicates. The lime is present mainly in the form of 
carbonate of lime-limestone particles, a little is in the form 
of gyps am. All of these soils are well supplied with lime and 
magnesia, especially the sub-soils that ha \'C a greyish color 
usually contain from '..W to~{() per cent of lime and magnesi
um carbonates. It is partly due to the abundance of lime in 
these soils that the\· owe their remarkalile fertilitY. Theclry 
soils range in weigf1t from ()'.!to()() pounds ]JC!' -cubic root. 
The na ti \'C soils contain more of organic mat tel' an cl \Ycigh 
less than the \Yell cultivated soils. In the natiYe soils there 
are from 8 to Li pounds of organic ma ttcr in e\·cry 1 < lO pmmcls 
of the air-dry soil, while with the 1011g cultiYated soils there 
are from :> to 8 ponncls of organic ma tier per 100 of soil. 
The 8:i to UO pounds of mi11e1·al ma ttcr in the 1w ti \'C soils 
does not rdways contain quite as nrnch mincl'al nm Her as 
the ~13 potmds in the long eultivntcrl soils. The samples nre 
not comparctl on quite equal bases to sho\\' the foll extent 
of the losses during· cultiYatiou lieeausc in the cultiYatcd 
soils, the alnminia, 'iron oxide, etc., appear to inere;1sc; this 
is because the humus is cleeomposccl and decreases so rapidh-. 
Tftl1e c·~1ti\·:1terl :111rl nnc11lti,,·:1tcrl c:riih ·ycrc ;1l1c:1lci1bicrl to 
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a uniform basis as to the amount of humus, that would not 
represent the true conditions of the present state of the soil, 
and \voulcl require a duplication of all of the tables in this 
work, which is not necessary; but even allowing this factor, 
the losses of the phosphates, potash, and ]letrticularly the 
nitrogen are quite noticeable. The cultiYa ti on of these soils 
has aided in the decomposition of the silicates, but the drafts 
of the grain crops ha Ye 1Jeen greater than the amount that 
is annuallv liberated. 

The p-otash, soda and aluminia and a part of the lime, 
are present in the form of double hydrated silicates, called 
zeolites-forms that are available for plant food, anr1 yet in
soluble in water ancl not easily lost from the soils. 

The use of commercial fertifo:ers ]Jy Prof. liaYs in 18DO, 
011 these soils, did not show any marked increase In the Yieid 
of grain, and yet nci t her the -fortilizecl nor the unfrrtflized 
plots gave as hem·y yields as when the ground was first 
broken. The fertilizers used did not supply any humus, and 
the mineral food that was supplied in the fertilizer did not 
increase the yield of grain. Both analyses ancl frrtilizer ex
periments show that these soils are well supplied with 
mineral food, hut the analyses show that the humus is de
creasmg. 

The continual cropping of these soils is not telling so 
heavilv on the mineraJ matters as it is on the humus that is 
in the -soil, an cl with the loss uf humus follows the decrease 
in nitrogen, the capacity of the soil to retain its \vater and 
withstand drought, and finally in the loss of the phos
phoric acid in a vaila hle forms. The crop residues from grain 
crops is not active enough in decomposing to serve as humus. 
The supply of humus can 1Je kept up hy occasional grass 
crops, . well prepared farm manures, an cl occasional green 
mannnng. 

These are points tlwt are to receive their c111e attention 
from the present agriculturist of the station. 

Alkali Soil:-;.-In this region little patches of alkali, an 
eighth of an acre or so in size, are oec<1sionally observed. 
These alkali patches are sources of trouble, becausc in the 
spring of the year when the land is wet these patches can 
not he observed, and consequently much labor ancl seecl is 
spent upon them without any immediate returns. The 
alkali in one of these soils near Crookston was found to be 
sodi11111 carbonate. The alkali was all near the surface. 
These plots should be ploughed \'ery cleep and the land well 
drained. Heavy manuring, especially with horse manure 
that is well rotted, giYes good results. The horse manure 
\Yhen it decomposes fornishes lrnmic ~rnrl other aeirls t1wt 
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unite with the alkali. The humus also prevents rapid sur
face evaporation, and thus aids in preventing the alkali from 
accumulating near the surface. \Vhen horse manure can not 
be procured, green manuring will be beneficial. This method 
of treatment has been followed by a number of people in this 
region, and the results have been "large yields per acre of 
wheat and oats." When these alkali spots are well cured 
thev are excellent soils, and will withstand drought even 
better than many other soils. The analvses of an alkali soil 
is given in the table. -

Occasionally the alkali consists of sodium sulphate, com
monly known as Glauber's salt, and then again of common 
salt. These last two substances arc not so difficult to con
tend with as the sodium carbonate ( salsocla). \\'hen these 
patches are located so that they can be well drainell at com
parntiyely little expense, this should be clone, and it will be 
found to be one of the best and most permanent \vays of re
lief. These alkaline compounds are all solulJle in water, and 
thus in time will be washed out of the soil, provided that the 
spots are well drained. Where the spots arc small, a large 
amount of the alkali can be removed by scraping off the top 
in dry times and carting the alkali scrapings a way. In very 
dry times the first inch of the soil will contain from 20 to 30 
per cent of the total alkali that is in the soil. The deep 
ploughing affords relief by rerno,·ing the alkali from the sur
face where it destroys the young and tender roots of plants. 

These soils will imprO\·e with every crop that is removed; 
.and when cured \vill produce crops that will repay all of the 
-time and labor that has 11ec11 spent. 

Humho Soils.-This is the popular term applied to a 
-certain class of vcn· heav\· soils, that arc "\\·axy" "·hen wet 
and through whic11 watc"r percolates \\·ith much diffieultv. 
The particles that compose these soils are ,·en· fine, less than 
l/1ooth of an inch in size; there is no true -sand present. 
These soils are rich in alkaline compounds, particularly 
p_otassium salts. It is the alkali in these soils that gives 
nse to the soapy and \Yaxy appearance arnl "feel" when 
wet. They fail to scour the plow on account of the absence 
of true sand and the fineness of cli\'ision of the soil particles. 
There is too much of the rich alkaline salts present. Lime 
fertifo'.ers ancl amendments are not applicnlilc to these soils 
as they will only make matters \\'Orse h\· re11dcrirn2: the soils 
more waxy. As yet, no cheap chemicals can lie 'suggested 
for their impnn'cmcnt. They will impron~ with cultin1tio11, 
the deeper the better, al1(1 "·ith the loss of the alkali from the 
soil that is rcmoyed in the crops. They arc especially 
adapted for _gn1ss and hay crops. 
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:;\'larshy aml Peaty Hoils.-The soils from the low 
marshy plc{ees along the ~vater courses are unusually rich in 
organic matter. They are easily reclaimed 011 8ccount of the 
large amount of lime that is present that prevents the form
ation of "sour mould." One peaty soil contained over fifty 
per cent of organic matter; it woukl not require much more 
combustible matter to make a good fuel peat. There are 
large tracts of this land being opened up by making large 
drains through the Beltrami and other marshes. -

In the table of analyses reported, the figures given are 
the numher of pounds, or fractions thereof, of potash, lime. 
etc., that are present in every hundred pounds of the soil, or 
the amount that is in everv one ancl two-thinls cu hie feet of 
these soils. The figures sl10\v that in e\·ery lrnmlrccl pounds 
of the top soils. there is on the average, a little over half a 
pouncl of potash, hvo and one half pounds of lime, over a 
third of a pound of phosphates ancl nitrogen, together \vith 
larger amounts of silica, alurninia, etc.,as noted in the tahle. 
I'\o exact figures can be set clown as to just how much or 
how little even- soil should contain. sufiice it to sa \", how
ever. that all c)f the necessary mineral clements are -present 
in much l;irger amounts than the limit,.; usually allowed for 
any one compmmcl. 

~oil samples 1:mnher 29K, 2~lU, '.20:), and 20-!- were t~1ken 
from :\Ian,hall countv, about five miles west from \\'m-re1L 
Sample 20:-{ has never-been unclcr the plow while 2~l~ is from 
an adjoining plot that has been under cultiYation for ten 
years. Analyses of the corresponding sulJ-soils arc gi\·en. 

Soil samples 202, 206, 2BG and 2:-{7 are from l'olk 
countv, four miles west from Crookston in the direction of 
Fishei-; 202 is a sample of native soil, while 2:-rn. from an 
adjoining plot, has raised ten crops of small grain. The 
composition of the corresponding sub-soils is given; ~ample 
201 is a fair example of" alkali soil," taken a short cl ist<i nee 
east from Crookston, while 272 is a type of "Gumbo." taken 
north-\vest from Crookston. 

Prof. Hays, who has had much experience in the working 
of these soils from the Red RiYer Vallev savs "that the\" do 
not puddle and bake like many clay soils, that when pucldled 
and then dried. a little rain, or eYen the moisture absorbed 
from the air will cause the lumps to slake like lime." 



TABLE 1.-SOILS FROM THE RED RlVER VALLEY. 

Native. Cultivated. Native. Cultivated. I Native. Native. 
\Varren. Warren. I Crookston. Crookston. I __ Crookston. ; Barnesville. 

I I 
' I !swam-. 

Top Soil or Sub-Soil. ....................... ····I Top Suh Top 1 Sub I Top Sub Top Sub 

1
, Alkali Gumbo py · Peaty 

Number of Soil..................................... 203 __ 204 29R __ [ 299 --· -_2~~--~~05 236 237 201 [ 272 [ 206 I 207 

Kind of Soil. ..................................... .. 
\\rl1ere fron1 ............. · ··· · · ··· · · ···· · ·· ·· · ·· · ·· 

E~i~~J.~~:~:,;:l~:i:~: '.~~~::::::::::::::::: :::::: :::: :.~~~---··· ! ~-~~- ..... ! 1-~~- ..... I~~~ ...... :~~~ ...... ,i ~~? ..... _ 11 ~~ ...... I.~~? ...... ~~~ ...... 1~~~---···1 ::~~ :::::: ::~~ :::::: 
Humus ................................................. , 5.34 .89 ! 3.02 'I .78 r>.16 .Hl I 2.87 [ .74 

1 

••••• ······1' 5.16 
1 

5.94 5.88 
Capacity to retain water. ··················i 75. : 63. · 58. 62. 71. I 5.J.. I G.J. 

1 

54. . .......... 59. 1139. 130. 
Total Xitrogen .... , ........... ······ ...... ······! .38 .11 .25 i .11 .41 I .11 [ .20 .11 ........... 1 .38 .52 .49 
Phosphates associated with Humus ... , .07 .02 , .03 1 .01 .06 

1 
.06 

1 
.03 

1 
.01 ............. : .03 .06 .02 

Insoluble Silica and Silicates ............... i 47.64 41.21 55.12 
1

1. 40.21i G0.20 39.17158 . .J.8 37.25 73.16 60.21 14.33 12.60 
Combined Silica .................................... 15.43 8.37, 16.92 8.98 9.82, 15.09 13.05 15.72 10.54 9.00 5.37 5.80 
Potash................................ .............. .54 .25 .50 ' .20 .60 , .60 , .54 .61 .65 .90 .44 .40 
Soda.................................................... .45 .48. .41 I .46 .41 .4.G I .45 . .J.2 1.05 .61 .30 .21 
Lin1e................................................ .... 2.4-t. 7.45' 2.40 1 7.67 2.55; 8.10 1 ~.49 7.92 .85 1.07 23.27 12.20 
M<,gnesia ............................................. : 1.85 4.48, 1.91 4.62 .67: 2.041 .62 2.12 .82. .84 .80 64 
Iron (Oxide)........................................ 4.18: 3.48 4°.20 3.51 4.00' 3.981 .J..0.J. 4-.02 1.981 3.49, .55 .4.2 
A __ luminia.............................................. 7.89 10.72: 8.81 11.76 8.10 I 13.61 R.15 13.50 5.50 9.15: 2.70 1.60 
Phosphatc-s.......................................... .38 .17 1 .31 .lG .29 ' .22 .24 .24 .22 .13 I .30 .21 
Sulphates............................................. .11 .10 .10 .10 .11 .on .11 .10 .07 .11 .75 .22 
Carbonates.......................................... 2.42 14.~G !!.45 1-1-.6+ 4.~11 4 . .+o 1 H.24 .G3 I .13 23.00 12 60 
Chlorides.............. ..................... ....... .. _ .03 .O.J. .O:! .U4· .02 : .0:2 .03 .07 1 .01 .091 . .04 
Volatile ............................................... , 1G.55 6.!!2 '. 5.58 G.20 8.10 5.48 +.22 3.90 I 14.29 27.72 52.60 

Totn1. ....................... ... BS.91 97.2B I UH.7B 98.5!1 DU.3S I 88.17 9S.~~a 99.64 I 98.94- 99.62 99.50 
I I I 

>-"' 
-l 
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In order to complct.c the series, three additional types of 
soil are added. One from Twin Valky,Norman county, ofa 
sanely nature, which is particularly noticeable as regards the 
combined silica This soil has produced seycn -crops of 
wheat and oats with one year of fallow. Samples BOS and 
309 arc from Gossen, Polk Co.; this soil has raised eight crops 
of grain. It is not as 8andy as the sample from Twin Valley; 
the sub-soil is more of a clayey nature. The sample from 
Moorhead is a type of the soils near the river, it has raised 
six crops in all, and in chemical composition is more like 
the soils from the places giYen in the following tahle. 

TABLE II. 
----- -----

\Vhere fro111. ......... .. ... .. .. . .. . .... . . .. . . T\vin Yaile:r. 

Top Soil and Sub-Soil... ............... Top Suh 
Number of Soil .............................. 306 1 307 

Gossen. 

Top 
308 

Suh 
309 

Moorhead. 

Suh 
276 

i 
'Veight per cubic foot. ................... ! 81. 87.7 I 75.8 I 85; 65.2 65.2 

Fine Earth ..................................... ;100. 100. !JS. I 98. 100. 100. 

Skeleton ......................................... ; ....................... . 

2.12 

39. 

Hu111ns ........................................... I' 

Capacity to retain water ............. . 48. 

.02: .02 '··········" ........... . 

3.161 ............ ; 4.04 I 

57. I 43. , 10. 56. 

Total Nitrogen .............................. 1 

Phosphates associated \vith humus
1 

I 
Insoluble sand and Silicates ··········I 

.141 .06 i 

.03 ! ............ 1 

I I 

87.74 ! 90.36 ' 

.251 .09 .37 .17 

.03' ........... .05 

! 
74.36 66.53 59.19 45.0& 

Combined Silica ......... : .................. . 3.41 3.19 ' 5.44 14.11 12.02' 16.43 

Potash .......................................... . .18 .17 .30 .:~o .73 .81 

Soda ............................................ . .21 .18 .18 .20 .44 .27 

Lime ............................................. . .48' .44 1.20 1.22 1.29 8.84 

Magnei:>ia ....................................... 1 .25 .24 .80 .74 .39 :l.02 

Iron Oxide ..... .............................. i l.41 1.38 2.30 3.5'! 4.07 4.22 

Alurninia ............ ......................... . 1.63 1.67 4.77 6.31 !l.33 10.2() 

.13 .20 

.13 .10 

Phosphates .................................... ] 

Sulphates .......... ............................ [ 

.19 ~)o i .!.!O .27 
·- I 

I 
.11 .06 i .09 .09-

CarlJonates . ............................................. : ... : ........ ' .14 .11 .10 7.22 

Chloricles ...................................... . .01 . .01 .01 .01 .01 .01 

Volatile ........................................ . 4.50' 1.72 9.67 5.30 12.05 2.61 

Total.. ........................ 100.08 , 99.66 99.47 98.62 99.91 99.04 

---------



WESTERN AND CENTRAL PRAIRIE SOILS. 

The prairie soils of the Western and Central portion of 
the state differ quite materially in the way in which the 
plant foo(l is stored up, as compared with the soils from the 
Red RiYer \' <tlley region. The soil particles are a little larger, 
and there is more silica in the form of sand. Some of the 
soils are uf a more sandv nature than others, and in some 
localities a number of different types of soil will be found on 
the same farm. In the soil work, it has been the aim to in
dude snrnples of all of tlw types. The most general type 
that we have to deal with is the hlack prairie soil ranging 
from one to three feet in depth resting upon a layerof yellow 
day. Tlie tup ::-oils arc lighter and weigh from 70 to 7:i 
pounds per cubic foot when perfectly dry; when of a sandy 
1rnturc the weight is greater. The yellow suh-soils range in 
weight from 7:i to 8;) pounds per cubic foot, clepernling upon 
the proportion of sand and clay that is present. 

These soils are quite well supplied with lime, although 
not to such a liberal extent as the soils already referred to; 
there is a sufficient amount, howc\·cr, for all ordinan· de
mands proviclecl that the soils arc not too senTely tax-eel in 
any one line of crop raising. The sub-soils arc somcwlwt 
better supplied with both potash and lime tlian the topsoils, 
while the top soils are more liberally supplied with pl10s
phates, humus, and nitrogen. In the management of farm 
crops this fact should he kept well in mind, and the crops 
rotated in such a way that the potash and lime in the sub
soil. and the phosphates and nitrogen in the top soil arc al
ternately and evenly drawn upon. Ckn·er. prcn·ided its 
growth is made a success, is an excellent crop for thif' pur
pose, also field peas. 

The continuou!' cropping of these soils is telling upon the 
humus 111 the same wav as with the soils alrealh· referred to. 
In some cases the nitrc)gen is less than .'.20 of a iJer cent. As 
a good illustration of this point, take for an example, the 
~ample of prairie soil (No. '.2'.2-!-, Tahle III.) that has ncyer 
lieen under cultiYation, compare it with sample :'\o. ~ll'.2 
taken from an adjoining plot that has raised ten successiYe 
crops of wheat and note ho\\· the humus and total nitrogen 
have decreased, a smaller amount of phosphates associated 
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with the humus, and finallv how the soil has decreased in 
ability to retain its water. -

The loss of the humus and the other organic matters 
from the cultivated soils will soon be felt in another wa ,, . 
\Vhen the humus and other organic matters decompose thev 
furnish liberal amounts of carbon dioxide to the air that [.., 
in the pores of the soil. This carlJon dioxide, the same gas 
that is given off in respired air, acts upon the complex 
mineral matters and aids in rendering them a\·ailable as 
plant food. In one sample of native prairie soil containing 
four per cent of humus, there was produced during the six 
months' trial, .84- per cent of free carbon dioxide, ovcrhventv 
times the amount that is in the air that we breath. A 
sample of long cultivated soil "·ith 1.84-pcr cent humus, gave 
.~1 per cent carbon clioxicle, while a sample of sanely soil 
with but little organic matter gave only .09 of a per cent of 
carbon dioxide. The humus in the soil aids in keeping up 
the supply of carbon dioxide, which is one of the active 
chemical agents that renders the plant foocl cn·ailalile. 

Since tl1c nitrogen decreases so rapidly in the cultivated 
soils, we naturalh· ask-" what becomes of it?" One of the 
chief causes of the rapid decrease of the humus and nitrogen 
from the new soil, is the unusual activih· of the micro 
organism in these soils in producing nitrates and nitrites. 
This is extremely beneficial to the growingcropwhileitlasts, 
lrnt the troulilc is. it is too active at first, producing too 
nrnk a growth of straw, and then is not active enough 
when the soils become older. These micro organisms which 
take such an important part in rendering plant food avail
able, perform their \\·ork under the most f~norahle con
ditions, being well supplied with phosphates, nitrogenous 
matter, lime, and other alkaline compounds. The soil ex
tracts (leachings) frorn ten samples of soil produced nitrifi
cation in a sterile a111111oniu111 chluriclc solution in from one 
to ti Ye cla \'S. 

The i;1direct action of lancl plaster (gypsum) on these 
soils in liberating plant food. part..icularly potash and phos
phoric acid, is lmusually marked. Experiments co!l(lncted 
in the iahorator_,. lwve sho\Yn that small amounts of gyp
sum are quite active in rendering potash, phosphoric acid, 
ancl e\·en nitroC!·cn soluble in the soil water. It is not the 
lane! plaster, itself, that furnishes the food. hut it is the 
power that it possesses in makinp:the mineral matters aYail
able, that are already in the soil. Lancl plaster acb more 
as a stimulant and not as a direct tCrtilizer, ancl if not usecl 
to excess it \\·ill be a profitable fertilizer to use on these soils 
especially to bring in grass and clover. 
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The association of the phosphates and the humus in 
these soils is marked. In the native soils from .05 to .06 of 
a per cent of pl10sphates is associated "vith the humus, while 
only .<n to .02 of a per cent is present in that form in the 
con tin nous ly grain cultivated soils. 

Soil sa1i1ple number 224 is a good type of the native 
prairie soil. It is from Marshall, Lyon county, and has 
neYer been under cultivation, while sample 312 has been 
under continuous. culfrYation rnainlv to wheat, for ten years. 
Sample number 222 is from Sleepy Eye, Drown count~', and 
has raised fiye grain crops with one year fallow. The soil 
from Sacred Heart, number 259, has been cultivated for 
twenh·-hvo vears. Instead of continuous "·heat, oats, corn, 
and other grains have been grown, with an occasional grass 
crop, and frequent applications of farm manures. Although 
there is no native soil from the same locality to compare it 
with, yet the humus and the nitrogen in this soil are as high 
as in most of the soils that lrnYe produced only half as many 
crops. The good treatment of this soil has shown itself as 
plainly as the good treatment of a farm animal. 

Soil number 2.J.9 is a sample that has produced flax for 
a number of years, "until the flax won't grow any more." 
The total nitrogen is a little lower than in most of the soils 
of this nature, hut the amount that re:nains would be called 
yery high for some localities, and is far from indicating an 
exhausted soil. 

Sample number 2H8 is from Grafton, Sibley county; it has 
produced seyen crops including one crop of flax, and has 
been fallow one year. 

Another ty1)c of soils frequently met with, is the re
claimed soils bordering on the edges of the numerous lakes 
of the central portion of the state, and those soils that are 
commonly known as old lake bottoms, formed hy the filling 
up and draining of old lakes and water courses. Two types 
of these soils are given. Number 326 is reclaimed land from 
the border of the lake at Worthinglon. Nobles county, and 
has been under high cultivation for about nine years, and in 
addition to its stock of native fertility has received very 
liberal dressings of farm manure. Soils of this class are 
particularly rich in limestone, the sub soil frequently con
taining from twenty to thirty per cent of this material. 



TABLE UL-WESTERN AND CENTRAL PRAIRIE SOILS. 

Kind of Soil. ........................................ I Native Prairie.\ Cultivated. Cultivated. Cultivated. ! Old Flax Soil. 
1 

Prairie. 

I 
I I I ·----·· ---1-

Top Soil or :;uh-Soil.. ...................... ····[ Top Sub ' Top Sub Top I Sub Top Sub Top Sub Top Suh 
Numher of Sc•il........... ............ ...... ...... 224 225 312 313 222 223 259 2GO 249 250 298 299 

--~~~----

Weight per cubic foot.......................... 72. 74. 81. ' 70. I 76. 72. 78. 85. 94. 71. 75. 
Fine Earth ........................................... 98. 92.5 91. 93. 93. H4. 93. 100. 100. 97. 95. 
Skeleton............................................... 2. 7.5 D. 7. 7. G. 7. ............ 3. 5. 
Humus................................................. 5.12 2.60 ............ 3.4·2 ............ 2.61 2.04 4.H2 ...... . 
Total Nitrogen..................................... .38 .22 .09 .28 .l O .20 .11 .17 .08 .41 .~:. >-' 
Capacity to retain water .................... 50. +9. !31. GO. 51. 51. 49. 48. GS. Gl. fi-t.. CJ1 

Phosphates associated \vitl1 Humus... .05 .03 ............ .02 ............ .(12 ............ .02 ............ .OG 
1 

Insoluble Silicates atHl Sand ............... 72.30 78.D5 ! 70.75 73.77 64.08 G5.61 G9.85 GS.54 7-!..77 74.82 I G3.77 I G7.0G 
Combined 8ilica........... ....... fi.77 G.GS 10.14 11.71 13.16 13.36 8.62 11.3G G.50 G.47 12.-1-fi 12.BD 
Potash ................................................ , .4:. . .J.0 .28 .35 .18 .44 .34 . .J.3 .32 .31 .32 3" 
Soda................................................... .2fi .42 ~ .14 .18 .45 .G4· .42 .17 .28 .18 .16 ..-1.2 
Litne............................................. .. .... .69 .70 .6G .73 .61 .67 1.00 1.35 1.58 2.79 .02 .94 
2\1agncsia ............................................ .B8 .36 .77 .23 .65 .43 .25 .35 .65 .92 .24· .1-1· 
Iron (oxideJ.......... .............................. 2.93 3.05 3.23 2.39 2.99 3.78 2.83 2.90 2.52 2.72 3.05 3.6G 
Alu1ninia.............................................. 3.lU 4.63 4.35 5.68 5.52 7.7fi G.75 6.15 4.2G 3.98 G.75 n.15 
Phosphate~.. ............................. ......... .35 .26 .30 .22 .21 .20 .21 .23 .26 33 .2G .2G 
Sulphates .................................... 

1 

OG .0-1· .24 .11 .7< 1 .10 .OG .OR .02 .02 .OD .10 
Carbonates............ ... . ... .. .. ........ .5G .36 .52 .24· ! .5G 1 1.3G .4-0 .11 .04 I .70 . .J.[i .U4-
Chluricles ..... ...... .. . ..... . ... .... . ... . ... .02 , .02 .02 .01 I .01 I .01 .01 I .01 .01 ! .02 .01 .01 
Volatile ............................................ 10.90 I 9.12 ~.lG 4.3G i 10.33 5.64· 9.G4 R.09 7.94· 1 fi.36 11.50 7.Hi--: 

Total ................................. I 98.85 i 9~).80 DD.54 j 99.D7: 99.4·-1· D9.~k UD.28 DH.831 99.10, DD.07 98.9(:) 9~l.7!"1 
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Sample number 214 is from Benson, Swift county, it is 
not one of the ty-;_:>ical prairie soils, but belongs more to that 
class of old "lake basin" soils. Both the top soil and the 
sub-soil are characteristically rich in limestone. These sub
soils are usually of a greyish color, and do not show the 
characteristic yellow color of most of the prairie sub
soils. These soils contain limestone to such an extent as 
to show a marked effervescence when treated with acids,and 
it can even be observed when strong vinegar is poured on 
them. 

TABLE IV. 
-------------------~----- -

\Vhere fro111 .............................................................. 1 \Yorthington. Benson. 

---·-- -- ---- I 
~~~~~:1 ~11~~~~~~~~~~::::::: :::::::::::: :::: :: . :: . :: :::::: ::::::::: 

I I Weight per cubic foot ............................................. ! 72. 75. 70. \ 72. 
! I Fine Earth .............................................................. 100. 1100. 100. 1100. 

Skeleton .................................................................. / ............ 1 

....................... : .......... .. 

Humus ................................................................... ! .J..39 ............ 2.06 ! ........... . 

Capacity to retain water ............................ ........... · 71. 1 45. 

Total Nitrogen ....................................................... ! 
Phosphates associated with Humus ...................... ! 

I 

Insoluble Sand and Silicates .................................... : 
I 

:::::~'.e·d··s·i·1·;-~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::I 
Soda ...................................................................... . 
Lime ....................... r················································ 
Magnesia ................................................... ; ............ . 
Iron (oxide) ............................................................ . 
A111minia ................................................................. . 

Phosphates ............................................................. . 
Sulphates .............................................................. . 
Carbonates ............................................................ . 
Chlorides ................................................................. , 

Volntile ............ ;~~~;""""""""""""""""""'""""""""""""""":::""""""""""ll 

.37 I 

.07 

62.46 

12.22 

.36 

.28 

1.06 

.82 

1.86 

6.07 

.65 

.21 

.37 

.01 

13.19 

99.56 

.01 

45.84 

15.97 

.22 

.44 

11.33 

1.72 

3.28 

7.46 

.25 

.08 

10.94 

.01 

1.56 

99.10 

56. 

.24 

.05 

54.25 

8.13 

.46 

.37 

13.56 

2.57 

1.41 

3.34 

.27 

.04 

10.40 

.1)2 

4.80 

99.62 

51. 

.07 

57.87 

8.04 

.20 

.32 

12.08 

.27 

2.24 

4.90 

.26 

.06 

9.82 

.02 

2.18 

98.23 



SOIL SAMPLES FROM NORTHERN CENTRAL POINTS. 

Soil sample number 208 is from Fergus Falls, Otter Tail 
county. It has produced ten crops of wheat. The top soil 
is a black loam, about twelve inches in depth, and shows 
the presence of a little sand. It has no tenclencv to cake and 
lump ·when dry. The top soil is a little weak ii"1 potash, but 
the sub-soil is sufficiently rich to make up for this want. 
The high phosphoric acid in the top soil, and such a liberal 
amount of it in available forms, speaks \vell for the future 
fertility of these soils. Soil sample number '.rn'.2 is from Hen
ning. the eastern portion of the same county. It was origin
ally an oak and hard wood clearing.and has raised five crops 
of wheat. The top soil an:n1ges about fourteen inehes i11 
depth aml then follows a yellcJ\v clay sub-soil that is richer in 
potash and phosphates. :\ somewhat larger per cent of 
lime is noted in the top soil; this is a point that appears 
quite general with the analysis of oak soils. Timothy is re
ported as thriving \vell on this soil, but quite frequently 
difficulty is reported in getting clover started. The surface 
soil appears to be the \veakesf in potash of ~rny of the neces
sary minerals, and young clover requires a good supply of it 
to get started. Gypsum, will no doubt aid the clover in 
getting a start, and as soon as the clover roots reach clown 
into the sub-soil then a liberal supply \vill be found. 

Soil number 210 is from Alexandria, Douglas county, 
and has produced eight successive crops of wheat. This soil 
sample is selected because it is a good type of the sandy, 
gravelly sub-soils; it consists of about half fine gravel. Good 
clay sub-soils are equally as common in this locality. The 
top soil has a good supply of humus, and sho\vs a corre
spondingly good capacity for retaining water. This land 
was originally a lumber tract, and is a black loam, sandy in 
character as is shown in the analysis. 

Soil number 245 is from Wadena, \Vadena county; it is a 
black sandy loam; has produced five successiYe crops of 
wheat. The soil particles are a little coarser than those 
from the south-western portion of the state. All of the soil 
particles are less than 1,:wth of an inch, and about twenty 



per cent are less than 1!1.0 th of an inch. Even in these soils of a 
slight sandy nature th· .. :re is a good native stock of lime and 
phosphates; more so than is usually found in sandy loam 
soils. The top soil contains about three per cent more of 
organic matter in the form of humus than the sub-soil, and 
retains one-fifth more water in its pores. 

Soil sample number 230 is from Park Rapids, Hubbard 
county. It is a lilack sanely soil of about two feet in depth, 
-the sub-soil is of a yellow sanely nature. The top soil con
tains aliout fi,·e per cent of combustible matter and humus, 
while the sub-soil contains onh· about a half of a ;]er cent. 
The top soil and sub-soil particles are of about the same size. 
The top soil, which is about ten times richer in decaying 
\·egeta!Jle matters, retains (l\'er two-thirds more water 
than the sub-soil. This soil shows the good effects of the 
humus and yegetahle matters in retaining the water in the 
soil, as well as any other example that is reported in this 
work. This soil has produced ti Ye consecutive crops of wheat 
and according to sorne ideas and hooks. it would not he put 
down as a wheat producing soil; hut notwithstanding this 
fact it has produced, and still continues to produce, good 
crops of wheat. The suppl_\· of ln1111us and vegetable matter 
must he kept up in this soil. 

Soil sample 273 is from Fair Haven, Stearns county; it 
was originally an oak clearing. The soil is six years old and 
has been treated to a good rotation of corn, oats, millet and 
wheat. The sub-soil is a yellow clay with some disposition 
to lump; it is not of a hard-pan nature nor impervious to 
water. The six vears' rotation cultivation has left this soil 
in good condition, and as far as humus and nitrogen are 
concerned, compares favorably with the various examples of 
natiYe soils that are reporterl. 



TABLE V.-SOIL SAMPLES FROM NORTHERN CENTRAL POINTS. 

Where from ...................... . 

Top Soil and Sub-Soil.. ....................... . 
Number of Soil. ................................... . 

\Veight per cubic fuot ........................... I 

~}:,~~~:·:~~'.::::::::::::::::::::::::::::::::::::.:·:·:·:·:::, 
'l'uta1 Nitrogen ...... .............................. ' 
Capacity to retain water .................... . 
I>posphates associated 'vith Hu1nus ... . 

Insoluhlc Sand and Si1ica .................... . 
Combined Silica ...... .... . 
Potash .............................................. . 
Soda .................................................... . 
Lime .................................................... . 

~~~(~~~i«1·~ ·)·:::.·.·.·:::.·.·.·::::::::.-.·:::::::.·:::::::.:::I 
Alt1111inia ..... . 
Phospha tcs ........ . 
Sulphates ............ . 
Carbonates .... . 
Chlorides ............................. . 
Volatile ................ . 

Total. .............................. . 

Fergus Falls. 

Top Sub 
208 209 

75. 85. 
CIO. 90. 
10. HJ. 

.'.2.HH 
.24 

4·\J. 
.04 

75.42 
8.51 

.17 

.091' .54 

.33 
2.GD 
:>.60 

.a2 

.06 

.()() 

.02 
7.1 B 

9H.D4 i 

78.42 
7.B1 

.4G 

.21 

.62 

.42 
'.2.6'.2 
'.2.~o 

.18 

.07 

.07 

.02 
5.48 

9~.G7 

Alexandria. Wadena. 

Top Sub I Top Sub 
246 210 211 I 245 

--- ---1 
I 

78. 
87. 
13. 

3.02 I 
~~: i~~~: .... ~g: 

3.0!.l ············' 
.24 I .o7 

88. I 82. 186. 

. 2G .08 I 
50. I 29. 

.021······ .. ···· 

76.69 i 
5.64' 

.44 I 

.13 I 
1.261 

.35 
1.57 
il.38 

.:11 

.OD 

.81 

.02 
7.60 

D8.!2D 

77.22 
7.62 

-;;~I 
.72: 
.64 i 

a.on 
.J .. 3\) 

.22 

.08 

..1.1 
Jrn 

4·.1 !l 
~)0.fi1 I 

50. ' i 40. 
.0.1 , ........... . 

78.iHJ 
5.97 

.2H 

.24 I 

.BO I 

.60 
'.2.37 
il.14 

.'.20 

.0'.2 

.03 

7.09 
HH.HH 

84.0fl 
5.10 

47 
.12 
.25 
.37 

:l.4G. 
'.2.3() I 

.'.26 

.0:.! 

.02 

ii.GB 
100. 

Park Rapids. 

Top I 
230 

:-1 
95. 

5. 
2.40 

.15 
41. 

.02 

82.79 
6.:~4 

.2G 

.26 

.61 I 

.18 
1..1.5 
1.61 i 

.1G 

.(HJ 

.01 

.02 
5.DD 

98.76 

Sub 
231 

88. 
95. 

5. 

93.52 
3.12 

.10 

.18 

.Bl 

.07 

.G7 

.<lD 

.(J1 

.()() 

.01 

.01 

.GG 
DH.70 

Henning. ) Fair Haven. 

------1 - --
Top 

I 292 
1 Suh I Top ! Suh 
I 293 273 : 274 

---- --- I ___ _ 

' 
76. 82. 
97. !JS. 

8. 2. 
8.8~) 

.2G .O~ 
48. 42. 

.04 

! 
76.55 , 81.::is 

5.88 ' 7.43 
.19 .42 
.18 .l<i 
.6B .a1 
.1 :1 ' .11 

2.3H I 2.:42 
4.0.J. .J .. 1 s 

.BG .40 

.10 .07 

.04 .01 
,01 

9.1 () 
99.61 

.01 
2.1S 

90.+5 

80. 
BG. 

4. 
4.18 

.89 
.J.3. 

.u:~ 

7'.2.52 
10.GG 

.20 

.19 

.25 
!2.Hn 
;LDH 

.21 

.OD 

.1 (} 

.01 
S.1 G 

100. 

84. 
D5. 

5. 

.10 
:18. 

7:~.14. 
11.6:1 

.21 

.40 

.B4 
B.7f'> 
().'...!() 

12 
.OH 
.02 
.Cll 

il.80 
l 00. 

..... 
-1 
c 



SOIL SAMPLES FROM NORTH-EA.STERK MINNESOTA. 

Soil sample number 216 is from Mille Lacs, and is a fair 
representative of the pine forest soils. This section has been 
occasionally burned over by forest fires, and hence the 
analysis does not show the full amount of humus and nitro
gen -that would otherwise be present in localities that have 
not been burned over, and where the leaves and dead 
branches ha ,.e rotted and formed humus. Frequent and de
structiYe forest fires will seriously decrease the agricultural 
value of these soils. The soil particles arc extremely fine. 
There is a furrow slice of black top soil oycrlaying a yellow
ish sandY sub-soil that contain a Yen· little true clav. This 
soil is a typical pine producing soi( and in appearance is 
quite like some of the pine soils from the Southern states. 
For comparison, an analysis is giYen, number 2:-1G, of an old 
pine soil from Tennessee. At the time this sample was 
analyzed it was supposed to be one from this state. \Vhen 
these two soils are placed side by sicle, they can not be clis
tinguishecl by the eye or hy mechanical analysis. The 
Tennessee pine soil has heen cutiYaicd about sixty years.and 
will not produce any more crops without fertilizers, while 
fertilizers haYe not as yet, come into general use on our cnl
tiYatecl pine soils. The pine soils will require careful form
ing, and the necessity of a good supply of humus in these 
soils, is, and will be, the most important want. There is 
comparatiYely more plant foocl in these soib than appears 
at first glance, because a cubic foot of these soils weighs 
nearly ninety pounds, as against seYenty or se,·enty-fiye 
pouncls for many other soils. 

Soil sample number 22S is from HinekleY, Pine ecnmh·. 
The top soil is a light yellowish red clay from one to t\\:O 
feet in depth. The snh-soil is a bright reel clay, that becomes 
quite hard when dried in the air. The top soil does nut 
lump so badly. These sub soils contain a high per cent of 
iron oxide from four to fiye pounds of it in eYcry hundred 
pounds of the soil. There is no iron present in the frn-ous 
forms, and hence this large amount is in a perfectly harmless 
form and will not injure the roots of planb. ..\ yery little 
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additional organic matter in these soils improves them to a 
great extent, especially as regards the ease with which they 
are worked. The potash reported in the tal)les for these 
soils is only the potash that is present in easily soluble 
forms. There is, all told, from two and a half to three 
pounds of potash in every hundred pounds of these soils,ancl 
as vet we have not sufficient data to determine how much 
becomes available each year by good cultivation for crop pur
poses. The evidence appears to ])C that there is quite a large 
amount because such large yields of potatoes and root crops 
are annually raised on these soils without an.\· application 
of potash fertilizers. 

In some small loc:tlities, the clay suli-soil g·iws way to a 
layer of greyish deposit. This is found particularly in low 
places. A number of samples of this material Jw,·e been re
ceived at the laboratorv. This material is marl and is com
posed mainly of lime stone with a small amount of clay. 
On some soils this marl will no cloul1t do some good when 
used as a fertilizer, hut it will not pay to haul it any great 
distance. It will probably be found to do the most good on 
the soils of a sanely character, and will irnpron.'. the working 
condition of some of the hea YY cla v soils. The an ah-sis of 
the marl reported is from Rush ·city» -

Soil sample number 2B2 is from :\ew Duluth. St. Louis 
county. The top soil is well supplied with phosphates, lime 
and magnesia. The sub-soil is yery rich is potash but only 
about a tenth of it is "unlocked." This soil has liecn culti
Yated fifteen vears. 

Soil num l1er 2()..J, is fro rn Duluth. It is b: igh t red in color 
with quite a few small gntYel stones mixell with it as is in
dicated in the mechanical analyis. This section joins the 
city limits on the north side; it has raised one crop of 
potatoes. 

Soil number 212 is from St. Cloud; it is a fine black 
sandy soil, one of the typical potato soils of that region. It 
has raised fifteen crops and has been well manured. Th~re 
1.s an unsually high content of potash pres~nt for these s~1ls. 

Sample 288 is from \V yanette, Isanti county. It is a 
dark sandv soil seven to eight inches in depth overlaying a 
yellowish - sanely sub-soil; it has been cultivated for two 
years. 



TABLE VI.-SOIL SAMPLES FROM NORTH-EASTERN POINTS. 

Where from .......... ~~---~--~~-=~ .... -.=.~11 ~~Ile Lacs. 
·~--------- ---

Top Soil and Suh-Soil ......................... . 
Number of Soil. ............................. ..... . 

Top 
216 

Pine. I 

Top I 
236 

Weight per cubic foot ....................... 186 188. I 
Fine Earth .......................................... 100. 100. I 
Skeleton ................................................................ j 
Humus............ ................. ...... ............ .65 .60 
Capacity to retain water. ................... 

1 
38. 40. 1 

Total Nitrogen . ... . ....... ..... ...... .... ..... . . ,fJ7 ' .05 I 
Phosphates associated with Humus .... I .01 

Insoluble Silicates and Sand................ 89.80 i 86.07 
Combined Silica ................................... 1 2.62 2.64 
Potash ................................................ 1 .14 .08 

~ff J,;:~~::;L:i_:.:.·.·.·.:.: · :.:.:.:.: ... :.:.:.:.:.:.:.:.:.:.:: :.:.:.:.: .. :::.::::: 1 :~i · 1 :i~ 
~~~i~~~E:·::.:.·.:-:.·.:.·:.: ... :.:.:.:.:.:_:.:.~:.:.:.:.:.:.: ._::.:::::iii:·:·::·:: I 

3

~ ~~ 
3

: ~! 
Chlorides .............................................. : .01 .01 
'"olatile .......................................... ...... : 1.:."'i6 3.85 

Total. ................................. 1 99.69 !l8.21 

I 

Hinckley. New Duluth. ¥iyanette. 

Top 
228 

Suh Top I Sub 
22!.J 232 233 

--·· --~ --- ;---
1 

Sub 
289 

86. 90. 89. 95. II 80. 88. I 
95. 92. 96. 98. 100. 99. 1 

5. , 8. I 4. 2. , ...... :..... 1. , 
1.69 ............. 

1 

. 1.77 ............ , ].] o ..... . I 

53. I 34. 42. · 46. . 41. 34. 
.12, .01 .09 .01 .15 .05. 
.03 1 ............ 1 .01 ............ ! .02 

76.35' 
10.76. 

.18 

.20 

.76 

.25 
3.55 
~). 73 I 

.12, 

.06 I 

.01 

.01 
'.!.()() 

9H.98 I 

611.35 
16.55 

.!.!O 

.40 

.22 

.27 
4.71' 
5.56 I 

.36 I 

.13 

.0:1 

.02 
8.00 

99.80' 

79.03 
9.88 

.27 

.16 
32 

.51 
1.02 
3.30 

.33 

.02 

.:lH 
,(11 

:~.DO 
D9.1a 

64.18: 
15.07 I 

.21 
18 

.85 
l.04 
5.90 
8.55 

.08 

.02 

.4fi 
.01 

2.94 
D9.48, 

89.50 
3.47 

.08 

.08 

.21 

.13 
1.34 
1.86 

.10 

.10 

.O:.! 
,(Jl 

2.98 
9D.88 

91.32 
2.92 

.08 

.18 

.22 

.20 
1.66 

1.791 
.13 
.07' 
,03 
.en 

1.31 
99.921 

Top 
212 

Sub 
213 

Duluth.I Marl. 

Top 
264 

Sub 
244 ___ , _____ _ 

74. 84. 
98 94. 

2. 6. 
3.24 

46. 
.17 
.03 

83.27 
5.44 

.85 

.35 

.26 

.10 
1.66 
2.22 

.1!:> 
,0() 

.07 

":~~I 99.G5 

34. 
.12 

84.72 
3.35 

.62 

.35 

.38 

.38 
1 79 
3.95 

.15 

.06 

.04 

.04 
4.05 

!.J9.88 

80. 
88. 
12. 

.89 
46. 

.08 

.01 

7~:~~ \ .. ~~:~~ 
.25 i .12 
.36 .06 
.51 38.32 
.12· .72 

5.35 1.25 
5.1)3 2.01 

.45 .35 

.03 .34 

.041 .01 

.02 40.10 

9~:!~ , .... ~:~~. 

...... 
00 
l>J 



~oil from the I~xp<•riuu·nt Station.-In passmg 
from the Central Eastern points to the soils of the South
Eastern portion of the state, a few words can he said in re
gard to the composition of the experiment station soil, and 
particularly as to the effects of heayy applications of well 
prepared manures during dry seasons. The experiment 
station is located between the two sections noted ahoYe. 

The effects of heayy manuring was clearly shown during 
the season of 189B. A pile of well rotted mixed manure was 
drawn out in a field that had raised a corn crop the preYious 
year. The well rotted manure was spread very heffY\". A 
prominent knoll was left with one-halfheaYih· manurec1,anc1 
the otlwr half without any. .-\bout the lcist of June an 
unusually dry time set in. Pre\·ious to this, the corn on this 
knoll appeared to he all about alike, the manure hardlv 
showed itself. but as soon as the dry spell came the manurecl 
part kept on growing \\·ithout showing the effects of the 
drought to any great extent while the 1111manure(l part 
made very little progress. The soil on this knoll was sandy 
and porous, and on the unmanurecl half it dried out badlv, 
·while On the other half a perceptihJc amount of \Yater re
mained. 

Samples of the soil from each lot \Ven· taken to the 
laboratory on June 30, and the amount of water determined. 
There was an average of twelve and one half per cent of water 
in the first six inches of soil in the hem·il.y manured plot, and 
eight and nine-tenth per cent in the unnrn1•urec1 plot. July 
23 there was ten and one half per cent in the manured part 
and eight and one-tenth in the unmanured part. At one 
time after two clavs of hot clrv winds the soil water in the 
unmanured part re~ched as lo~Y as seven per cent, while the 
manured part never reached belo\Y ten per cent. At harvest 
time the fodder corn on the manured part was on an average 
two feet taller than the corn on the unmanured part. This 
was not clue so much to the absence of fertilitv in the soil of 
the unrnanured part as it was to the want -of the proper 
amount of moisture. The greatest value of well prepared 
farm manures is in furnishing humus and keeping the soil 
from drying out. In order to he of full benefit the manure 
must he well rotted before spreading on the land, otherwise 
in a clrv season there is not sufficient moisture in the soil to 
rot the straw that is in the manure,-itis then plO\vecl under 
and not infrequently lays in the soil for two or three years 
before rotting, and causes the soil to dry out more, hy being 
open loose and porous than it otherwise would if this coarse 
manure were not present. Straw is not manure until it i 
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well rotted. The beneficial effects of well rotted manures in 
aiding the soil to retain its water, is noted and discussed in 
connection with some of the soils from South Eastern 
?\1innesota. 

A detailed discussion of the composition of the soils from 
the Experiment Station farm is not given. One analysis is 
reported, number 241. A number of analyses have been 
made in connection with plot experiments and the draft of 
different crops upon the soil, as well as different methods of 
rotation. The work has not, as yet, been carried on a suf
ficient length of 1.ime to obtain definite resulis, hut su flicient
ly encouraging results have already been obtained to 
warrant a continuation of the work. 

There are some points as to the general composition of 
the sample soil (No. 241) that can be noted. The top soil 
is a black loam, with a sandy nature in some portions of the 
farm, and clayey in other portions. The sub-soil is a yellow 
clay; the top soil, when perfectly dry, weighs about seventy
three pounds per cubic foot, and has a fair content of potash, 
lime and phosphates. The nitrogen is not as high as in the 
virgin soils, yet nitrogen fertilizers do not appear to he 
particularly beneficial, nor do potassium prcpan1.tions 
shoYv any gol)cl results. The top soil ffill retain more water 
and for a longer time than the sub-soil. The presence of 
onlY a verv little sand will cause it to drv out until the first 
three or fo~lr inches is in nearly an air dry condition. 



SOILS FROM SOUTH-EASTERN .MINNESOTA. 

Samples number 277 and 279 are from Farmington, Da
kota county. Both were originally native prairie soils and 
have been under cultivation for thirty-five years. Number 
277 has been under high cultivation, received regular and lib
eral dressings of manure, and raised good crops of corn, 
oats, wheat and grass. . 

In another and an adjoining field, that originally raised 
as heavy crops, sample number 279 \Vas taken. This field 
has been under cultivation for the same length of time, thir
ty-five years, has never recei\-ed any manure, nor been sum
mer fallowed. It has always produced a grain crop, hut for 
the past few years the yield has been unusually low.and dur
ing clrough ty seasons it suffers much more than the adjoin
ing field that has been rotated and well manured. 

From the analvsis it \vill he observed that the main dif
ferences are in the amounts of humus, sand and nitrogen 
that are present. The well manured and more productive 
soil yielded 3.~32 per cent humus and .:"10 per cent nitrogen, 
against 1.80 per cent humus and .1 () per cent nitrogen in the 
poorer soil. There is the same amount of phosphoric acid in 
each soil, .20 of a per cent, which would ordinarily he consid
ered a very large ~trnount, lmt in the poorer soil there is only 
.01 of a per cent that is associated with humus in antilalile 
forms, while in the well manured soil there is .04 of a per 
cent availahlc. The amountol.potash as gin:n in the mwly
sis is practically the same for each with a shade of achan
tage in favor of the better soil, and yet larger quantities of 
potash ha\-e been annua1ly rcmoYccl in the more productive 
soil. The total amount in each soil is 1..J.2 per cent for the 
manured soil and 1.50 per cent for the poorer soil. 
There is cYidcncc that the thorough culti,-ation of the one 
soil has materially aided in rendering a portion of this insol
uble potash availalile as plant food. The total insoluble 
matters (sand, silicates, and com liincd si lie a tcs) arc a liout 
the same in each, \\-hen they arc cornpan:d 011 an equal foot
ing- as to humus. In the case of the lictter soil, 110\\TYer, 
th'erc is nearly sc\·en per cent of silica that is comlJinccl \\·ith 
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the potash, soda, aluminia and lime, while in the poorer soil 
there is onh· four per cent in this form. The thorough culti
vation ofti1e one soil has without doubt been the chief cause 
of the decomposition, and breaking up, of this three per cent 
ofstonv particles. Plant food can be cultivated into avail
able forms cheaper than it can be purchased. 

The history of these two fields, as to their former similari
t\• in eyen· '-"av, their original alike productiveness compared 
\~i th their present dissimilarity and unlike producti ,·eness, 
together with the difforent methods ofcultiyation that have 
been the cause of the decline in tertilitv, and foiallv their 
present comparative composition after thirty-five yc<-tn' un
like treatment, are facts that should be carefoll.'· considered 
because they emphatically suggest the necessity of keeping 
up the organic matter in the soil, coupled with a judicious 
system of rota ting crops. 

Sample number 2~3~) is from I<olling ~tone, Winona coun
ty. It has been under cultivation for forty years and has pro
duced good crops of wheat, corn, barley and oats. For the 
last twehe vears a rotation of corn, harlev and oats has. 
been practiC'ed. It is bottom land ancl has J)een well kept up 
by manure; the nitrogen, humus and other points speak 
well for the land as not suffering from cropping. There is a 
good content of pho5phoric acid present, an cl a good work
ing supply of potash. The silicates ancl stony particles ap
pear to be easily clecomposecl. 

Sample number 281 is from Faribault, I<ice county. It 
has been under cultivation for thirty-eight years; the first 
fourteen years it always produced a grain crop of some kind_ 
It produced hay for two years, was pastured one year, and 
for the past ten years has produced corn, oats and wheat in 
rotation. It has occasionally receiyed a dressing of manure, 
and has never been summer fallowed. The land is in good 
condition, and the analysis does not indicate any weak 
points; however, it will not do to allow the humus to reach 
much below the present point. 

Sample number 283 is from Owatonna, Steel county. It 
was originally a timber tract and has been cultiYatcd for 
thirtv-five vears. The Janel has been well cultivated and 
occasional!}· manured, and for the past seven years has pro
duced three crops of corn, three of clover, and one of oats. 
The soil is in good condition with reasonable working 
amounts of all of the necessary plant food compounds. The 
clm·er appears to haYc left its mark in a goocl nitrogen 
content. 



TABLE VII.-SOILS FROM SOUTH-EASTERN MINNESOTA. 
-------------·-=--==-=--~- -~~=----=-~---

\Vhcre fro111 ......................................... i Farmington. 

I 
Top Soil and Snb-Soil .......................... ' 
N111nbcr of Soil. .................................... 

1 

-1 
! 

Weight per euhic root ........................... I 
Fi11e Eartl1 ......................................... .. 
Skcleto11 ............................................... 1 

I-I1111111s ..........••.•...........•..•..••..........••••.• 
Total Nitrog-e11 .................................. . 
Capacity to r~tain water ................... . 
Phosphates associated with 1-Iumus .. . 

JnsolulJlc Rilicatcs and Sand ............... . 
Cotnhincd Silica ............................... .. 
r->ot::tsl1 .............................................. . 
Sod:t....... ..... . ................................ . 
l .. in1c. . ..................................... ······· 
.\1agncsia ... . 
[run (oxide 
Alumini:1. 
Phosphates .. 
Sulphates ..... . 
CarlHina Les ... . 
Chlorides ........ . 
Volatile ............ . 

Total. 

.! 

Top Sub 
277 278 

70. 74. 
96. 95. 

4. 5. 
3.32 ....... 

.30 .21 
48. 46. 

.04 

74.43 74.05 
6.93 8.46 I 

.20 .22 I 

.19 .16 

.4() .51 

.18 .22 
2.60 3.27 
4.,43 5.44 

.20 .1G 

.15 .12 

.09 .()!I 

.01 .01 
D.40 7.29 

99.27 100. 

Farmington. I Rolling Stone. 

Top 
279 

72. 
96. 

4. 
1.80 

.16 
39. 

.01 

78.32 
4.01 

.19 

.16 

.48 

.27 
2.88 
·1-.80 

.:JO 

.12 

.09 

.01 
8.31 

tl9.84 

Sub 
280 

74. 
95. 

5. 
•••••••••••• 1 

.17 
46. 

I 

73.791 
9.36 

.20 

.13 

.35 

.35 
3.22 
4.,34 

.16 

.15 

.08 

.01 
6.21 

\-18.35 

Top Sub 
239 240 

74. 79. 
97. 98. 
~ •> 

0.49 , ........... . 
. 25 ! ........... . 

49. 4-G. 
.03 ......... . 

71.89 
8.85 

.30 

.23 

.41 I .39 
3.01 
-1 .. 6B 

.2a 

.04. 

.12 

.OJ 
U.81 

99.92 

74.81 
8.94 

.20 

.32 

.-1-0 
59 

-1-.17 
-1-.:)~) 

.lS 

.O:{ 

.11 

.01 
G.47 

90.S.'.2 

Faribault. Owatonna. 

Top Sub I Top 
280 281 283 

-------

76. 
88. 
12. 

2.80 
.24 

41. 
.02 

77. 
83. 
17. 

.08 
34. 

80.06' 79.73 
6.04 7.07 

.23 .21 

.18 161 

.54 .50 

.30 .41 
2.29 3.0G i 
:1.94· 4 .. 58 

.21 .lG 

.08 .Ofi, 

.0!) .OD I 

.01 .01 ' 
5.9:~ :~.R5 

~Hl.90 9!•.95 

86. 
95. 

5. 
2.66 

.26 
47. 

.30 

83.25 
5.39 
.2~; 

.13 
48 

.18 
2.09 
2.75 

.13 

.09 

.13 

.01 
G.00 

99.86 

Sub 
284 

87. 
93. 

7. 

39. 

82.16 
7.32 

.26 

.12 

.48 

.29 
1.99 
2.91 

12 
.08 
.09 
.Ul 

4.26' 
100.0D I 

Ex. Station. 

Top Sull 
242 243 

76. 78. 
94. 97. 

6. 3. 
2.411 ........... . 

.21 .11 
53. 51. 

.02 ! ........... . 

73.67 
10.41 

.:~o 

.25 

.51 

.26 
2.56 
4.24 

.23 

.UG 

.2H 

.01 
7.04 

99.83 

73.51 
11.04. 

.18 

.21 

.34 

.29 
3.40 
5.61 

.21 

.us 

.02 

.01 
4.37 

99 27 

...... 
rx 
-1 
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Sample numher 218 is from Austin, Mower county. It 
is a typical example of a new soil; it is a "Jack oak" clear
ing and has raised three crops of corn and two of wheat. 
This soil has a good stock of native fertility and will wear 
well. It is particularly rich in phosphoric acid, and a fair 
portion of it is in soluble forms. 

The sample from ·wells, Faribault county, number 220, 
is one of the same class of soils, an oak clearing, three years 
old; corn was grown the first year, and wheat during the 
two following years. The soil is liberally supplied with 
plant food; the high per cellt of hurnus-+.17, is noticeable 
and is a characteristic of the new soils, hut unfortun::itely it 
does not last yery long. -

An analysis is giYen, number 2~l4, of a soil that has been 
a permanent meadow for about thirty-fiye years, and pro
duced large crops of natiYe hay; but ''cluring the past ten 
years bare spots ha Ye appeared that ha YC re fusee~ to grow 
any kind of p;rass; timothy, clcwer and reel top !Jaye been 
tried on these spots but without success ancl the spots are 
yearly increasing in size." The soil consists largely ( uYcr 
seventy per cent) of decaying ,·eget<tble ancl other organic 
matters. Itcontains a ,·en·small amount ofmi11cn1lmatter, 
less than seYen pounds pe1: cubic foot. "·hilc many soils con
tain as high as seyenty pounds of mineral matter per cubic 
foot. There are no other forms of potash present except the 
.19 of a per cent reported, and the large drafts of the grass 
crops have told the he~l\·icst on this material. :\.good ap
plication of unleached wood ashes will do the most good 
for these spots. This tract was originally a marshy place, 
but by draining it was made to produce goo cl crops of grass, 
and it is. like many other reclaimed places, the main source ot 
supply of the haycrop. The sub-soil is quite rich in lime and 
gypsum which prevents the formation of sour mould. The 
sub-soil is very rich in phosphates, and altogether it is too 
valuable to be used only as a meadow. There is an unusual 
amount of fertility in many of these low and marshy places, 
which, if reclaimed, will prove to be very fertile soils. 
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TABLE VIII. 

Where from .................................... 1 Austin. Wells. Mankato. 
~i~d of Soil... ............................... 

1 

Oak Clearing. Oak Clearing. P~~~~~!~t 

Top Soil and Sub-Soil.. .................. ! Top J Sub Top ! Suh Top I Sub 
Number of Soil.. ............................ 1

1 

218 I 219 220 I 221 294 I 295 

Weight per cubic foot ...... ········= r-~~-. -: ~~--T 75. - 79. I 25. I 42. 

Fine Earth ..................................... 98. 99. 197. 98. , ............ : ........... . 

Skeleton......................................... 2. 1. 3. 2. , ............ : .......... .. 

. ...... 1 .24 .14 

40. 1125. 68. 

l-It1m11s ........................................... 3.73 ..... ······1 4.17 

Capacity to retain ,·vater .............. 57. 47. I 68. 

Total Nitrogen ....... : ...................... .30 .151 .37 .20 : 1.29 .14 

Phosphates associated with humus .04 I .04 04 

Insoluble Silicates and Saud .......... 71.19 75.05 66.15 68.79 15.81 31.63 

Combined Silica ............................. 11.09 9.17 
I 

11.49 12.81 2.66 6.58 

Potash .......................................... .32 .08 .36 .30 .HJ .17 

Soda ................. ···························· .34 .31 .41 .35 .18 .20 

Lime .................................... ········· .48 .21 1.10 .80 .53 4.16 

Magnesia ....................................... .45 .61 .99 .68 i .11 .20 

Iron (oxide) ................................... 2.81 3.26 2.40 2.68 2,()2 5.99 

Aluminia ........................ I 4.77 4.44 3.61 5.92 1.38 4.48 ···············! 
I 

Phosphates .................................... .38 .30 .25 .24 .30 .60 
I I 

1.66 2.09 Sulphates ....................................... [ .15 .10 .16 .16 
' 

Carbonates .................................... I 1.40 1.43 
' 

.56 .75 1.67 3.19 

Chlorides ....................................... .01 .01 .01 .01 .01 .01 

Volatile ............ ........................... :.J 6.56 5.00 12.40 6.50 72.80 39.92 

Total... ................ ~ ... ···1 99.95 99.97 99.89 99.99 99.92 99.22 



SUMMARY. 

1. The continued cropping of soils to grain crops only 
without any system of rotation, or other treatment is tell
ing severely upon the original stock of half decomposed 
animal and vegetable matters, an<l nitrogen. Soils which 
have produced grain crops, exclusively, for ten or fifteen 
years contain from a third to a halfless humus and nitrogen 
than adjoining soils that have never been plowed. 

2. Soils which have been cropped until the organic matters 
and humus have heen materiallv decreased, retain less water 
and dry out more readily tl~an ·when there is a larger 
amount of or,2;anic matter present in the soil. 

3. Soils wliich arerichinlmmuscontainalargeramount of 
phosphates associated with them in available forms than the 
soils that are poor in humus. 

4. Soils which are rich in humus and organic matters 
produce a larger amount of carbon dioxide that acts as a 
solvent upon the soil particles and aids the roots in procur-
ing food. 

5. One half of a sandv knoll, heavilv manured with well 
rotted manure, contained nearly a quarter more water dur
ing a six \veek's drought, than the other half that received 
no nianure. 

6. The supply of organic matter in the soil must be kept 
up because it takes such an important part, incltrectly, in 
keeping up the fertility of the soil. A good system of rota
tion, including sod crops, and well prepared farm manures 
will do this. an<l will a·void the introduction and use of com
mercial fertilizers which are now costing the farmers of the 
United States over thirtv-five million dollars annuallv. It 
will not do to wait until this question forces itself upon us. 

7. A rotation of crops will soon be necessary on account 
of the peculiar composition of some of the soils and the cor
responding subsoils. especially those in which the surface 
soils are richer in phosphates and nitrogen while the sub
soils are richer in potash and lime. Th means of rotation 
the full benefits of the strong pointsofhoth the top soils and 
the subsoil will he secured. 



NOTE IN REGARD TO SOIL A:\ALYSIS A.'\D SE'\Dl'\l~ SA:\fl'LES. 

The original act that created experiment stations designated soil analysis 
mid soil work as one of the important lines of i1westigati011s to he un~ler
taken by the stations. This work has not been pusher] by most of the sta
tions as vigorously as many other lines; this has not been on account of any 
desire not to do a full amount of soil work, hut many haye qucstionc;I 
whether a soil analysis is justifiable because ofiU; not telling more, a11Cl Oll 

account of the \·arious difficulties that arc connected \\"ith soil a1wlysis: Inn 
this is no excuse for i10t attempting to find out more. ,\knowledge of the· 
chemistry and the relater] physics uf om soils will indicate the ways to bet
ter methods of rotations, the production and application of ma1rnrcs. a nil 
in an intelligent application of fertilizers wheu that time comes. Sucl1 
knowledge, it is hoperl. will thrnw light on many n:latccl questions as t•, 
methods of cultiYation. depth and time for plowing, the use of greeJ1 
manm·es, etc., so as to retain the present k1·tility of our soils. 

Before sending samples for ;malysis. you arc requested to first write to 
the Experiment Station for cli1-cctions for taking the samples of soil. It will 
not do to go out iuto a field anrl take :1 small sample at 1·a1Hlo111. A blank 
will he sent with the clirecti011s asking the exact location nf the ploL. section 
township, range, etc., and the preYinus history ofthecultintli011 of the soil. 
crops pn)(lrn:ccl. etc. All this is necessary, not so much for present purposes 
as for future use,-in case anyoue desires to go to tlL·se sn111c place~ again 
after a numhe1· of years farther culti,·atinn, and obtain a sample in order to 
see just what the changes ha Ye been. 

:\11 express charges ou the soil sample must he prepaid; this is to insurl' 
protection against generous sized uupaid packages <>f soil. The analysis 
will he made free of charge. Only a limited numhe1· of analyses can he madl' 
and it is the aim, that these should represent as many soils. sections, anil 
conditions as possible. Some idea of the labor i1n·oh·cd will he gained from 
the fact that the first operation in soil analysis requires tiYe days in order t•1 
get the different materials dissoln?d, while as many rnore cla_n; arc required 
for t.hcir scpa1·atc rletennination. The analyses are made in sets of six o:
ci.~ht. \\'hen the sample is reccin?cl at the laboratory it will he acknow
ledged. Do not expect a report in too short a time. hcc:1w;c there arc al
ways soil samples waitiug to be aualy£c<l, as well as other work waiting t_., 

he rlonc, hut as soon as the analysis is cnmpkled a reporL will he sent t<> 

you. 
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