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SOILS. 

HARRY SNYDER. 

Outline and Nature of the Work.-This bulletin is a continua
tion of the soil work published in Bulletin No. 30, December, 
1893. The bulletin is divided into five parts. 

The first part treats of the essential elements of soil fert.ility. 
The necessity of certain elements for crop growth is illustrated 
by feeding to, and then withholding the various food elements 
from the oat plant. Oats have been grown in various ways by 
preparing the soil so that each of the elements, nitrogen, phos
phorus, potassium and calcium have been in turn withheld, while 
all of the other elements have been present. The results of with
holding these elements of food are given, as well as an illustra
tion of the plant. The approximate period of growth when each 
element is assimilated is given, and the portion of the plant 
where the element is most abundantly found; and also the part 
which this element takes in the nutrition of the plant. 

In the second part, ••Humus as a Factor of Soil Fertility," the 
main points previously published regarding humus, and the de
caying vegetable and animal matter in the soil, have been veri
fied. When continuous grain cultivation is followed, without the 
use of farm manures or rotation of crops, there has been a se
rious loss of humus followed by a proportional loss of valuable 
nitrogen, decreased power of the soil for holding and retain
ing water, and loss of the available phosphates and other min
eral matters which are associated with the humus. 

The power of certain crops for feeding upon humates has 
been carefully studied, and after many failures with culture ex
periments, conducted iu various ways, oat plants have finally 
been grown (prod11cing seeds), in whfoh all of the food has been 
.supplied in the form of humates of lime, potash, iron, etc. The 
power which decaying organic matter posseses of combining 
with the soil to form humates has been studied and demonstra-
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ted. These two points are of much importance as they explain 
the lasting effects, and show the superiority of well prepared 
farm manures over various commercial fertilizers. 

The increase and decrease of the total soil nitrogen, and the 
comparative effects of summer fallowing, spring plowing and 
fall plowing upon the nitrogen supply for crops, form a part 
of this topic. 

In the third part, ''The Chemical and Mechanical Analyses 
of Soils," the results of the chemical analyses of three hundred 
samples of soil are recorded. These soils represent every 
county in the state except two (Cook and Beltrami). The 
chemical analyses, taken as a whole, indicate that there are no 
vitally weak points in any of the soil types of the state. Prac
tical experience corroborates this inasmuch as no commercial 
fertilizers are used, except for garden and experimental pur
poses. There are no fertilizer factories in Minnesota, and the 
slaughter-house refuse is practically all sold to fertilizer firms 
in Chicago and to the eastward. Continuous cropping in one 
direction and getting the soil out of condition, mechanically and 
weedy, rather than a scarcity of plant food, will, without doubt, 
be the first difficulties experienced in many sections of the state. 

The mechanical analyses, and the distribution of the plant 
food in the various sized soil particles, of a few of the typical 
samples, are given. The size of the soil particles, whether 
they are a thousandth or a three thousandth part of an inch in 
diameter, is the important factor which determines the com
pleteness of the water supply of crops. 

In the fourth part is recorded the action upon soils of the 
various organic acids, such as are found in the juices of plants. 
The action of weak organic acids is supposed to represent the 
way, whether with difficulty or rapidity, the soil yields its food 
to growing crops. 

The increase and outgo of the various elements of crop 
growth, with different methods of farming, forms the subject 
matter of the fifth article. Examples have been taken from a 
number of different methods of special and mixed farming. 
Much of this data has been furnished by the aid of the stu· 
dents of the School of Agriculture, and many of the soils which 
have been analyzed were also obtained in the same way. 
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THE ESSENTIAL ELEMENTS OF SOIL FERTILITY. 

There are certain food elements which are 
absolutely necessary, and must be supplied 
through the soil before any plant can com
plete its growth and produce fertile seeds. 
When soils are naturally productive and have 
been cropped for only a few yeari?, the neces
sity of supplying crops with food, in the var
ious forms of manure, is not felt, but when
ever any of the essential elements of crop 
growth are present in the soil in too small 
amounts poor crops are the result. Hence it 
is important that the farmer should know 
the necessity for certain soil ingredients, and 
the power which crops possess of feeding 
upon these elements, as well as the extent to 
which they are present in the soil which he 
cultivates. 

The use of certain soil elements as food for 
crops has been extensively studied by many 
German investigators, and to a much less ex
tent in this country. In order to learn which 
elements are necessary and which are unnec
essary for crop growth, a plant is fed all of 
the elements supplied by a good soil except 
the one element in question. If a plant is un
able to make any decided growth, when one 
of the soil elements is withheld, it is con
cluded that this element is essential to the 
development of the plant. If on the other 
hand, the plant reaches maturity when one of 
the soil elements is withheld, it is plain that 
this element is not an essential one for the 
growth of the plant. 

Withholding Potassiurn frorn Oats.-Oats were 
grown in a soil prepared in such a way as to 
remove all of the potassium compounds, com· 
monly known as potash, while all of the other 
elements were supplied in liberal amounts. 

Figure No.J. 
All of the Elements 

of Plant l:;'ood. 
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In order to do this, pure sand was taken, burned, treated 
with strong acids, and finally washed with distilled water. This 
treatment removed all of the elements of plant food, and left 
only silica. Lime, nitrogen, phosphates, and all of the elements 
of plant food excepting potash were then added to the sterile 
sand. Working in this way a plant can be fed, and the effects 
of the food observed even more accurately than in the case of 
feeding animals. The total growth produced by an oat plant, 
in the absence of potash is shown in figure No. 2. The ffgure 
is one-third of the actual size. 

The plant lived six weeks and then died of potash starvation. 
The plants were very feeble, only two long, slender leaves were 
developed, ai:td the roots were very short and frail. The potash 
stored up in the seed was sufficient to produce only a limited 

growth, and as soon as this was used up the 
plant, after a short struggle, died. Observe 
that the "seed shells" are still present. 
Compared with figure 1, where all of the 
food was supplied, it is to be observed that 
only a very limited growth has been madB in 
the absence of potash. When the potash 
was supplied, along with the other elem en ts, 
as shown in figure No. 1, a complete plant 
was produced. 

Potassium is one of the most essential 
elements for the development of all agri
cultural plants. No plant can develop with
out potassium in some form. Potassium is 
taken from the soil by crops in the early 
stages of growth. In the case of wheat, 
three-quarters of the potash is taken up be· 

Figure No. 2. fore the wheat "heads out." (Minn. Bulle· 
No Potash. tin, 29.) With clover one-half of the pot· 

ash is taken from the soil before early bloom. (Minn. Bulletin, 
34.) The corn crop requires its potash in the early stages of its 
growth; during the first six weeks of growth the corn plant de
mands nearly three-quarters of its total potash. Flax also re
quires its potash at an early period of its development. 
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The supply of potash in the soil has a great influence upon 
the vigor of the crop's growth. Weak and sickly plants are al
ways deficient in potash. One thousand healthy and vigorous 
wheat plants yielded twenty-five grams of potash, while one 
thousand weak and sickly plants gave about five grams of potash. 

Many plants and crops require more potash for thier full de
velopment than the amount which is carried off in the matured 
crop. In experiments carried on at this station with wheat, 
clover, oats, corn, and fl.ax, there has been found, in each case, 
more potash in the crop during the flowering period than at 
maturity. This is due to the downward or retrograde move
ment of the potash in the plant at the approach of seed time, 
and appears to be a characteristic of many crops so as not to 
exha.u&t the fertility of the soil too rapidly. 

The amount of potash in the soils of the state, as well as the 
increase and decrease of the soil potash, due to different 
methods oE farming, will be discussed in other parts of this 
bulletin. 

Withholding Phosphates from Oats.-When phosphorus, in the 
form of phosphates, is withheld while all of the other essential 
elements are supplied, the oat plant makes even less signs of 
growth than in the case of the absence of 
potash. Figure 3 shows an oat plant which has 
received no phosphorus. The roots are longer 
but not as fibrous, as in the case of the 
absence of potash and the plant as a whole 
presents a very sickly appearance. No per
fect plant has even been produced without 
phosphorus in the form of phosphates. 

All crops demand their phosphates at a 
very early stage in their development. In 
wheat, eighty per cent. of the total phos
phates taken from the soil must be supplied 
in the first half of the growing period. In 
clover, the phosphates are practically all as
simulated by the time the plant reaches full 
bloom. 

Th h h t 1 t t t Figure No. 3 e p osp a es accumu a e, o a grea ex- No Phosphoric Acid. 



8 

tent, in the seeds of all grains, and to a less extent in the 
leaves and stems. To prevent the loss of phosphates 
from the farm is one of the most important problems in 
agriculture. The potash is not removed in grains to so 
great an extent as is the prosphorus. Potash accumulates 
more in the straw and less in the grain. 

All crops are very sensitive to the absence of phosphates. An 
imperfect supply of available phosphates results in the produc
tion of light weight grains. The nitrogen and the phosphates 
are to a great extent mutually associated in the work of pro
duction of plant tissue. They are stored up largely in the 
same parts of the plant, particularly in the seed, which is 
richer in both nitrogen and phosphorus than is any other part. 
The nitrogen is the chief element of protein, while the phos
phorus is necessary in order to aid in the transportation of the 
protein compounds through the cell walls of the plant. 

The phosphorus is, next to nitrogen, the most expensive ele
ment of crop food. The phosphates are quite liable to become 
deficient in the soil, as well as out of available condition. In the 
next article on humus, as well as the article on the income and 

outgo of phosphates on the farm, specific direc
tions will be given for keeping up the phosphates, 
as well as keeping them in more available forms. 

Withholding Nitrogen from Oats.--Figure 4 shows 
an oat plant which has received no nitrogel;l., while 
the potash, phosphates, lime, etc., were all liber
ally supplied. Observe the peculiar and restricted 
growth, but little development of roots. The leaves 
were short and of a yellow color. In the absence of 
nitrogen the plant has not made atiy appreciable 
growth. Nitrogen is the most expensive of all 
the elements of plant food, as well as one of the 
most essential of the elements. In the presence, 
of only a limited supply of nitrogen, the oat plant 
begins its growth in a normal way, but as soon as 

Figure No. 4. the available nitrogen is used up, the lower and 
No Nitrogen. smaller leaves begin to die down gradually from 

the tips, and all of the plant's energy appears to be centered in 
one or two leaves. In one case, when only a very limited 



amount of nitrogen was supplied, the plant struggled along 
in this way for about nine weeks, making a total growth of 
only six and one-half inches. Just at the critical point, when 
the plant was dying of nitrogen starvation, a few milligrams of 
calcium nitrate were given to the plant. In thirty-six hours the 
plant renewed signs of growth, and the leaves assumed a much 
deeper green color. The plant then grew about an inch more, 
and produced four seeds. During the time of seed formation 
more nitrogen was added, but with no result to the plant. All 
of the essential elements of plant growth were liberally sup
plied except nitrogen which was very sparingly supplied at 
first, until near the period of seed formation, when it was 
more liberally supplied. 

In case of the oat plant, and in fact of all crops, after they 
have reached a certain period in their development, and have 
been starved for the want of some element, the later applica
tion of this one element does not produce any marked addi
tional growth. The energies of the plant have been used up 
in searching for food. The nitrogen, as well as the potash, 
lime, phosphorus and other elements are all necessary for the 
crop, while the plants are in their first stages of growth. 
Plants require their food while young, and in this respect they 
are like animals. 

In the case of wheat the nitrogen is taken up by the crop at 
a more rapid rate than are any of the mineral elements. 
Before the wheat heads out over eighty-five per cent. of the 
total nitrogen required by the crop has been taken from the 
soil. Corn also takes up its nitrogen early with gr:eat avidity. 
Nitrogen is demanded by all crops. It forms the chief build
ing material for the gluten of wheat and of all grains, as well 
as for the various other protein compounds in food stuffs. 

In the absence of a sufficient amount of nitrogen, the rich 
green color in plants and crops is not developed; the foliage is 
of a yellowish tinge. Nitrogen is one of the constituents of 
chlorophyll, the green coloring matter in plants, hence, with 
a lack of nitrogen only a limited amount of chlorophyll can be 
produced. Plants or crops with large, well developed leaves, 
of a rich green color, are not suffering for the want of nitro
gen. Nitrogeneous fertilizers have a tendency to produce a 
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luxuriant growth of foliage of a deep green color. The 
nitrogen of the soil is capable of being increased and decreased 
to a much greater extent than any other element of plant food. 
The increase and decrease of the nitrogen of the soil will be 
discussed in another part of this bulletin. 

Withholding the Calciurn ( Lirne) frorn Oats.-In the absence of 
lime, and with a liberal supply of all of the other elements of 

li~igure No 5. 

fertility, the oat plant makes a growth of 
about six weeks and then dies of lime star
vation. In the absence of lime, the plant 
has made a somewhat better root and leaf 
development than in the absence of either 
nitrogen, potash, or phosphorous com
pounds. In the abs8nce of lime, plants 
and crops lack hardiness. 

Calcium is one of the essential elem.ents 
of plant growth. The oat plant continued 
its growth only as long as the lime, which 
was stored up in the seed, could be used in 
the production of new tissues. 

Calcium is also required in the early 
stages of crop growth. In the case of 
wheat, sixty-five to seventy per cent of the 
total lime removed in the crop must be 
supplied during the first fifty days of 
growth. Calcium does not accumulate in 
the seeds of plants to such a great extent 

No Lim,e. as do the phosphorus and nitrogen com-
pounds, and hence is not as liable to be lost from the farm. Only 
about a tenth of the total lime removed in an ordinary grain 
crop is in the seeds, the remaining nine· tenths being present 
in the straw. (Minn. Bul. 29.) In the leaves of many leafy 
plants, like the clover, the calcium accumulates to such a 
great extent as to cause them to be known as lime plants. In 
the leaves of plants, calcium appears to have a special function 
to perform-the construction of cell walls and the production 
of n8w tissues. 

The lime in the soil is an important constituent of fertility. 
The amount required by crops is, as a rule, less than of either 
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nitrogen, phosphorus or the potassium compounds. In gen· 
eral, there is more calcium in the soil than of any of the three 
elements named. Hence the lime does not give as serious 
trouble in maintaining fertility as do some of the other ele
ments. The amount of lime in the various soils of the state, 
as well as the direct and the indirect part which it takes in 
soil fertility, will be discussed in other parts of this bulletin. 

In addition to the four elements. nitrogen, phosphorus. 
potassium and calcium, there are other elements which are 
absolutely necessary for crop growth, but they do not require 
the careful consideration as do the four elements mentioned. 
Iron, magnesium and sulphur are also essential elements, but 
there is usually an abundance of these compounds in the soil, 
and hence they give no trouble in maintaining fertility. 

Silicon, chlorin, aluminum and manganese are also found in 
crops as well as traces of other elements, but "these elements 
do not take ariy vital part in the growth of new tissue. They 
are generally considered as accidental elements, and even ~f 
crops do require traces of them (which is doubtful) there is al
ways an abundance in the soil. 

For crop purposes, there are three classes of elements in 
the soil: 

I. The essential elements which are the most liable to be de
ficient: nitrogen, phosphorus, potassium and calcium. 

II. The essential elements which are usually abundant: Iron, 
magnesium and sulphur. 

III. The unnecessary and accidental elements, usually abun
dant, as chlorin, silicon, aluminum and manganese. 



HUMUS AS A FACTOR OF SOIL FERTILITY. 

HARRY SNYDER. 

In Bulletin No. 30, treating of the composition of cultivated 
and uncultivated soils, one of the main points of difference be
tween these two classes of soils is in the amount of humus 
present. Soils which had been cultivated thirty years contin
uously to grain crops, without farm manures or rotation of 
crops, contained from a third to a half less humus than similar 
soils from adjoining fields which had never been under the 
plow. Briefly stated, the loss of humus resulted in decreasing 
fertility in the following ways: 

(1.) With a loss of humus there is a corresponding loss 
from the soil of the element nitrogen. 

( 2.) A loss of humus has resulted in decreasing the amount 
of phosphates present in available forms. From two to three 
times more phosphates are associated with the humus, and in 
available forms in the uncultivated than in the continuously 
grain cultivated soils. 

The loss of humus has also resulted in decreasing the power 
of the soil to retain water and to withstand drought. 

These points are of so much importance that it seemed best 
to verify the results and to conduct other experiments regard
ing the value of humus as crop food. 

The two additional points which have been investigated are: 
I. Will decaying animal and vegetable matter, like farm 

manures, when added to the soil, combine with the soil potash, 
phosphates, etc., and produce humates? 

II. To what extent are plants capable of feeding upon the 
potassium, phosphorus, lime, iron, magnesium and sulphur 
which are combined with the huIL.us in the form of humates? 
Is humus, or its compounds known as humates, of any value to 
plants as food? 



13 

What is Humits?-By the term humus is generally understood 
any animal or vegetable matter in the soil which is in its inter
mediate forms of decomposition. Humus is not a single chem
ical compound of definite composition, but it is the name which 
is indiscriminately applied to a whole group of compounds. 
The composition of humus is very imperfectly understood. 

Value of Humus as Crop Food.-Various opinions have been 
held regarding the actual value, as plant food, of this partly 
decayed animal and vegetable matter. Many investigato.cs 
have regarded humus as composed only of carbon, hydrogen 
and oxygen, and inasmuch as plants obtain these elements from 
water, and from the carbon dioxide of the air, no value is as
signed to humus as ·a plant food. In fact, many of the books 
of to day, in giving the composition of humus, state that it is 
composed of only the three elements above named. 

Other investigators have added nitrogen to the list, but state 
that the nitrogen when combined with the humus, and before 
undergoing fermentation, is of no value as plant food. From 
extended experiments conducted in this laboratory, extracting 
the humus from the soil in various ways, nitrogen invariably 
appears as one of the elements of humus. The absence of 
nitrogen from the humus of earlier investigators has been found, 
as suggested by Mayer, (Lehrbuch der Agrikultur Chemice), to be 
due to the use of strong potash solutions in extracting the hu
mus, and then neutralizing with acids. The potash has re
placed and decomposed the nitrogen compounds, which upon 
neutralizing and filtering were rendered soluble, and were lost 
in the filtrate. 

When the humus is extracted from the soil it is a black or 
brownish-black liquid, which yields a hard, shiny black mass. 
Along with the humu::; materials, potassium, iron, aluminia, 
phosphorus and calcium are extracted, and it has been a ques
tion whether these elements are chemically united with the hu-· 
mus, or just simply soluble in the same liquid. The term hu~ 
mates, as humate of potassium, humate of iron, etc., has been 
applied to these compounds, resulting from the union of the 
potash, iron, etc., of the soil with the humus. 
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POWER OF FARM MANURE TO PRODUCE HUMATES. 

Inasmuch as there is every indication that crops may feed 
upon the humates of the soil, it then becomes important to know 
whether the humates in the soil are formed simply from the 
potash, lime, etc., which are present in the decaying animal 
or vegetable matter, or whether the potash of the soil may 
combine with this decaying matter and form humates. 

In order to obtain information upon this point, a box hold
ing a hundred pounds of loam soil was taken, and twenty 
pounds of cow manure added to it. The total amount of 
humates (reprecipitated) present in the original soil was de
termined by chemical analysis. also the amount of potash, 
lime, phosphates, etc., in the manure that was added. The 
box was protected from dust and other foreign matters, and 
kept moist and was occasionally well mixed. At the end of 
twelve months a sample was taken and again submitted to 
chemical analysis. 

All of the mineral matter present in the manure is cal
culated as forming humates. This however is more than can 
be reasonable expected, but in the calculations this maxi
mum amount is allowed so as not to introduce any unknown 
negative factors in the results. The potash lime, phosphates, 
etc., soluble in the liquids employed, but doubtful whether 
they are all combined with the humates, are also not cal
culated. The tigures given are for what would commonly be 
called the ash of the humic acid, but more properly the ash 
of the reprecipitated humus materials. The two factors 
would make the total gains even greater. 

TABLE I.-Humates Produced by Manure. 

Total humates Total at the end 
In 100 pounds of of 12months.less 

the original the mineral mat Gain. 
soil. ter in manure. 

Pota~h, grams 7.25 9.14 1.89 
Soda, " 7.84 10.11 :!.27 
Iron, " 2.44 4.13 1.69 
Magnesia, ,, .35 .54 .19 
Aluminia, " 2.96 4.64 1.68 
Phosphoric anbydrid, " 11.97 13.99 2.02 
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At the same time another box was taken and filled with the 
same kind of soil, but no manure was added. •rhis box re
ceived the same kind of treatment, in every way, as the box 
with the manure. This box showed a slight loss of humates. 

TABLE II.-Humates, When no Manure was Added. 

Totalhumates Total humates 
in 100 pounds of at the .end of 12 

the original months. no Loss. 
soil. manure added. 

Potash, grams 7.25 6 92 .:J3 
~Oda, 

,, 
7 84 7.50 .34 

Iron, " 2.44 2.46 --
Magnesia, " .35 .27 .08 
Aluminia, " 2.96 2.75 .21 
Phosphoric anhyclrid, " 11.97 11.50 .47 

The cow manure acting upon the loam soil and combining 
with it has caused an rncrease of twenty-five to thirty per cent. 
of potash, lime and phosphates in the form of humates, over 
the original amounts in the soil. The cow manure has not simply 
added new elements of fertility to the soil, but has changed a part of 
the potash, lime and phosphates alreacly in the soil, into more avail
able forms. 

There are a number of facts in field practice which point in 
this same direction: That farm manure is not only valuable 
for the fertility which it contains of itself, but it is also of 
value in making the inert plant food of the soil more available. 

In the extended experiments by Lawes and Gilbert with 
manures upon barley, it was found that on one plot where farm 
manures had been used for twenty years and then discontinued 
for twenty years, that the manure applied twenty years pre
viously made itself appreciably felt. Many other experiments 
could be cited of the same nature, showing that farm manures 
are the most lasting in their effects of any of the various forms 
of manure that can be applied to the soil. •rhe lasting effect 
of farm manure is undoubtedly due to the power which the 
manure possesses of uniting with the soil elements and making. 
humates. 
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It has been frequently observed that when potatoes have 
been cultivated on new prairie land for three or four years in 
succession, that both the yield a:p.d the size of the potatoes have 
decreased. When the land is seeded to a grass crop. and the 
sod plowed under, and potatoes again planted, the yield 
and the size of the potatoes are nearly the same as when the 
land was new. This has been accomplished without the addi
tion of any manure to the land, but the vegetable matter in the 
sod has furnished materials for the formation of humates. 

Another example is furnished in the use of cotton seed meal 
and stable manure for fermenting with raw phosphate rock in 
order to make the phosphates more available. The raw phos
phate rock, before treatment with sulphuric acid, is of but little 
value as a fertilizer. In the "Hand Book of Experiment Sta
tion Work," page 253, a few facts bearing upon this point of 
making the phosphates more available, are given: 

"The difficult availability of the phosphoric acid in fine 
ground phosphates or fl.oats has led to their use in connection 
with green manures, and in composts with stable manure, cotton 
seed, and other organic manures, the fermentation of which in 
the soil renders the phosphoric acid more available. This 
method was first advocated by Dr. Ravenel of South Carolina, 
Prof. Jameison and Baron H. Liebig (N. C.R. 1885, p. 56), and 
has been practiced with good success at some of the southern 
stations, noticeably those of Alabama, where experiments in 
composting with cotton seed meal have been carried on with 
encouraging results for some time. (Ala. College B. 16. )" 

The fact that farm manures are capable of uniting with the 
potash, phosphates and other elements of the soil and render
ing them more available as plant food, is of much importance 
as it explains the lasting effects of farm manures, and suggests 
that with a judicious use of manure it will be cheaper to culti
vate fertility than to purchase it iu concentrated commercial 
forms. 

DECREASE AND INCREASE OF THE HUMUS AND NITROGEN OF 

THE SOIL BY CULTIVATION. 

The work reported in Bulletin No. 30 upon the decrease and 
increase by cultivarion, of thehumas and nitrogen of the soil, bas 
been verified. In all cases where comparisons have been made 
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between continuously grain cropped and native soils, a serious 
loss of both humus and total nitrogen have been observed. In 
most cases, fifteen years of continuous grain cultivation has 
resulted in a loss of .15 to .2 of a par cent nitrogen which is 
equivalent to 3,000 to 5,000 pounds of nitrogen per acre. 
Only a small part of this nitrogen has been removed in crops. 
Fifty pounds per year of nitrogen is a large amount for a 
wheat or any ordinary grain crop to remove. 

While the fifteen crops of wheat or other grain have removed 
at the most 750 pounds of nitrogen, at least 2500 pounds have 
been lost.by the decomposition of the humus which has rendered 
the nitrogen both volatile (smoke products) and soluble so as 
to be lost in the drain waters. The loss of nitrogen from the 
soil bas not been due so much to the amount taken by the grain 
crop from the soil, as to the rapid fermentation of the humus 
due in many cases to imperfect methods of cultivation. For 
every one pound of nitrogen removed in the crop taken from a 
rich prairie soil during the first fifteen or twenty years of cul
tivation, there has been a loss of three or four pounds of nitro
gen from the soil, caused by the decomposition of the humus. 

A native prairie soil containing 4 per cent of humus, after 
twenty years cultivation, will at the most, show about 2.5 per 
cent humus. The loss of 1. 5 per cent humus is equivalent to a 
total loss of 35.000 pounds of humus per acre. This humus has 
been mainly oxidized (burned up) in the soil by continuous open 
and free cultivation. The humus materials will contain on an 
average about 60 per cent carbon. All told, the animal and 
vegetable matter burned up in the soil, annually, has more than 
exceeded the equivalent of 1,200 pounds of coal per acre. 

These statements are not intended to convey the idea that 
our soils are deficient in humus and nitrogen and that we need 
nitrogenous manures. for such is not the case. The fact is, 
most of the soils of the state contain from one to two thousand 
pounds per acre more nitrogen than the soils of older states. 
These statements are intended to emphasize the fact that the 
soi.l nitrogen is being used up more rapidly than there is any 
necessity for, and that it is now time to take measures to sa,Te 
the nitrogen of the soil. 
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Summer Fallowing.-One of the causes of the decrease of the 
humus and nitrogen of the soil has been the frequent practice 
of summer-fallowing. The bare summer-fallow has been very 
beneficial to the succeeding crop by increasing the available 
soil nitrogen, but much more is rendered available than is 
necessary for the following crop, and what the crop can not 
make use of is washed out of the soil, or by the action of bac
teria (denitrification organisms) is reduced to a gas, and lost 
in the air. Hence the available nitrogen is in creased while 
the total nitrogen is greatly reduced. 

In the spring of 1892 a large box was filled with soil from a 
field that was to undergo summer-fallowing. The soil was 
thoroughly mixed and a sample taken for analysis. The box 
was then placed in the son, so no leaching could take place, and 
was protected from the access of any foreign material. At fre
quent intervals the box was stirred, imitating as closely as pos
sible the cultivation of the summer fallow plot. The box was 
kept free from vegetation. In the following spring, after one 
year of fallow, the soil in the box was again sampled and sub
mitted to analysis. The available nitrogen includes the nitrates, 
nitrites, ammonium and amide compounds. 

The results of the analyses, before and after the summer
fallow treatment, are given: 

Soil Before Fallowing. After Fallowing. 

Total soil nitrogen......... .1536 per ct. .1422 per ct. 
Available soil nitrogen..... .0021 " " .0043 " " 
There was a loss of .0114 per cent. total nitrogen, and a gain 

of .0022 per cent. of available nitrogen. For every pound 
of nitrogen rendered available by the fallow treatment, there 
was a loss of over five pounds of nitrogen from . the soil. 
Bare summer-fallow is only temporarily beneficial at the ex
pense of the total humus and nitrogen in the soil. In the end 
summer-fallowing will be found to be injurious to the soil. 

Fall plowing keeps the nitrogen of the soil in better condition 
than late spring plowing. The change of the nitrogen from 
humus to available forms, (known as nitrification), goes on in 
the soil until quite late in the fall. The change is most rapid 
near the surface, where there is plenty of oxygen from the air. 
In early fall plowing, this available nitrogen is near the surface, 
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where it does the growing crop the most good. In the case of 
late spring plowing this available nitrogen is plowed under 
and raw nitrogen is brought to the surface. 

The change of the nitrogen from humates to available forms 
like nitrates, nitrites and ammonium salts is brought about by 
the action of micro-organisms. As soon as the organism 
which bas produced nitrates in the soil has completed its work 
another organism begins to act and decomposes the nitrate, 
liberating the nitrogen as free gas. Hence, by the combined 
action of these two organisms, a new soil, rich in humus and 
nitrogen, when continuously cultivated to plowed crops, is 
soon rapidly reduced in humus and nitrogen. The nitrifica
tion organism feeds upon the humus and breaks it down, pro
ducing nitrates, and then the denitrification organism com
pletes the work by feeding upon the nitrates, producing free 
nitrogen gas, which is given off in the air. In a poor soil 
the decrease of the nitrogen by denitrification is very small. 

The nitrogen of the soil is capable of being decreased by 
various methods of cultivation more rapidly than is any other 
element. It is also the only element of fertility which is capabel 
of being increased without the addition of some domestic or com
mercial fertilizer. Grass crops, when there is a small amount 
of clover, or other leguminous plants present, tend to increase 
both the nitrogen and the humus. Grain crops, continuously 
cultivated, -without rotations or farm manures, tend to rapidly 
decrease the soil nitrogen. 

An organism has recently been described which has the 
power of feeding·. directly upon the free nitrogen of the air 
and converting it into available forms, independent of the 
action of vegetation or root nodules. A very poor soil may 
gain nitrogen from the air by the agency of such an ·organism 
(not the clover organism), but it is obvious, from the experi
ments with bare summer fallow, that a good soil will gain but 
little from such a source, and it is not an agency that can be 
utilized for supplying crop food. Such an organism can only 
work in a very poor soil. 

A certain amount of nitrification in the soil is very essential 
for crop growth. Too much, however, is injurious to the 
growing crop, as it produces a rank growth of straw and leaves. 
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The process of nitrification can not take place in our alkali 
soils, because the strong alkali kills the organism which car
ries on the work. Hence in alkali soils there is but little 
available nitrogen. For the same reason, the process can not 
go on in sour peaty soils, because the acid formed from the 
peaty humus kills the nitric acid organism. When lime is 
added to the peat the acid is neutralized and then· the process 
can go on. 

The most favorable temperatures for nitrification are be
tween 50 and 90 degrees F. The process may take place as 
low as 39° and as high as 115°; above l:W 0 there is no action. 
There is always more available nitrogen in the soil during the 
summer and early fall than in the spring. Many crops like 
wheat and other early grains, which demand their nitrogen in 
the early spring, are placed at a disadvantage, because there 
is less available nitrogen in the soil at that time than later in 
the season. For other reasons, however, later sowing is not 
advisable. 

The use of lime and wood ashes on soil also aid nitrification, 
by furnishing lime and potash to combine with the nitric acid 
which the organism has produced. Hence the use of lime and 
wood ashes on soil not only adds these elements to the soil 
but also aids in rendering the soil nitrogen more availale. 

Perfect drainage is also a factor of nitrification. In water 
lodged soils nitrification can not take place on account of the 
absence of the oxygen of the air. In fact all of the best 
methods of field practice are in perfect harmony with the 
nitrogen supply for crops. 

In a new soil, nitrification goes on too rapidly. This is one 
of the reasons why shallow plowing-, in new breaking, so fre
qently gives better results than deeper plowing. Deep plow
ing and thorough cultivation aid in nitrification. Hence the 
longer the soils are cultivated, the deeper and more thorough 
must be the cultivation. This cultivation however must be 
done in the fall, and at the proper time, otherwise the water 
supply for the next year's crop will be seriously interfered with. 

HUMUS AND THE WATER SUPPLY O"'F CROPS. 

One of the most important functions of humus is the part 
which it takes in the water supply of crops. The black humus 
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materials near the surface of the soil, when in sufficient amount 
and aided by shallow surface cultivations, form a perfect 
mulch, thus preventing evaporation and preserving the water 
for the use of crops. Samples of soil taken from similar fields 
which have different amounts of humus, caused by the method 
and length of cultivation, show marked variations in the amount 
of water present. An example of soils from near Crookston in 
the Red River valley will illustrate this point. Many other 
examples could be given. 

New Soll Old Soll 
Cultivated~ Years Cultivated 22 Years 

Humus.............. 3.75 per cent 2.50 per cent 
Water............... 16.48 " " 12.14 " " 

In this example the difference of 4.34 per cent. of water in 
favor of the soil with the larger amount of humus, is equivalent 
to one and a-half quarts of water per cubic foot of soil. 

In Bulletin No. 30 is given the capacity of native and cul
tivated soils to retain water. A difference of ten to twenty-five 
per cent. and more of water in favor of the native soil is re
ported. 

In soils with the larger amount of humus there is not only a 
larger amount of water, but this water is given o:ffmore slowly 
by evaporation. 

These two samples of soil were placed in shallow trays and 
exposed to the sun (temperature 85° F. humidity 58) for ten 
hours. The soil with the three and three-quarters per cent. 
humus retained 6.12 per cent. water, while the soil V'.ith the 
two and a half per cent. humus retained 3.94 per cent. water, a 
difference of nearly a quart of water in a cubic foot of soil, 

In the case of coarse sandy soil, the loss of the humus from 
the soil is severely felt, particularly during a dry season. 
The humus, in sandy soils, takes the place of the fine clay in 
the stiffer soils. In the absence of a sufficient amount of fine 
particles in the soil, and without a covering of humus on the 
surface, the soils dry out to a great depth, and even when the 
sandy soil rests upon a clay sub-soil the water from below.can 
not be brought to the surface in sufficient amounts to supply a 
growing crop. In a sandy soil the absence of humus is more 
severely felt than in the case of a loam or a clay soil. 
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Humus and the Heat of the Soil.-Although soils rich in humus 
retain a larger amount of water they are not necessarily slower 
to warm up in the spring, and to get in condition for growing 
crops, because the decomposition of the humus produces heat, 
and the humus soils being dark in color absorbs more of the 
rays of solar heat. In the fall of the year this is an important 
factor in warding off early frosts. · Corn crops will escape 
early frosts when on humus soil, while in many cases they will 
suffer when on lighter colored soils. Soils with a smaller 
amount of humus weigh less per cubic foot than correspond
ing soils with larger amounts of humus. These points are all 
well illustrated in the three examples recorded in table III, 

Soil No. 446 is from Childs, Wilkin Co., the central western 
part of the state. This soil has raised ten crops of wheat, and 
is in a. good condition as to fertility. The results, however. 
when compared with the corresponding soil which has pro
duced two crops of wheat, show a. material loss of humus, 
nitrogen, phosphates associated with the humus, and capacity 
to hold water. 

Soil No. 444 is from Hagan, Chippewa Co., the western part 
of the state, farther south than Wilkin County. This soil has 
raised twenty-three crops of wheat, oats and corn. The same 
points are also observed when this soil is compared with the 
corresponding soil which has never produced a crop. 

Soils No. 434 and 436 are from Farmington, Dakota county. 
These soils have been cultivated for thirty-five and forty-two 
years respectively. Soil 434 has raised mainly wheat, oats, 
and corn with an occasional crop of timothy and clover. This 
soil has been cropped for thirty-five years; it has not been under 
a regular system of rotation, nor bas it been cropped continu
ously to any one crop. Soil 436 has been cropped seven years 
longer, forty-two years in all, and shows more nitrogen and 
humus than the former soil. This soil has been cropped in a 
different way; more timothy and clover have been grown and 
less plowed crops, and every five years it has received ten tons 
of stable manure per acre. These three examples have been 
selected mainly as types from a large number of cases which 
have shown these points. 
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TABLE NO. III.-Loss of Humus and Nitrogen from Soils. 

Wilkil. Co. Chippewa Co. Dakota Co. 
.,.,. 
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---- ------
Nunmber of sample ................ 448 446 444 442 436 434 
Weight per cubic foot, lbs ......... 57. 66. 67. 72. 67. 70. 
Total Humus ..................... 5.30 3.38 3.97 2.59 3.46 2.45 
Total Nitrogen ...........•........ .42 . 33 .36 .19 .26 .21 
Capacity to hold water ............. 72. 65. 62. 54. 59. 57. 
Phosphates associated with humus. .05 .03 .07 .03 .03 .03 

These facts and statements are not intended in the least to 
discourage grain growing, but rather to encourage systematic 
grain growing by following a definite course of rotation of 
crops, and using more well prepared farm manures. It is not so 
much the loss of fertility from the soil, by one line of cropping 
as it is getting the soil out of condition. 

Muck.-In many of the swamps of the state there are deposits 
of muck which are quite rich in nitrogen. This nitrogen is in 
a raw state, and before being valuable for crops, the muck 
must be properly cured by undergoing fermentation. 

The muck when dry contains from one to three per cent. of 
nitrogen, which is much more than is present in stable manure. 

A good way, to prepare muck for use is to draw it during 
the summer, and allow it to cure and dry in little piles. A 
little lime or marl may be mixed with the muck. After drying, 
the muck can be used as an absorbant in the cow stable. When 
mixed with the urine, it undergoes fermentation quite readily; 
and it is also valuable in preventing a waste of the liquid 
manure, and avoids the excessive use of straw which in many 
cases is so slow in decomposing. The best results will come 
from using the dry muck as an absorbent. In this way it is 
made to do double duty: (1) as an ab~;orbent, (2) as a fertili
zer. 

There is but little danger of the muck forming sour acid 
compounds, on account of the abundance of lime in most of tp.e 
soils of the state. Below the muck deposits, a deposit of marl 
is sometimes found. Marl is a mixture of limestone and fine clay. 
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This fine grey marl may be mixed with the muck. The use of 
muck and marl will be found to give the best results on sandy 
soils, rather than on clays or loams. Brown muck is usually 
quicker in its action than black muck, and does not require such 
thorough curing as the black muck. The analysis of a few dry 
mucks from different parts of the state show: 

Nitrogen. 
Mankato . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.21 per cent. 
Barnsville. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 
Fergus Falls ............................... . 
Weaver .................................... . 

2.01 
1.81 
1.08 

" 
" 

POWER OF THE OAT PLANT TO rEED ON HUM,A.TES. 

" 
" 

The humate compounds present in the soil were separated 
and prepared in as pure a state as possible. This material, 
when obtained from a native prairie soil. appeared like gun· 
powder. Pure sand was prepared, so as to be perfectly sterile 
and free from all plant food, in the same way as described in 
the first article of this bu1letin. To this sterile sand, soil hu· 
mates, prepared in various ways by fermenting and combina
tion with other focd elements, were added, and then seeded 
with oats. 

Experiment No. 1.-Sterile sand was taken and the soil hu
mates added, in the same quantity in which they are present in 
the soil, with a very small quantity of gypsum. The soil was 
perfectly free from the organisms usually found in the soil. 
Oats planted in this medium, and watered with distilled water 
made but little growth, scarcely more than in the check pot 
which was perfectly sterile. The appearance of the plant 
seemed to indicate nitrogen starvation. In all of the experi
ments a small amount of gypsum· was added to correct any 
acidity formed from humic acid. 

Experiment No. fJ. - In another pot, the soil humates were first 
fermented before seeding the oats. One hundred grams of 
soil from a cultivated field w·as leached with one hundred cubic 
centimeters of distilled watgr. Ten cubic centimeters of the 
soil leachings were added to the soil humates, together with 
100 grams of the sterile sand. This fine humus material, in
noculated with the soil leachings, was then allowed to undergo 
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fermentation at a temperature of about 90° F, and set in a dark 
place for about five weeks. The material then gave marked 
reactions for both nitric and nitrous acid, showing that fer
menting organisms had been added in the soil leachings, and 
had carried on their work in the new soil. At the close of the 
fifth week this fermented material was added to a soil pot, to
gether with more sterile sand, and then seeded with oats. 

Ten seeds were planted; nine germinated, and made a very 
limited growth at first, but at the end of the fourth week the 
plants appeared to be making more of a growth. The plants 
were watered with distilled water; at the end of the tenth week 
a few seeds began to form. At the time the plants had com
pleted their growth eight seeds, originally sown, had produced 
forty-eight seeds. One of the plants produced three sickly 
seeds, which were immediately attacked by the oat smut. In 
the figure, experiment No. 2, a cut is given of some of these 
oat plants which obtained all of their food, (nitrogen, phospho
rus, potash, lime, magnesia, iron, etc.,) from the fermented 
humates obtained from an uncultivated prairie soil. Plainly, 
the oat plant is capable of feeding upon the humates of the soil. 
for when there was nothing fed to the oat plant except soil 
humates, each seed sown produced a plant bearing three to nine 
fert~le and mature seeds. 

Six of these plants were submitted to chemical analysis, and 
three were saved as specimens for the illustration. The amount 
of each of the plant food elements in the six seeds sown, and 
in the six mature plants, with roots, is given in table No. IV. 

TABLE NO. IV.-Oat Plants Grown by Means of Fremented Humates. 

GRAllIS OF NITROGEN AND ASH ELEl\IENTS. 

In Six Oat In Six Mature 
Seeds. Plants. 
Grams. Grams. 

Nitrogen..... . . .. . . . .. . .. .. .. .. .. .. .. .00403 .0556 
Potash............................... .00130 .0640 
Soda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .00012 .0079 
Lime................................. .00023 .0249 
Magnesia............................. .00045 .0!10 
Iron ........ , . . . . . . . . . . . . . . . . . . . . . . . . . .0064 
Phosphoric Anhydrid................ .00161 .0960 
Sulphuric Anhydrid.................. .00011 .0090 
Silicon................................ .0026 .7300 

It is to be noted, that in the unfermented humus, the oat 
plants refused to grow. This, however, is no.t the normal con-
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ditions of field growth. In the second experiment, the normal 
conditions of field growth were approximately secured. The 
amount of plant food in the 10 c. c. of soil leachings was 
very small, and was not a factor of plant gro.wth. 

This experiment has been repeated, and with practically the 
same results as to growth. On account of the methods em
ployed, not all of the soda and Hme in the mature plants was 
obtained from the humates. 

Experiment No. 3.-The unfermented humate compounds to
gether with a small amount of potassium sulphate were added 
to the sterile sand. Oats planted in this medium made a sickly 
growth of about five weeks and then died, Evidently when 
unfermented humate compounds are employed the death of the 
plant is not due to the want of potash. 

Experiment No. 4.-The soil was prepared in the same way as 
in No. 3, except that soluble calcium phosphate was substituted 
for the potassium sulphate. About the same amount of growth 
resulted as iri. No. 3, and at the end of the fourth week the 
plants also died. The absence of normal growth was not due 
to the want of phosphates. 

Experiment No. 6.-In this experiment, calcium nitrate was 
added to the unfermented humates and the sterile soil. Oats 
seeded in this medium made a good growth during the first 
three weeks, and a restricted growth after that time for 
four weeks longer; The plants died before producing any 
seeds. The plants did not make a normal growth, the lower 
portions of the stems, instead of being green, were of a reddish 
brown color. In this experiment, the presence of the calcium 
nitrate materially aided in the growth of the plant, but in the 
absence of the usual soil organisms, the calcium nitrate was not 
sufficient to produce a mature plant, when the humates of potas
sium phosphorus, lime, etc., were the only form of food supply. 
The incomplete growth of the oat plant when fed entirely upon 
unfermeilted and sterile humus is, apparently, not entirely due 
to the want of nitrogen. In the check pots, experiments No. 
5 and No, 7, oats when seeded in the sterilized sand, made the 
growth as shown in the figure marked sterile soil. 

These experiments taken as a whole plainly indicate that 
the potash, phosphorus and lime as well as the other essential 
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elements of plant growth, as they exist in the soil, combined 
with the humus in the form of humates, and associated with 
the necessary soil organisms, are valuable forms of food for the 
oat plant. To what extent the humates are capable of being 
used by other crops as food yet remains to be determined. It 
would seem reasonable to suppose that other grain crops are 
also able to make use of the humates for food purposes. 

Preparation of Soil Hurnates Used in the Culture Experiments.
Five kilograms of native prairie soil were placed in a large 
glass bottle, and treated with a one per cent. solution of hydro
chloric acid until no reaction for lime was obtained. The acid 
was then removed by washing with distilled water. A two per 
cent. solution of sodium hydrate was then added to the soil to 
extract the humus. The humus materials were decanted into 
a large ribbed filter, and the extraction continued until the 
solution was nearly colorless. Dilulute hydrochloric acid was 
then added to the filtered humus extract until the solution was 
slightly acid. Heat was applied, and the humus materials were 
precipitated, leaving a brownish yellow liquid, from which it 
was separated by filtering. This precipitated humus material 
is soluble in hot water, and does not separate out upon cooling. 
The material is washed. with a little cold water, in which it is 
slightly soluble. By dissolving in hot water, and reprecipita
ting, the humus materials can be obtained quite free from 
chlorin. 

In preparing the humates for culture experiments two points 
have to be guarded against. ( 1.) Not to use any acid or al
kali which will produce salts that will unite with the humus 
and form plant food. Hydrochloric acid and sodium hydrate 
are to be preferred on this account. (2.) Only dilute solu
tions of acids or alkalies cau be used for extraction, otherwise 
the humus material, when obtain6d will be so charged with 
alkaline salts as to be destructive to plant growth. 

Humates prepared in this way will show the presence of all 
the essential elements of plant food, in easily soluble forms. 

Nitrogen as a Constituent of Humus.-When the humus ma
terials are extracted from the soil by means of dilute alkaline 
solutions, the total nitrogen extracted, when calculated on the 
basis of the soil taken, is constant. The amount of humus 



material extracted is variable, but the amount of nitrogen 
being so constant throughout, plainly indicates that it is in a 
stable farm of chemical combination, and not merely an acci
dental element. 

Sta tlon Soll. . . . .. .. .. I 
Prairie Soll 442 ........ 
Prairie Soil 444 ........ 
Prairie Soll 446 ....... 
Prairie t:ioil 448 ........ \ 

TABLE V.-Total Nitrogen. 

In Soil. 
Per cent. 

.212 

.19 

.36 

.33 

.42 

Extracted by 2.5 µer 
cent. Solution of 

Sodit1m I Potassium 
hydrate. I hydrate. 

.16 .16 

.14 .14 
.20 .20 
.19 .10 
.23 .23 

Precipitated huu1a.Led 
from 

Sodium \ Potassium 
hydrate hydrate. 

.16 . JG 

.14 .H 
.20 .~o 
.19 19 
.23 .23 

When the alkaline solutions are too strong the humus mate
rials are de.composed and in many cases the nitrogen is set free 
in the form of ammonia, in which case there is no constancy 
in the nitrogen content. The humus materials, as ordinarily 
extracted, contains from six to ten per cent. of nitrogen. In 
the annual report of this station for 1893, a table is given 
showing the ratio which exists between the total nitrogen of 
the soil and the humus. On an average, there is about twelve 
parts of humus to every one part of nitrogen. In long culti· 
vated soils, which have received no fertilizers, the nitrogen and 
the humus have decreased in about the same ratio. 

The Mineral JJfatter Combined with Humus.-The humus mater
ials, usually known as humic acid, when extracted with 2. 5 per 
cent. solution of ammonium hydrate, or any other dilute alkali, 
and then precipitated with hydrochloric acid, yield from five to 
twenty-five per cent, according to the nature of the soil, of 
a brownish red ash. This ash is evidently in chemical combina
tion, because if merely soluble in the alkaline solutions used 
for extraction, the mineral matter would not be reprecipitated 
with hydrocloric acid, but would be removed in the filtrate and 
washing solutions employed. The ash from the precipitated 
humus materials is composed of silica, iron, aluminia, a::> well 
as of the more important elements of potassium, magnesium, 
sulphur and phosphorus. The average composition of eight 
samples of ash, from good productive soil yielding 2. 5 per 
cent. of precipitated humus material:::;, gave the following com
position: 
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Ash of Precipitated Humates. 

Silica ...... , ........................... 61. 97 per cent. 
Potash ............................... 7.50 " " 
Soda ................................ 8.13 '' '' 
Lime . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .09 " " 
Magnesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 '' '' 
Ferric Oxid. . . . . . . . . . . . . . . . . . . . . . . . . . 3 .12 " " 
Aluminia ............................. 3 48 '' '' 
Phosphoric Anhydrid ................. 12.37 " " 
Sulphuric " .. . . . .. . . . . . . . .. . .98 " " 
Carbonic " . . . . .. . . . . . . . . . . .. 1.64 " " 

This ash is rich in both phosphoric acid and potash, and has 
such an entirely different composition from the soil as to 
plainly indicate a chemical combination with the humus. 

In these soils, which are well supplied with humus, there is 
1, 500 pounds of phosphoric acid, out of a total of 8, 750 in the 
soil, combined with the humus, and 1,000 pounds of potash, 
out of a total of 12,250 in the soil, combined in the same way. 
In soils poor in humus there is nearly as much total phosphoric 
acid and potash, but a less amount in available forms. 

The Ultimate Composition of Humus. A number of combustion 
analyses have been made of the precipitated humus materials 
obtained in various ways. The carbon ranges from 40 to 65 
per cent. The hydrogen from 3.5 to 5 per cent., while the 
nitrogen ranges from 6 to 10 per cent. The ultimate composi
tion of a few types are given. No. 1 is the average of the 
eight soil humates, the ash of which is reported in the pre
vious paragraph. Number 2 is from a long cultivatAd soil. 
Number 3 is from a new soil, while number 4 is from one of 
the plots at the Experiment Station farm. 

TABLE NO. VI. 

No. 1. No. 2. No. 3. No. 4. 
Carbon. per cent............ 45.12 48.16 44.12 50.10 
Hydrogen. per cent.......... 3 67 5.40 6.00 4.80 
Oxygen, per cent............ 28 60 33.16 35.16 33.66 
Nitrogen, per cent........... 10.37 9.12 8.12 6.54 
Ash, per cent................ 12.24 4. 16 6.60 4.90 

The two most important points, agriculturally considered 
regarding the composition of humus, are: 

ll) Nitrogen, in chemical combination, is a constant consti
tuent of humus. 
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(2) Potash, lime, and all of the essential elements of plant 
food combine with humus and form humates and double hu
mates. 

SUMMARY. 
I. The continuous cultivation of grain crops without farm 

manures or a proper rotation of crops has resulted in a loss 
from the soil of thirty to fifty per cent. of the total decaying 
animal and vegetable matter, known as humates. 

II. With the loss of the humus from the soil there has been 
a corresponding loss of nitrogen. For every one pound of 
nitrogen removed in the crop, there has been a loss of three or 
four pounds of nitrogen from the soil, by the fermentation of 
of the humus, caused by the continuous cultivation of plowed 
crops. 

III. A loss of humus has resulted in decreasing the amount 
of available phosphates and potash associated with the humus. 

IV. The power of the soil to retain water and withstand 
drought has been decreased by the loss of humus. 

V. Decaying animal and vegetable matter, like farm man
ures, when added to the soil, combine with the soil potash, 
etc., and produce potassium humate and other compounds. 
Hence, farm manures are not only valuable for the fertility 
which they contain, but also valuable in making the inert plant 
food of the soil more available. 

VI. The humates of potassium, magnesium, iron, and the 
double humates with phosphorus and sulphur can be utilized 
by plants as food. Oats have been vrown, producing fertile 
seeds when all of the food was supplied in the form of hu
mates, along with the organisms present in the soil which carry 
on the work of fermenting the humus. 

VII. The humus and nitrogen of the soi.I should not be 
allowed to seriously decrease. Summer fallowing is particu
larly destructive upon the humus and nitrogen, it temporarily 
puts the soil in better condition, but in the end gets it out of 
condition. The use of well prepared farm manures, and the 
rotation of crops, in which grass crops and particularly clover, 
and if necessary green manures, form an important part of the 
rotation, will prevent the rapid decline of the humus and nitro-
gen of the soil. · 



THE CHEMICAL AND MECHANICAL ANALYSES 
OF SOILS. 

HARRY SNYDl!lR 

It is not intended to discuss the difference of opinion which 
exists in regard to the value of soil analyses. This article is 
simply a record of the work carried on in this laboratory. 

As is well known, not all of the elements as potash, lime, 
and phosphoric acid in the soil can be counted upon for crop 
purposes; hence the difficulty of separating the various soil in
gredients into different classes according to their crop produc
ing value. A large portion of the food of crops is in the form 
of complex silicate compounds, formed by the union of potash, 
soda, etc., with the silica (sand). 

For agricultural purposes the plant food and silicates of the 
soil may be divided into three classes: 

I. Silicates and other compounds of potash, soda, lime, mag
nesia, phosphorus, etc., which are soluble in the soil-water and 
in dilute organic acids. This class represents tbe most solu
ble and probably the most valuable form of the plant food in 
the soil. There is only a very small amount of the plant food 
in this form. In one hundred pounds of soil, rarely more than 
a few hundredths of a pound of any one of the important ele
ments is soluble in the soil water or in dilute organic acids. 

II. In the second class, the plant food is in a somewhat more 
insoluble form, and is represented by all of those compounds 
and silicates which are soluble in hydrochloric acid of 23 per 
cent. strength, 1.115 sp. gr. This class of compounds, as will 
be seen in the next article in this bulletin, represents the limit 
of the action of stronger solutions of organic acids, such as are 
found in the roots of all plants. 
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III. The third class of silicates in the soil includes all of 
those compounds which require the combined action of the 
highest heat and the strongest chemicals and fluxes in order to 
decompose them. 

The first and second classes of silicates and other compounds 
are the only ones which possess any value for crop food. The 
third class, after the combined action of the various disinteg
rating agencies of nature, may be changed into the second class 
of plant food elements. The second class of silicates are 
called the zeolitic silicates. In this second class are also in
cluded all of the mineral elements combined with the humus. 
As a rule, not over fifteen or twenty per cent. of the total soil 
is in forms soluble in hydrochloric acid of 1.115 sp. gr.; and of 
the more important elements, from three to six per cent. form a 
part of this fifteen. In the average of two hundred samples of 
soil from various parts of the state, the potash, soda, lime, 
magnesia, and phosphoric and sulphuric acids, amount to three 
and one-half per cent. This means that in every one hundred 
pounds of soil there are only three and one-half pounds of min
eral matter which can take any active part in the support of a 
crop, and ninety-six and a half pounds of matter is simply 
present as so much inert material. This may seem like a very 
small amount of the essential elements of plant food, but it is 
much more than is present in many of the most fertile soils of 
older States. 

Accuracy of the Methods Employed.-One of the most serious 
drawbacks in the chemical analyses of soils has been the lack 
of complete assurance in the accuracy of the methods em
ployed. Is the action of the hydrochloric acid on the soil con~ 
stant, and can the results be duplicated within reasonable lim
its of accuracy? This point has been carefully investigated so 
as to determine how much reliance can be placed upon the fig
ures as given in the tables. Two hundred samples of represen
tative soils, from all parts of the state, have been used for the 
main test. A composite sample, made up by thoroughly mix
ing equal parts by weight of each one of these soils, has been 
analyzed. The average of the separate analyses of each of the 
soils was then made. This is the most severe test to which the 
method can be subjected. 
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TABLE NO. VII. 

Composition of the 
Composite Sample 

Made up of 200 Soils. 

Average of the analy
ses of the 200 samples 

of soil . 

Potash, 
Soda, 
Lime, 
Magnesia, 
Iron oxide, 

per cent, .29 . 28 
.25 

2.16 
.55 

2.68 
5.20 
.24 

Aluminia, 
Phosphoric anhytl rid, 
Sulphuric, 
Carbonic, '" 

Total volatile, 
Total insoluble, 

.. 2.16 

2.68 
5.45 
.27 
.03 

1.15 
7.01 

79.95 

.03 
1.12 
7.00 

79.51 

In many cases, the results are iden
tical, in other cases, the differences 
are so slight as to be insignificant. It 
is to be noted that the widest differen
ces, sUica and total insoluble matter, 
fall on those elements which are not 
absolutely necessary for crop food. 
The conclusion is plainly, that as far 
as the accuracy of the methods of 
analysis, which have been employed, 
is concerned, the results will bear very 
close interpretation. 

The insoluble matter obtained from 
the analyses of over three hundred 
samples of soil was saved, thorough
ly mixed and then seeded to oats. In
asmuch as all the nitrogen had been 
removed from the insoluble matter, 
a small amount of sodium nitrate was 
added so that the growth would not 
be checked for the want of nitrogen. 
The insoluble residue contained pot
ash,soda and a limited amount of lime, 

Figure No. 9. magnesia and phosphoric acid, all of 
Oat plant grown In complex 

silicates. which, however, were in the third class 
of insoluble plant food forms. The total growth produced by 
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the plant is shown in Figure No. 9, which plainly indicates 
that the mineral matter insoluble in hydrochlaric acid and 
designated as the third class of plant food forms, is incapable of 
contributing toward growth. 

On the other hand, it cannot be said with the same degree 
of accuracy that all of the plant food soluble in the hydro
chloric acid is equally valuable as plant food. In the case 
of the oat plant, the hydrochloric acid represents the limit 
of the plants' feeding power. 

In the following table is given the amount of plant food in 
the :first and second, and in the third classes of plant food 
compounds, of a few soils. 

The third class of food compounds was obtained by :first de
termining the total plant food by fusion analysis; and then 
subtracting from the total, the first and second classes, as 
formed by analysis with the use of hydrochloric acid. The 
separation of the plant food into the first and second classes, 
separately, can be only approximately accomplished. 

TABLE NO. VIII.-Forms of Plant Food in the Soil. 

Locality ................ Warren. Fair Haven. Holden. Ex. Station. 
w en w rn g'zj 8 g'zj 8 g ".:I 8 g"'l 8 o- c:r o- c:r o- ::: 0 ~· c:r 
=~ ::; c if. ;:;· = ;;i = ;;i ::; 
~.,.. 

~ 
~.,... 

~ 
~.,... a. ~.,... 

~ ot-= 0 Qt-' 0 OP 0 a::: 0 -= -= ;-= -= p~ ;' p~ ~ ;' [;;~ ;;;' 
" "' "' .,, en~ 

"' "' "' "' '!' "' '!' ,,, "' "' ---------- ----
Silica, etc ................... 63.07 "'2j8' 81 .77 ········ 78.72 . "1:47' 84.08 

""i:45 Potash ..... .54 .21 3A6 .35 .30 
Soda ........ :::::::::::::::: .45 3.55 .2~ 2.95 .13 5.3~ .2.''i .25 
Lime 2.44 .36 .48 .16 .23 .36 .51 .35 
~Iagnesi~ ·:::::.:::: ::: .:::: 1.85 .25 .34 .47 .17 .M .26 .46 
Ferric oxide ................ 4.18 . 78 3.76 .72 4.15 .17 2.56 1.07 
Alumlnla ...... 7.89 5.54 6.26 5.44 7.34 6.78 2.99 

I 
ll. 72 

Phosphoric anhJid.'rid.::::: .38 .... :24' .12 .08 .11 .O!l .23 .05 
Sulphuric anhy rid ...... .11 .O!l .25 .03 .23 .08 .02 

GENERAL SUMMARY AS TO THE AMOUNT AND FORM OF THE 

PLANT FOOD IN THE SOIL. 

Potash.-ln many of the soils, the potash is present in very 
insoluble forms; even in the Red River valley soils, which are 
rich in potash, only twenty per cent. of the total is present in 
the :first and second class of plant food forms. In the white 
and red clay soils and subsoils of eastern Minuesota there is 
about the same amount of total potash as in the Red River 
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valley region, but there is a smaller amount of this potash in 
the first and second class, and a larger amount in the third 
form. In the southern part of the state there is not so much 
total potash, but there is more of it in the first and second 
class, and less in the third class than is the case in the eastern 
portion of the state. In the western and central prairie soil 
there is an average of 2. 50 per cent. of total potash, fifteen per 
cent of which is soluble in hydrochlaric acid and eighty-five 
per cent. is insoluble. In the Red River valley and the western 
and central prairie regions, the potash is in places somewhat 
unevenly distributed, particularly so in the alkali spots where 
the potash rises to 1 per cent. The frequent prairie fires have 
unboubtedly been one of the factors in the unequal distribution 
of the soil potash. 

The average of two hundred samples representing all classes 
of soil from the entire state (excluding alkali soil) shows an 
average of .29 per cent. potash, equivalent to over 10, 000 pounds 
of potash per acre to the depth of one foot. 

As a general rule, there is more potash in the yellow clay 
sub-soils than in the black surface soils. Inasmuch as clay 
soils are formed from the weathering and disintegration of 
feldspar, a rock containing potash, the richness of the clay 
soils in potash is easily accounted for. Chemically pure clay 
contains no potash, and cannot contribute towards plant growth; 
it is insoluble and moreover does not contain any of the essen
tial elements of soil fertility. In soils, however, clay is usually 
mixed with all of the other elements in such a way as ts make 
them highly productive. In the rotation of crops, the larger 
:amount of sub-soil potash can be drawn upon to relieve the 
smaller amount of surface soil potash. In the use of p::>tash 
fertilizers in this state, in an experimental way, but little bene
fit has been derived from sulphate of potash, muriate of pot
ash, or when the potash is embined with nitragen or phos
phoric acid (Minn. Bulletin No. 20. 5 Biennial Report). 

Phosphoric Acicl (Phosphoric Anhydrid).-One of the strong 
points in all of the soil types, is the large amount of phosphoric 
acid present. The general average for the state is about .25 
of a per cent. equivalent to eight thousand seven hundred and 
fifty 'pounds of phosphoric acid per acre to the depth of one foot; 
the highest amount reached being.83 of a per cent. and the lowest 
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amount .06 of a per cent. The range of the phosphoric acid 
is generally limited to .2 to . 3 of a per cent. In the Red River 
valley and in the central and western prairie regions, prac
tically all of this phosphoric acid belongs to the first and 
second forms of plant food compounds. As a rule, the surface 
soils are richer in phosphoric acid than the corresponding sub 
soils. In the eastern and southern portions of the state from 
25 to 50 per cent. of the total phosphoric acid belongs to the 
third class of plant food forms. 

In the use of phosphat8 fertilizers in this state, but little 
benefit has been derived. There is an abundance of phos
phoric acid in the soil, and as long as the humus is kept up, 
the working supply of phosphoric acid will be sufficient for all 
ordinary demands. It will be found far cheaper in the end to 
keep up the available crop supply of phosphoric acid indi
rectly through the agency of the humus, than to purchase this 
material in commercial forms. Of course, when there is only 
a small amount of phoEphoric acid in the soil to begin with, 
this method can not be pursued. It is always cheaper to cul
tivate plant food than it is to buy it. The outgo and income of 
the phosphoric acid from the farm should, however, be care
fully watched, because there is no way of indirectly replacing 
this element, as in the case of nitrogen. 

Nitrogen.-The nitrogen of the soil and its increase and de
crease, are discussed in the previous article on humus, to 
which the reader is referred. 

Lime.-The average amount of lime in all of the soil types 
is very large, 2.17 per cent. The highest amount reached be
ing 37 per cent. and the lowest amount .16 of a per cent. On 
the avarage there is a little over 75,000 pounds of lime per acre 
to the depth of one foot. 

In the Red River valley region some of the subsoils are 
very rich in lime, the grey subsoil containing twenty-five per 
cent. of limestone mixed with the fine clay. This large amount 
of lime in both the surface and subsoils has been of great bene
fit in reclaiming some of the lowlands, by preventing the form
ation of sour muck such as is found in moor lands. In the 
central and western part of the state, there is not as much lime 
in the subsoils as in the case of the Red Ri.ver valley soils. 
There is, however, a great abundance of lime in these soils. In 
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many of the soils, known as old lake bottoms, the per cent. of 
lime is very high, like the Red River valley soil which has 
been formed in a similar way. 

In some parts of the state the use of land plaster and other 
lime fertilizers, has proved beneficial, while in other cases it 
has not given satisfactory results. The benefit from the use of 

~\ · .. --,.'·. . >' -~: :::~---' 

' ;_lll us a;d olA er· 
vtJld!de J;,a!te~ 

Fig. No. 10. Average Compo~ition of Two Hundred Minnesota 8oils. 

The figure represents the face of a box, four inches square and deep. When filled 
with soil, the amount of each constituent, if separated and put by itselt, is approxi
mately as represented. 
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land plaster comes more from its indirect action upon the soil, 
than from the lime itself. The lime in the soil is nearly all 
present in the second form of plant food compounds. In some 
-0f the more refractory clays 25 to 30 per cent. of the total lime 
is combined with the silica in the third form of silicates. The 
presence of a good supply of lime in a soil is an indication 
that the soil will wear well. The subsoils a re richer in lime 
than the corresponding surface soils, this is true of all of the 
soil types of the state. 

In addition to the elements of potassium, phosphorus, cal
dum and nitrogen, all of the soils of the state are well sup
plied with iron, sulphur, sodium, chlorin, aluminum and mag
nesium. 

One hundred parts by weight of soil when separated into 
the various constituents of which it is composed, would pre
sent the appearance as shown in the foregoing illustration. 

In the analyses of soils which are g.iven in the following 
pages, localities have been selected which ":ere not reported 
on in Bulletin No. 30. Many of the important places not 
represented in this bulletin will be found in the one referred 
to. 

The figures given in the tables represent the number of 
pounds of each constituent in one hundred pounds of soil 
belonging to the first and second class of food compounds. 

The total insoluble matter represents all of the material of 
the third class of compounds. This material is insoluble in the 
hydrochloric acid used in the analysis. The total insoluble 
matter is composed mainly of sand and complex silicates. 

The total volatile matter includes all of that material which 
is removed by burning the sample. The total volatile matter 
includes the humus, the vegetable and animal matter which 
has not yet formed humus, as well as the wa~er which is com
bined with the clay. All of the results are calculated on the 
basis of the soil free of water. The humus which is separately 
given is a part of the total volatile matter. The nitrogen is 
also mainly a part of the humus. 

Fixed standards, as the amount of each constituent which 
should be present in a soil, can not begiven for every case. 
The averages, as given for the two hundred samples, represent 
the amount of each constituent present in two hundred samples 
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of good soils which have been farmed without commercial fer
tilizers, and from experience have not shown any characteristic 
weaknesses. This is, perhaps, as safe a guide as can yet be given 
for the conditions existing in the state. 

In the case of the phosphoric acid and the total nitrogen 
this is rather a high standard. Many good crop producing 
soils have been found with .10 per cent. nitrogen and .08 per 
cent. phosphoric acid. 

SOILS FROM THE RED RIVER VALLEY. 

Soils 464 and 465 are from Angus, the northern central part 
of Polk county. This soil has produced crops of wheat, oats, 
timothy and barley, and has been cultivated about twelve 
years. This soil is very rich in potash and nitrogen. The 
phosphoric acid and lime are also high. The timothy in the 
rotation with the grain crops has had the good effect of pre
serving the nitrogen and humus of the soil as the results show. 

S~ils 320 and 321 ar~ from Ada, Norman county. This soil 
has produced :five crops of wheat and one crop of Hungarian 
grass. This soil has the same general characteristics as the 
soil from Angus. It is, however, somewhat richer in lime and 
magnesia, but not as rich in potash. 

Soils 317, 318 and 319 are from Crookston, Polk county. 
These soils are taken at different depths; 317 representing the 
:first seven inches, 318 the second depth, and 319 the greyish 
subsoil at the depth of three feet. This soil has never raised 
a cultivated crop. The small amou:\].t of nitrogen in the third 
depth is particularly noticeable. The grey subsoil is com
posed of about forty per cent. lime and magnesium carbonates. 
The soil is free from excess of alkali, and will undoubted 
prove, as the analysis indicates, a very fertile soil. 

Soils 446, 447, 448 and 449 are from Childs, Wilkin county. 
Soil 448 has but recently been brought under cultivation and 
has produced two crops of wheat. Soil 446 has been under 
grain cultivation for ten years. The difference in weight per 
cubic foot, humus, total nitrogen, and phosphates associated 
with the humus, are quite noticeable. 

Soil 199 is from an alkali spot near Warren, Marshall county. 
The analysis shows a very high per cent. of soda. The alkali 
in this soil is sodium carbonate, commonly known as sal soda 
and used for washing purposes. 



TABLE No. IX.-Soils from the Red River Valley. 

Locality ..................... . 
POLK CO. 
Angus. 

Number of soil... . . .. .. .. .. 46! 
Surface or sub-soil .......... Surface. 
Weight per cubic foot....... 72 
Fine earth................... 100. 
Skeleton ............................. . 
Humus....................... 4.52 
Total nitrogen..... .. . .. ... . .38 
Phosphoric acid with humus .06 
Total insoluble matter..... 69.12 
Potash........................ .84 
Soda.. ............... .... .... .31 
Lime.......................... 1.10 
Magnesia......... .. .. .. .. .. . .59 
Ferric oxld (Iron)......... . . 4.40 
Aluminia .. .. . . . ... . . . . .. .. .. 10 43 
Phosphoric anhydrid........ .29 
Sulphuric anhydrld... .. .. . . .09 
Carbonic anhydrld...... .... 32 
Total volatile matter....... 12:62 

41W 
Sub. 

72 
100. 

""':iii'' 

60.44 
.71 
.19 

6.94 
1.02 
4.54 

11.91 
.24 
.03 

6.59 
7.23 

NORMAN Cu. 
Ada. 

320 
Surrace. 

68 
100. 

'"'3:75" 
. 40 
.04 

6:1.6! 
.43 
.18 

5.05 
2.57 
3.58 
7.46 

.30 

.10 
3.64 

12.69 

321 
Sub 

70 
100. 

.15 

56 28 
.50 
.19 

0.91 
1.38 
5.10 
8.72 

.24 

.11 
4.31 

10.07 

POJ,K Co. 
Crookston. 

317 I 318 
~-~~f~.~e: . -~~1-~~t. 

100. I 100. 

'""i:44" 
m 

.M 
~.20 

.34 

.25 

.n •• 2.TI 
6.00 
-~ 
.13 
.18 

13.67 

""1:68" 
.22 
.02 

81.15 
.30 
.21 
.97 

1.48 
3.02 
4.87 

.17 

.12 

.15 
9.25 

Wn,KlN Co. 
Childs. 

1119 I 448 
~~c~~~· Surf~~e. 

100. 100. 

449 
Sub. 

72 
100. 

.... :06' 

40.66 
.36 
.31 

22.20 
4·73 
2.94 
5.91 

.13 

.12 
15.62 
7.08 

... ~:30" 1 ··· ...... . 

.42 .08 

78.18 
.37 
.18 
.89 
.53 

2.24 
4.14 

.20 

.00 

.10 
12.51 

61.38 
.43 
.21 

9.49 
2. 711 
2.97 
6.70 

.21 

.08 
10.73 
4.53 

WILKIN Co. 
Childs. 

446 
Surface 

66 
100. 

3.38 
.33 

82 .25 
.27 
.18 

1.36 
.30 

1.74 
3.98 

.22 

.09 

.62 
9.45 

447 
Sub. 

77 
100. 

.05 

89.79 
.27 
.14 

'''.46' 
l.98 
3.14 

.16 

.09 

.18 
2.58 

Alkali 
soil. 

199 
Surface. 

67.05 
.4() 

2.56 
7.48 
.16 

1.89 
7. lfi 

.27 
1.00 
4.84 
6.57 

.... ..... 
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Inasmuch as these alkali spots are sources of trouble, not 
only in this locality, but in other prairie districts, a few sugges
tions in removing the alkali may prove beni:ficial. 

Improving Alkali Soils. 'rhe alkali is soluble in water, and 
consists mainly of sodium sulphate or sodium carbonate. When 
these alkali spots are located so that they can be under drained 
at comparatively little expense, this should be done, as it will 
be found to be the best and most permanent way of removing 
the alkali. Good surface drainage should also be provided. 
Quite frequently a quarter or a third of the total alkali in the 
soil will be fo'und near, and on the surface. In such a case sur
face drainage will be very beneficial. When the spots are 
small, a large amount of alkali can be removed by scraping the 
surface of the soil in a dry time and then carting the scrapings 
away and dumping them where they can do no damage. 

When preparing an alkali spot for a crop, deep plowing 
should be practiced, so as to open up the soil and bury the 
excess of alkali, which is near the surface, deep enough so 
that it will not destroy the roots of the crop. 

Where manure, particularly horse manure, can be obtained, 
these spots should be manured very heavily. The horse man
ure, when it decomposes, furnishes the humus, which combines 
with the alkaline salts, and also prevents the rapid surface 
evaporation. 

Oats are. about the safest grain crop to seed on an alkali 
spot. The oat plant is capable of thriving in an alkaline soil 
where other grain crops would fail. 

The alkali soils are usually deficient in available nitrogen. 
As stated in the previous article, the organism which carries 
on the work of making the humus nitrogen available, can not 
live in a strong alkaline solution, In many of these soils, as 
demonstrated in the laboratory, nitrification can not take place. 
After thorough drainage and preparation for a crop, a few 
loads of good soil from a fertile field sprinkled on these spots 
will do much tu encourage nitrification, by introducing the 

· organisms which perform the work. 
Thorough drainage, both underground and surface, deep 

plowing, carting away the scrapings, the liberal use of man
ure, sprinkling a few loads of good soil on the spot to encour
age nitrification, and seeding to oats is about the best treat 
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ment which can be recommended for an alkali spot. These 
soils will improve with every crop removed, and they will 
prove in the end very fertile soils, well worth all the labor 
spent on them. 

Western ancl Central Prairie Soils.-This region includes a large 
portion of the state, extending from the Iowa and South Dakota 
lines to about 46!0 of latitude on the north, and to the Minne
sota and Mississippi rivers on the east. This region includes 
a large number of small lakes. Near some of these lakes the 
soil is more varied in character, inclining in some cases, to sand 
and gravel. The prevailing type of soil in the prairie region, 
is a fine black clay loam, resting upon a yellow clay subsoil, 
which, in turn, rests upon a limestone foundatio11. 

Soil 428 is from Tyler, Lincoln county. This soil was orig
inally native prairie. It has been cultivated for five years in the 
following way; fl.ax, wheat, wheat, oats and corn. The present 
condition as to fertility is good, but at this point a grass crop 
should be sown with the next grain crop. The subsoil, 429, is 
a characteristic prairie subsoil, richer in both potash and lime 
than the corresponding subsoil. In this case the subsoil is also 
richer in phosphoric acid. 

Soils 442 and 444 are from Hagan, Chippewa county. Soil 
442 has been under cultivation for twenty-three years, pro
ducing wheat, oats and corn. Soil 444 is from an adjoining 
:field which has never been under the plow. The differences in 
the nitrogen and humus in these soils was discussed in the pre
ceding article. The potash, lime and phosphoric acid are all 
high. There are no coarse particles present; the subsoils con
tain about thirty-eight per cent. of fine clay. Th<:i mechanical 
condition of these soils is equally as good as the chemical com
position. When placed side by side, 442 is noticeably lighter 
in color than 444, showing that with a loss of humus there is 
also a loss of color. 

Soil 414 is from Norway lake, Kandiyohi county. It is a 
clay loam, twelve to fifteen inches deep, and has been cultivated 
exclusively to wheat for sixteen years without any manures. 
In this soil, the decrease of the nitrogen and humus has been 
somewhat slower than is usually the case; a slight decrease, 
bnwever, is noticeable. The potash, phosphoric acid and lime 



TABLE NO. X.-western and Central Prairie Soils. 

LINCOLN Co. CHIPPEWA Co. CHIPPEWA Co, KANDIYOHI Co. 
Locality ..................... Tyler. Hagan. Hagan. Norway Lake. 

Number of soil. .............. 428 429 442 443 444 445 414 415 
Surface or subsoil. .......... Surface. Sub. Surface. Sub. Surface. Sub. Surface. Sub. 
Weight per cubic foot ....... 78 73 72 75 67 72 70 96 
JPineearth .................. 97.5 94.5 100 100 100 100 99 99 
Skeleton ...................... 3.5 5.5 .. "2:59" . ......... ····a·.97' . .......... 1 1 
Humus ....................... 2.55 3.16 ..... :il7" Total nitrogen ............... .27 .09 .19 11 .36 .21 .26 
Phosphates with humus .... .03 .......... .03 ·········· .07 ......... .03 ·········· 
Total insoluble matter ..... 87.47 76.70 81.40 79.96 76.34 75.01 63.13 88.26 
Potash ........................ .29 .42 .as .36 .46 37 .25 29 
8oda ......................... .20 .20 .13 .11 .16 .20 .17 .20 
Lime ......................... .88 4.25 .56 2.28 1.05 2.81 .70 .84 
Magnesia ................... .n .85 .74 .39 .70 .17 .43 .32 
Ferric oxld (Iron) ............ 3.65 3.68 • 3.17 3.13 3.43 1.83 2.05 2.58 
Alnmlnia .................... 5 13 6.20 5.67 2.72 7.01 1.10 4.12 4.20 
Phosphoric anhJidrld ...... .15 .22 .26 .27 .26 .21 .21 .19 
tiul~>hu~ic anhy ~Id ......... .10 .03 .07 .06 .02 .02 .10 .09 
Car onte anhydr1d .......... .4i 3.11 .06 2.00 .46 2.16 .01 .02 
Total Volatile matter ....... 8.45 4.39 7.87 5.63 8.84 7.98 8.92 3.76 

GRANT Co. 
Herman. 

266 267 
Surface. Sub. 

85 82 
96 93.3 
4 6.7 

2 83 .. .. ·:ii1" .26 
.04 ·········· 

85.63 Sj.47 
.21 .25 
.12 .09 

1.00 2.14 
.42 .20 

1.88 2.56 
2.90 2.66 

.10 .11 

.12 .09 

.42 2.50 
6 94 2.56 

MARTIN Co. 
Welcome. 

261 262 
SL1rface. Sub. 

72 74 
99 99 
1 1 

2.M 
.26 .11 
.02 

81 65 82.02 
.31 .24 
.12 .27 
.58 .58 
.19 .25 

2.48 3.16 
5.45 5.53 
.~5 .29 
.08 .22 
.21 .12 

B.TJ 7.20 

""" """ 
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are all present in liberal amounts, and the soil is quite free 
from coa.rse particles. 

Soil 266 is from Herman, Grant county. Wheat, barley and 
oats have been grown on this soil for twenty-two years. The 
per cent. of coarse materials is a little higher than in the aver
age prairie soil, but it is not so high so as to lessen the value 
of the soil. There is also a little more true sand present. The 
high rate per cubic foot of the soil follows as the result. This 
soil is well adapted for grass crops, 

Soil 261 is from Welcome, Martin county, the southwestern 
part of the state. This prairie soil has been cultivated for 
twenty years. Corn has done unusually well, and hence tbe 
land has been given over mainly to this crop. Other grains, 
as oats and barley have been grown, and have given good re
turns. Frequent dressings of manure have kept this soil in a 
good state of productiveness. 

Miscellaneous Soil Samples from the Central Part of the State.
No. 202 is from Litchfield, Meeker County. This soil has been 
under cultivation for sixteen years. Wheat, oats, timothy, clo
ver and corn have been grown in rotation. Clover does well on 
this land. The humus and nitrogen have both been well kept 
up. The lime is present in the form of silicate of lime. 

Number 432 is from Monticello, Wright county. The land 
was originally in hardwood timber, and has been under cultiva
tion about ten years. Corn, wheat, oats and potatoes have 
been grown. Although no clover or grass crops have been 
produced, the humus and nitrogen have been kept up by heavy 
dressings of barnyard manure every three years. The soluble 
aluminia is rather low for such a characteristic clay soil; this, 
however, takes no part in the fertility of the soi.I. The pot
ash in the surface soil is rather low, and the subsoil potash 
should be drawn upon as much as possible. 

Number 462 is from Hutchinson, McLeod county. It has 
been under cultivation for twenty-five years, and produced 
wheat, oats, barley, corn and potatoes. This land has been 
manured about once in five years. There is a larger amount of 
skeleton (coarse materials,) in this soil, and hence the land re
quires careful cultivation during droughty seasons. In the 
surface soil the potash is a little low, but in the subsoil there i.s 
a much larger store. 



Locality ......... . 

Number of soil ............ . 
Surface or sub-soil ....... . 
Weight per cubic foot .... . 
Fine earth .............. . 
Skeleton ......•........... 
Humus .................... . 
Total nitrogen ............ . 
Phosphates with humus .. 
Total insoluble ........... . 
Potash ....•................ 
Soda ...•..•.............. 
Lime ....................... . 
Magnesia ................. . 
Ferric Oxld....... . ....... . 
Alumlnla •.............. 
Phosphoric anhydrld .... . 
Sulphuric anhydrld ...... . 
Oarbonlc anhydrld ...... . 
Total volatile matter .... . 

TABLE NO. XL-Miscellaneous Soil Samples, Central Part of State. 

MEEKER Oo. WRIGHT 00. 
Litchfield. Montlcell'J. 

202 203 432 433 
: Surface. su.b. Surface. Sub. 

72 77 80 87 
.. 99 99 100 9! 
.. l 1 . ··3:45·· 6 

4.26 ...... i9 .. . .. ·:05·· .. .39 .22 
.04 .......... .03 . ......... 

79.47 70.73 86.67 89.80 
.25 .25 .13 .26 
.16 .28 .21 .17 

2.48 3.52 .69 .37 
.. .97 .25 .4:! .55 .. 2.ao 2.11 1.82 2.62 
.. 2.115 4.13 2.44 3.61 
.. .18 .23 .23 .21 

.09 .04 .02 .03 

.05 .15 .03 .03 
.. 11.00 7.96 7.30 2.30 

MCLEOD Vo. 
Hutchinson. 

462 463 
Surface. Sub. 

74 75 
92 88 
8 12 

3.33 ..... :ii;"" .29 
.03 . ........ 

82.43 85.41 
'.17 .27 
.23 .15 
.95 .75 
.66 .70 

2.66 3:0:.1 
4.42 4.53 

.20 .18 
,03 .09 
.18 .05 

8.:JO 4.82 

HENNEPIN Co. 
Bloomington. 

430 431 
Surface. Sub. 

75 82 
98 100 
2 ......... 

2.78 ·····:oil· .19 
0" . ........ 

83.18 82 7a 
.30 .23 
.10 .16 
.51 4.50 
.50 .83 

2.94 2.08 
5.31 3.41 

.SB .:u 

.09 .03 

.03 2.83 
6.02 2.25 

RAMSEY Co. 
Ex. Station. 

a74 I 1175 
Surfaee. Sub. 

.... ·:23·· ·····:09·· 
. ............. . 
82. 76 84.00 

.28 .25 

.20 .14 

.52 .37 
.21 .. 34 

2.83 2.79 
5.24 6.53 

.19 .16 

.10 .06 
.. ··1· so· .... 4:46"" 

HENNEPIN Co. 
Bloomington. 

451 310 
Surface. Surface. 

70 92 
46 87 
4 13 

4.48 l.24 
.36 .08 
.04 .01 

83.06 92.25 
.29 .2a 
.20 .:.15 
.92 .36 
.45 .17 

l.61 1.83 

3.43 I 1.93 .32 .20 
.17 .13 
.08 .01 

9.59 .87 

""' a> 
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Number 430 is from Bloomington, Hennepin county. This 
land was originally in hardwood timber. It has been under cul
tivation forty-six years, mainly to corn, oats and wheat, with 
occasionally a seeding to timothy. But very little manure has 
been applied. No soil of exactly similar character, which had 
not been cultivated, could be obtained. Number 451 is from the 
same locality, but is not the same kind of soil as 430. 

Soil 310 is from Hennepin county, some little distance from 
451. This soil is a very sandy loam, and has been under culti
vation for twenty years, almost entirely to corn; no manure has 
been applied. 

The soil from the experiment station is one that is taken 
from a plot that is being subjected to a definite system of rota
tion. 

Northern Central Minnesota Soils.-This region includes a por-
tion of the st.ate between the prairie section on the south, and 
th.e pine forest region on the north and east. The definite 
boundary lines of this section are difficult to establish, because 
in some places au arm of the prairie extends into the forest 
region, and then again an arm of the forest region extends out 
into the prairie. 

Soil 420 is from Wadena, Wadena county. This soil is of a 
sandy nature with a good supply of plant food. On account 
of the smaller per cent. of fine earth and the larger amount of 
skeleton, the humus in this class of soils must be kept up, other
wise crops will feel the want• of a good water supply. 

Soil 422 is from Detroit, Becker county. There is less skel
eton in this soil than in the preceding one. There is a good 
store of plant food; In the spring of 1890 the station sent out 
samples of wheat for trial in all parts of the state. From many 
of the farms of this region and in the counties to the south and 
west, the wheat returned had the unusual weight of sixty-five 
pounds per bushel. The high amount of phosphoric acid in 
the soil was undoubtedly a factor in producing the heavy 
weight. 



TABLE NO. XII.-Northern Central Minnesota Soils. 

WADENA CO. BECKER Co, TODD Co. TODD Co. 
Locality .................. Wadena. Detroit. Staples. Staples. 

Number of soil ............... 420 421 42'3 423 418 419 424 425 
Surface or sub-soil .......... Surface. Sub. Surface. Sub. Surface. Sub. Surface. Sub. 
Weight per cubic foot ....... 82 86 72 77 94 97 98 106 
Fine earth .................... 56.5 30. 71.5 64.4 92.00 87.5 100. 100. 
Skeleton ...................... 43 5 70. 28.5 35.6 8.00 12.5 .... ·:4r· .......... Humus ..................... 4.35 ""'":iii" 4.06 ..... .ia·· 1.52 ..... :<ii" ..... :02 .. 
Total nitrogen ............... .42 .27 .12 .04 
Phosphates with humus .... .06 ...... ... .08 ·········· .02 .......... .01 .......... 
Total insoluble matter ...... 78.86 86.05 83.'61 87.59 92.24 95.30 9!.65 95.58 
Potash ........................ .30 .28 .25 .25 .17 .13 .16 .15 
Soda .......................... .35 .33 .26 .30 .25 .24 .22 .27 
Lime .......................... .94 .62 .88 .58 .56 .35 .47 .35 
Magnesia ......... ,. ........... .51 .n2 .55 .53 .26 .26 .24 .19 
Ferric oxide (iron) .......... 2.80 2.06 2.57 2.77 1.38 1.44 1.21 1.21 
Alumlnia .................... 3.65 4.l!O 3.04 3.30 1.23 1.20 1.29 l.M 
Phosphoric anhydrid ....... .45 .. 34 .47 .22 .31 .20 .13 .09 
Sul~hurlc anhydrid ......... .14 .10 .JO .09 .12 .04 .10 .05 
Car onlc anhydrld .......... .06 .05 .07 .05 .03 .03 .04 .04 
Total volatile matter ....... 12.31 5.04 8.17 4.47 3.66 .98 1.51 .74 

0TTEit TAIL Co. 
St. Lawrence. 

456 457 
Surface. Sub. 

76 8! 
70. 73. 
ao. 27. 
2.54 "'":ii" .22 

.03 .......... 
88.61 89.93 

.15 .14 
.15 .13 
.78 .5! 
.17 . lE 

1.59 1.13 
2.14 2.17 

.16 .14 

.11 .10 

.02 .03 
6.61 4.55 

CASS Co. 
Brainerd. 

414 415 
Surface. Sub. 

90 100. 
97. 99. 
3. 1. 
2.12 ....... :io .18 

.03 . .......... 
88.26 89.97 

.27 .28 

.24 .25 

.28 .22 

.11 .13 
2.78 4.86 
2.24 2.18 

.20 .19 
.03 .04 
.01 .01 

5.54 I 2.25 

~ 
(J) 
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Soils 418 and 424 are from Staples, Todd .county. Soil 418 
has a fair amount of plant food and has been under cultivation 
for a short time. This land was originally a pine and oak 
clearing. Soil 424 is from an uncultivated piece that has been 
cleared of the pine and oak trees. The low amount of humus 
and nitrogen is due to the land being· burned over, and then left 
uncovered and unprotected. These sandy soils, in order to be 
kept in good condition, are more i.n need of humus than are any 
other class of soils. After clearing the timber, proper means 
should be taken to induce a new growth rather than to allow 
the land to be periodically burned over. 

Soil 456 is from near St. Lawrence, Ottertail county. This 
soil has been cultivated but little; other soils in the vicinity be
ing more productive, this one has been neglected. There is 
not so high a content of potash and phosphoric acid in this 
soil as is usually found in this county, although there is a suf
ficieht amount for crop purposes. 

Soil 414 is from Brainerd, Cass county. This soil has about 
twenty per cent. of fine clay, and a good supply of plant food. 
It has never raised a crop. 

Southeastern Minnesota Soils.-This region includes that por· 
tion of the state south and east of the Minnesota river and 
west of the Mississippi river. 'I'here is a great variety of soils 
in this region. Originally most of the soil was open prairie 
with hardwood timber along the streams and lakes. In this 
part of the state, the soil has been under cultivatibn for a longer 
period than in other parts; and samples of virgin soil for com
parison with the long cultivated ones were difficult to obtain. 

Soil 436 is from Waterford, Dakota county. It has been under 
longer cultivation than sampl~ 434. Soil 436 has raised more 
clover and timothy and every five years received a dressing of 
ten tons of barn yard manure, while 434 has raised more grain, 
and less grass crops and has never received any manure. The 
difference in the amounts of humus and nitrogen in these two 
soils is very noticeably in favor of the system of cultivation fol
lowed with soil 436, even though this soil has been under longer 
cultivation. Both soils are well supplied with potash, lime and 
phosphoric acid. 

Soil 468 is from Zumbro Falls, Wabasha county. The land 
has been cultivated mainly to wheat, barley and corn as well 
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as to some grass crops. The potash, phosphoric acid and lime 
are all present in liberal amounts. 

Soil 285 is from Red Wing, Goodhue county. The land was 
originally in oak timber, and has been cultivated for thirty-five 
years. Grain, hay and market garden truck have been raised. 
Manure has been frequently applied. Of late years this soil has 
been given over to the growth of sorghum to which it appears 
to be specially adapted. 

Soil 257 is from Holden, Goodhue county. This soil is the 
average from a farm which has been cultivated for twenty-five 
years. Originally the land was covered with oak and poplar; 
there was also a little open prairie. Wheat and other small 
grains were grown during the first fifteen years; of late years 
clover and pasture have been introduced, This soil, like most 
of the soils of this part of the state, is in a good condition of 
fertility. The nitrogen, potash, phosphoric acid and lime are 
all present in liberal amounts. The subsoil contains about 
thirty-eight per cent. of fine clay. 

Soil 489 is from Faribault, Rice county. In addition to wheat, 
oats, corn and barley, timothy and clover have been grown. In 
all thirty crops have been removed. The land has received 
one dressing of manure, at the rate of fifteen tons per acre. 
As in many of the other examples given, where timothy and 
clover have been grown, this soil also shows a good condition 
of fertility. The subsoil is well stocked with fine clay. 

Soil 269 is from Good Thunder, Blue Earth county. The soil 
has been cultivated twenty years. Wheat, oats, corn, barley 
and flax have been produced with two changes to meadow and 
pasture. The surface soil is a black loam from twenty inches 
to two feet deep, the subsoil is well supplied with fine clay. 
This soil is in a good state of fertility. 

Soil 300 is from Winnebago City, Faribault county, and is a 
prairie soil broken ten years ago. After removing a corn crop, 
and seeding to wheat, clover and raspberries have been the 
main crops. Humus, nitrogen, phosphoric anhydrid, potash. 
and lime are all well supplied. 



TABLE NO. XIII.-South Eastern Minnesota Soils. 

Locality , ................... . 
DAKOTA 00. 
Waterford. 

Number of soil. ............ ··1 436 
Surface or su b-so!l..... .. Surface. 
Weight per Oub!c foot . .. .. 67 
Fine earth........ .. .. .. .. .. .. 97 
Skeleton...................... 3 
Humus... .. .................. 3.46 
Total nitrogen........ .. . . . .26 
Phosphates with humus.... .03 
Total insoluble matter..... 81.02 
Potash........................ .32 
Soda... ...... .... .... ........ .10 
Lime........... ..... ....... .31 
Magnesia..................... .38 
Ferric oxld. .... ...... .... .... 2.96 
Alum!nla... . .. .. ............ 6.08 
Phosphoric anbydrld........ .20 I 
Sulphuric anbydrld...... ... .06 
Oarbonie anbydrld.......... .06 
Total volatile matter. • ... 8.60 . 

..... ,, 

437 
Sub. 

70 
99 
1 

"""jg" 

83.73 
,26 
.10 
.26 
.23 

3.08 
5.37 

.20 

.05 

.02 
5.71 

DAKOTA 00. 
Waterford. 

434 
Surface. 

70 
9! 

435 
Sub. 

72 
96 
4 

WABASHA Oo. 
Zumbro Falls. 

GOODHUE 00. 
Red Wing. 

GOODHUE Oo. 
Holden. 

RICE Oo. 
Faribault. 

--;--~~---;;~,----;;- 4891 490 
~.~~~~.:~: ... ~~.~:. Surf~ie. Su~0 Surfa7~e. Su~4 ~.~r~~.:~: ... ~~.~'. .. 
.................... 3 2 3 1 7 3 6 

2.95 
.21 
.03 

100 100 97 98 97 I 99 93 I 97 

1.81 . ..... . .. 2.48 .. .. .. . . .. 2.41 .......... 
.18 ,07 · .24 .08 .24 .W .... ".is" I .... · .20 .. r .. ·:07' · 

84.80 
.30 
.21 
.53 
.40 

2.68 
3.83 

.28 

.09 

.02 
6.76 

86.75 
.24 
.11 
,H5 
.32 

2.77 
3.76 

.25 

.07 

.01 
5.06 

c•• • 

83.99 
.27 
.18 
.67 
.54 

2.39 
4.11 

.26 

.08 

.23 
7.23 

86.65 
.29 
.2ti 
.55 
.53 

3.51 
4.51 

.26 

.08 

.21 
3.25 

.\ - ) .... , 

.02 ...... .... .02 ......... . 
m.m m.97 79.oo .. .~ .~ 

.u .• ~9 

.~ .fil .76 

.17 .19 .81 
2.21 2.47 2.43 
4.32 4.40 5.02 

.10 .ll .30 
J9 .06 .05 
.'08 .09 .06 

5. 78 4.63 8 68 

75.72 
.35 
.13 
.23 
.19 

4.15 
7.34 

.11 
,03 
.16 

7.02 

.. . ~~:~ .. 1 .... 8~:~~ 
.51 .43 

..... :iil'l"""':i4 

.... S:Sa"l ...... 4>7o 

01 
t--' 



TABLE NO. XIV.-Southeastern Minnesota Soils. 

FREEBORN Co. 
London. 

BLUE EARTH Co. 
Good Thunder. 

HOUSTON Co. 
Locality ...................... / Houston. 

FILLMORE Co. J FARIBAULT Co. J Oui1sTED Co. 
Town 101 R. Winnebago City. Rocbester. 

Number of soil .............. 483 484 470 471 487 488 300 301 485 486 269 270 
Surface or subsoil. .......... Surface. Sub. Surface. Su'!J. Surface. Sub. Surface. Sub. Surface. Sub. Surface. Sub. 
Weight per cubic foot ...... .. "ioo .. .... 'ioo .. '""'93" .... ·100 .. ..... ioo .. 70 74 """92'' """96" 70 75 
Fine earth ................... 95 98 98 99 98 
Skeleton .................... ·········· ·········· 7 5 ... 2:i5" .......... 2 2 8 4 1 2 
Humus ....................... 2.27 4.01 3.91 01 
Total nitrogen ............... .20 .07 .... ':26' .. · ·:os .. .22 "".':ci4" .39 "'":ci5" .. "':27'' '"'"j5" .34 ..... :iii'" Nl 
Phosphates with humus ... ...... .. .... .... .04 .......... .......... . ......... .04 ········ 
Total insoluble matter ..... 86.10 86.64 85.88 87.15 83.23 83.07 76. 73 72.44 77.88 77.60 76.31 75.40 
Potash ........................ .at .H2 .27 .26 .41 .46 :~~ I 

.48 .61 .50 .46 .45 
Soda .......................... .52 .52 .18 .17 .31 .33 .30 .66 .26 .10 .10 
Lime. .42 .40 ,60 .49 .45 .27 .70 4.75 .30 .73 .60 .65 
Magnesiii.: :::::::::::: ::: :: .:: .47 .47 .46 .53 .66 .36 .40 .52 .77 1.14 ,16 .93 
Ferric oxid ....... : ........... 2.40 2.61 1.85 2.49 4.75 3.47 2.55 4.03 4.09 3.36 3.83 4.05 
Alumlnla ..................... 3.64 4.!!3 3.63 4.01 4.20 'i'.83 7.10 7,o.; 7.65 10.98 8.04 8.36 
Phosphoric anhydrid ....... 

.221 
.23 .26 ,25 .12 .24 .W .26 .24 .23 .19 .09 

Sulphuric anbydrid ........ .05 .0.5 .10 .09 .03 .05 .12 .11 .05 .04 .03 .OS 
Carbonic a.nhydrid .......... .03 .04 .22 .20 .06 .05 .09 1.11 .07 .04 .01 .01 
Total volatile matter ....... 5.97 3.00 6.55 4.0'i' 6.18 4.34 11.33 6.86 6.59 3.96 9.44 8.70 
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Soil 470 is from London, Freeborn county. It was originally 
an oak clearing, has raised thirteen crops of wheat, oats, corn, 
potatoes, and timothy. No manure has been added. This soil 
will not stand heavy continuous grain cultivation on account 
of the presence of more coarse particles and of less fine clay. 
For general farming purposes, however, this soil is well suited. 

Soil 483 is from Houston, Houston county, and has 
been cropped thirty-four years to corn, wheat and oats. Origi
nally the soil was an oak opening. During the thirty-four 
years of cultivation it has received two light dressings of man
ure. It has a good stock of potash, lime and phosphoric acid. 
The want of nitrogen will probably be the first element to cause 
a decreased fertility. · 

Soil 487 is from the southern part of Fillmore county, near 
the Iowa state line. It has been cultivated about thirty years 
to wheat, oats, barley and corn; timothy and clover have also 
been sown at intervals. The soil was originally open prairie. 
The land has not been manured to any extent for the last ten 
years. It has been kept up by raising clover and timothy, and 
then plowing after two or three years. The per cent. of nitro
gen shows the beneficial effects of this method of field prac
tice. This soil is very rich in potash, the suface soil is not as 
rich in phosphoric acid as the subsoil, which is liberally sup
plied with this element. The subsoil contains nearly forty per 
cent. of fine clay. The chemical and mechanical composition of 
this soil do not indicate any vitally weak points. 

Soil 485 is from Rochester, Olmsted county. The soil has 
been under cultivation for twelve years. Five crops of grain 
were raised, and then the land was in meadow six years. The 
last crop removed was flax. Both the surface soil and the sub
soil are very rich in potash. The nitrogen and humus have 
been kept up well. The subsoil contains about forty per cent. 
of fine clay. This soil is in a good state of fertility, and, like 
most of the soils from this part of the state, is one that will 
wear well. 
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TABLE NO. XV.-Reclaimed Marsh and Low Lands. 

Number of soil .............. . 
Weight per cubic foot .. .. 
Fine earth ................. . 
Humus ...................... . 
Total nitrogen .............. . 
Total insoluble ........... .. 
Potash ....................... . 
Soda ........................ . 
Lime ......................... . 
Magnesia............... . .. 
Ferric oxide ................ .. 
Alummia .................. .. 
Phosphoric anhydrld ...... . 
Sulphuric anhydrid ........ . 
Carbonic anhydrid ........ . 
Total volatile .............. .. 

Freeborn Co. Clay Oo. 

Albert Lea. Barnesville. 

251 
41 

100 

...... ··:51'"··· 
15.10 

.51 

.32 
28.59 

.11 

.87 

.67 

.46 

.06 
27.24 
15.12 

206 
39 

100 
6.94 

.52 
19.70 

.44 

.30 
23.27 

.80 

.55 
2.70 

.30 

.75 
23.00 
27.72 

Blue .b:arth Chisago Oo. 
Co. 

:Mankato_. _, __ R_u_s_h_C_it~y_. 

294 
32 

100 

........ :62""' 
18.47 

.32 

.20 

.51 

.10 
2.60 
1.38 

.32 
1.06 
1.77 

71.80 

399 
42 

100 
..... :44' .... 

38.21 
.17 
.20 

4.60 
.20 

5.49 
4.48 

.60 
2.09 
3.19 

39.92 

Reclaimed Marsh and Low Lands.-ln many parts of the state 
the draining of swamps and old lake bottoms has resulted in 
producing very fertile soils. The analyses of a few soil types 
of this class are given in table XV. These soils are very rich 
in decaying vegetable matter.- In some cases the vegetable 
matter (see total volatile), makes up over seventy per cent. of 
the soil. 

Many of these places, after being burned over, refuse to 
produce a crop on account of the excessive amount of alkaline 
salts left in the ashes of the burned material. In such a case 
the spots should be treated in the same way as outlined for 
alkali soils. 

Soil 294 is a type of one of these soils which has been con
verted into a permanent meadow. Forty consecutive crops of 
hay have been removeJ. On account of the usual abundance 
of lime, there is but little tendency for sour mould to form, 
henc~ these soils are quite easily reclaimed. When dry, they 
have a very light weight per cubic foot. They all have the power 
of holding large quantities of water, in some cases as high as 
125 per cent., hence, in their usual condition in the field, they 
are quite heavy, on account of the large quantity of water 
which they carry. Many or these places have nearly the same 
composition as some of the best celery muck soils. There is a 
great deal of reserved fertility in these soils, which should be 
placed at the disposal of growing crops, either by drainage and 
reclaiming or, when rich enough, as muck, in the way outlined 
in the preceding article of this bulletin. 
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Marls.-In many parts of the state there are deposits of marl 
usually along with the muck and peat deposits. It is a 
grayish-brown material composed of a mixture of limes.tone 
and fine sand and clay; many of the marls contain a fair 
amount of potash and phosphoric acid. In some countries 
marl is used for fertilizer purposes. 

The value of marl as a fertilizer depends largely upon its 
indirect action upon the soil. In sandy soils which are defi
cient in fine clay, a dressing of marl is very beneficial. The 
marls may also be used in the curing of muck and in cow 
stables. On mellow loam soils they will not prove as bene
ficial as on sandy soils, or on stiff clay soils. 

The marl can be applied direct to the land without curing. 
It will do the most good on grass lands, and in cases where 
clover is started with difficulty. 

In many places these marls are quite abundant; the analysis 
of a few typical samples is given in table XVI. It must be re
membered in using marl that it is not a complete fertilizer, and 
before drawing or using any large quantity of it, it would be 
best to first give it a trial on a small scale. Marl will not do 
any injury to your soil, aud may prove beneficial. 

TABLE XVI.-Marls. 

HAWLEY GEORGE· GEORGE- BUFF'LO RUSH FAIR; BENSON. 
Locality......... ..... TOWN. TOWN. CITY. HA,EN. 

--------1·--- --------- ---------
Number of sample .... 2085 2086 2101 £96 244 252 1684 
Total insoluble ........ 2.92 58.30 59.32 33.27 70.01 40.66 34.2! 
Potash ................. .45 .48 .54 .18 .32 .48 
Soda ............. .32 .06 .41 .18 .14 .. 21:2r· .24 
Lime ............. :.:::: 36.92 12.08 14.97 33.08 9.b8 28.23 
Magnesia .............. 8.9! 4.40 3.65 4.89 .31 1.62 .44 
Iron oxld .......... } 1.48 5.08 2.87 J.18 2.40 .35 3.16 
Aluminia ............. ..... :26" ..... :is . ... :5r· 1.43 3.29 1.70 4.12 
Phos.acld .............. .17 .31 .15 .41 
Sulphuric acid ........ .02. 3.60 .02 .02 .02 .04 .04 
Carbonic acid ........ 41.45 10.15 14.10 25.45 9.65 22.40 24 12 
Total volatile ......... 7.40 2.76 1 07 1. 72 2.86 4.12 



TABLE NO. XVII. - Eastern Minnesota Soils. 

w ASHING TON Co. I WASHINGTON Co. I CHISAGO Co. PINE Co. 
Locality .............................. I Cottage Grove. Hugo. North Branch. Sturgeon Lake. 

Number ot sol! ....................... 440 441 314 315 499 500 426 427 
Surface or subsoil. .................. Surface. Sub. Surface. Sub. Surface. Sub. Surface. Sub. 
Weight per cubic foot ............. 66 70 90 102 98.00 lC0.00 85 106 
Fine e!l.rth ............................ 100 103 89 66 91 93.05 85 66 
Skeleton .............................. .......... ......... 11 34 6 6.05 1!'i 34 
Humus ............................. 2 98 "":iii'" 1.34 .. ···:o! .. ·········· ......... 1.10 ·· ·· ·:oa· Total nitrogen ....................... .23 .10 ·········· ·········· .08 
Phosphates with humus ............ .03 sii>i'o .. .02 ... o:i:66" ···oo:5i .. ···oa:ii> .. .01 . .. 9o:so" Tota Insoluble matter ............. 82.66 91.16 91.95 
Potash ............................... .26 .26 .17 .18 .20 .24 l .18 .24 
Soda .................................. .10 .10 .24 .25 .22 •••.••.... .16. .22 
Lime ................................. .29 .35 .28 .2"J 

:: :: : : : : :: . : : : ::~~:: 
.33 .28 

Magnesia ............................. .4:{ .20 .11 .13 .29 .20 
Iron oxld ............................. 2.98 2.72 1.78 1.~6 2.91 4.54 
Aluminla ............................. 4.99 5.12 2.24 2.18 •••••••••• 1 ••••••.•• 1.89 2.42 
Phosphoric anhadrld ............... .19 .24 .20 .19 ..... ::~·-1···· :~~-· 

.la 

I 
.12 

Sul~hurlc anhy rld ................. 09 .04 

I 
.04 .03 .05 .03 

Car onlc anhydrld .................. .03 .06 .01 .01 .................. .03 .04 
Total volatile matter ............... 7.84 5.16 2.54 1 25 ................... 2.20 1.18 

PINE Co. 
Hinckley. 

2'l8 228 
Surface. Sub 

86 90 
95 92 
5 8 

2.01 ........... 
.20 .......... 
.03 '""87:it'' 79.90 
.25 .35 
.20 .40 
.76 .22 
.25 .27 

a.55 4.71 
5.75 5.56 

.12 

I 
.36 

.06 .04 

.01 .03 
4.00 8.00 

CART,TON Co. 
B!l.rnum. 

I m I 475 
Surface. Sub. 

......... ......... 01 .... ..... ~ 

.. '9il:S9" .. 
92.75"" 

.12 .11 

.27 .24 

.~o .40 

.39 .51 
3.22 3.23 

.15 .10 
2.61 

I 
1.96 

.11 .09 

.02 .02 
2.16 .92 
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Eastern Minnesota Soils.-This region includes a portion of 
the state north and east of the Mississippi river, extending as 
far as the Wisconsin line on the east and not quite to the min
ing region on the north. In this section tbere is a great var
iety of soil composed ·of mixtures of sand and clay in various 
proportions. The subsoils are largely red clay, containing 
thirty per cent. and more of the finest clay particles. In the 
northwestern portion it is timbered largely with.pine, while in 
the southern portion oak prevails. 

Soil 440 is from Cottage Grove, Washington Co. It has been 
cultivated about thirty-five years. Wheat, oats, barley, corn, 
clover and timothy have been the main crops produced. Every 
four or five years it has received a dressing of farm manure. 
The manuring and system of rotation followed has kept the 
the soil in a good state of productiveness, and the analysis 
shows the nitrogen and humus to be nearly as high as in cor
responding native soils. The potash, phosphoric acid and lime 
are all present in liberal amounts. 

Soil 315 is from Hugo, Washington Co., farther north and 
west than is Cottage Grove. This soil is of a more sandy 
nature than 440. It is one of those sandy loam soils, in a good 
state of productiveness, which have proven such excellent 
potato soils. In plant food, although not quite as heavily 
stored as some of the other examples given, there are no 
vitally weak points. 

Soil 228 is from Hinckley, Pine Co. The soil has never been 
cultivated. The surface soil is a dark grey clay loam contain
ing two per cent. of true humus, and two-tenths of a per cent. 
nitrogen. The red clay subsoil is rich in potash and lime,and 
very rich in phosphoric acid. Soils of this class belong to the 
mixed grain and grass type. For general farming purposes, 
these soils are well adapted. The subsoils are sufficiently 
retentive of moisture to insure a good crop. 

Soils 426, 474 and 499 are from Sturgeon Lake, Barnum, and 
Harris respectively. Soils 426 and 474 have never been culti
vated. They are good potato and truck soils. 

Soil 495 is from North Branch, Chisago Co. The soil has 
been cultivated for about seventeen years. During the past 
fifteen years, potatoes, oats and timothy have been grown in 
rotation. This three course rotation; a sod crop, a hoed crop, 
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and a grain crop has kept the soil in a good state of product
iveness, and has resulted in the production of potatoes, of 
larger size and larger yield, than where no system of rotation 
has been followed. The land has also been manured occa
sionally. 

Soil 497 is from an adjoining :field which has never been cul· 
tivated. It is timbered lightly with oak. In mechanical com
position both of these soils are strong types of potato soils, 
while the chemical composition shows a good stock of plant 
food present. 

Soil 501 is from Finlayson, Pine Co., it has never been cul
tivated. It is a clay soil with about the same general char
acteristics as noted with the soil from Hinckley. 

TABLE NO. XVIII.-Eastern Minnesota Soils Continued. 

NORTH BRANOH, CHISAGO 00. PINE Co. 

Native. Cultivated. !<'in Jayson, 

Number of soil. ... 497 498 495 I 496 501 502 
Surface or subsoil. Surface. Sub. Surface. Sub. Surface. Sub. 
Wei'htper cubic ft 94 10! 98 102 88 90 
Skeleton .......... 15 

I 
14 8 5 4 6 

Fine earth ........ 85 86 92 91 96 94 
Total in s o 1 u b 1 e 

matter .......... 90.97 93.87 90.03 92.04 80.12 86.06 
Potash ............ .34 .20 .31 .26 .38 .20 
Lime ............ .22 .18 .17 .11 .47 .62 
Phosphoric acid .. 

1 

IO .08 .11 .08 .22 .18 
Total volatile 

I matter .......... 5.20 2.00 4.12 2.01 7.60 6.40 

THE SIZE OF THE SOIL PARTICLES. 

The size and form of the soil particles have a great deal to 
do with crop growth. In the analyses reported in the preced
ing pages, the terms skeleton and :fine earth are used. The 
skeleton consists of all coarse particles, like gravel and coarse 
sand, which are larger than .02 of an inch in size (.5 millime
ter); the :fine earth is composed of particles less than .02 of an 
inch in size. 

The :fine earth is composed of six grades of soil particles. 
The names and sizes of these soil particles are as follows: 
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Medium sand .02 to .01 inches, .5 to .25 mi.llemeter 
Fine sand .01 to .004 .25 to .1 '' 
Very flnf: sand .004 to .002 " .01 to .05 " 
Silt .002 to .0004 " .05 to .01 " 
Fine silt .0004 to .0002 " .1 to .005 " 
Clay less than .0002 " less than .005 " 

The extreme fineness of the smaller particles becomes more 
apparent when it is remembered that it would require at least 
five thousand clay particles, laid side by side, to measure an 
inch. 

In the drawing showing the comparative size of the soil 
particles, each one is magnified about three hundred and twen
ty-five times. It "is to be observed that the soil particles, when 
magnified, show the same diversity of form as do larger stones. 
The sand, silt, and clay are only stones of microscopic size. 
The form of these particles is also important; when they are 
irregular, and angular, they fit in, and form a more solid mass 
than when they are round like little balls. 

Medium Sand. 
Between .02 and .01 Inch. 

Fine Sand. 
Between .01 and .004, 

Very Fine Sand. 
Between .002 and .004 • 

.. 
~ n , 

~ 
~ 

~ () p. 
"' 

' ' c d 
d_., .,, 

i 

Silt. 
Between .002 and .0004. 

Fine Silt. 
Between .0004 and .0002. 

Olay. 
Less thii.n .0002 inch. 

Figure No. 11. Soll Particles Magnified 325 times. 

A certain amount of fine clay particles is absolutely nec
essary in order to enable the soil to retain a sufficient amount 
of water for crop growth. The silt particles are intermediate 
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in size between the sand and the clay. While the sand causes 
a soil to be loose and porous, and the fine clay imparts just the 
opposite characteristics, the silt stands intermediate between 
the sand and clay as to imparting looseness and compactness 
to the soil. 

The preference of certain crops for particular soils, as corn 
for a sandy loam, potatoes for a sandy soil, and wheat for a 
clay sub soil, is due, mainly, to the amount of water required 
by the crop, and the facility with which the soil is capable of 
warming up in the spring. 

Wheat Soils.-There are three types of wheat soils in this state. 
The strongest type is the one in which the sub soil is composed 
of about :fifty five per cent. of fine particles less than .0002 of an 
inch in size, .005 mm, about half of which is limestone, and 
half is clay. The .subsoils of the Red River valley, and of 
many other parts of the state which have been formed from the 
action of old lakes, belong to this class. 

In the second class of wheat soils are those that contain about 
thirty per cent. of fine clay and not more that forty per cent. 
of sand; the balance is made of silt particles. In the third 
class of wheat soils are those which contain from :fifteen to 
twenty-five per cent. of c1ay, about the same amount of fine 
and very fine sand, and about sixty per cent. of silt, preferably 
very fine si1t. 

Corn Soils.-The strongest corn soils in the state are those 
which contain about twenty-five per cent. of medium sand, 
twenty to twenty-five per cent. of fine and very fine sand, and 
:fifteen to twenty per cent. of :fine clay; the balance being com
posed mainly of silts. In corn soils. a higher amount of clay 
would render the soils too slow in warming up in the spring, 
while a smaller amount would not hold a sufficient quantity of 
water for the best results. Many excellent corn soils are com
posed of a smaller amount of clay and a correspondingly 
larger amount of tine silt. Under the conditions of climate 
and rainfall in this state, corn does not do its best when the 
sub soil does not contain at least twelve per cent. of fine clay. 

Medium Grass and Grain Soils.-The subsoils of the best 
medium grass and grain lands are composed largely of silt 
and very fine silt particles. In the case of the experiment 
station subsoil, which belongs to this class, there is nearly 
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seventy-five per cent. of silt present. Inasmuch as silt oc
cupies an intermediate place between sand, which imparts 
looseness, and clay which imparts extreme compactness, these 
soils possess many excellent points. In 1894, a year-of most 
severe drought, there was only a few hundreths of an inch of 
rain after the 8th of May. On this soil, however, with no 
rainfall after May 8th, on many of the plots there was a yield 
of fifty bushels of oats per acre. The plot from where this 
sample was taken yielded 4,360 pounds of clover per acre. 
Hence it is plain that soils of this class can be made to resist 
drought, and produce good yields of grass and grain. The 
small amount of sand, about five per cent. does not impart 
much looseness to the soil, while the amount of clay is not so 
large as to impart too much resistance to cultivation. Ordi
narily, this subsoil carries from eighteen to twenty per cent. 
of water. 

Potato Soils. -The better class of potato soils are those which 
contain a larger amount of the various grades of sand particles, 
and a small amount of fine clay. About sixty per cent. of med
ium sand, thirty per cent. of silt and at least four per cent. of 
fine clay make a good combination for potatoes. Soils of this 
nature when the humus is well kept up, will carry from five to 
ten per cent. of water. An excessive amount of water in a soil 
has a tendency to prolong growth and retard maturity. Early 
truck soils have about t.his same general composition. 

The following illustration represents the general mechanical 
composition of these five distinct types of subsoils. The larg
est circular particles at the bottom of the little bottles repre
sent the medium sand .02 to .01 of an inch in size. The next 
smaller division immediately above represents the fine and very 
fine sand. The silt is represented by the smallest circular par
ticles, while the fine silt is indicated by dots. The black por
tion is tbe clay, while the small light portion above is the 
volatile matter. These figures do not represent the actual size 
or form of the .soil particles. The mechanical analyses of only 
a few types are given. 
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1. 2. 3. 
Heavy wheat Medium wheat Grass and grain . 

subsoil. subsoil. subsoil. 

Figure No. 12. Soil Types. 

4. 
Oorn 

subsoil. 

5. 
Potato 
subsoil. 

TABLE XIX.-Mechenical Composition of Soil Types. 

KIND OF SOIL, HEAVY MEDIUM GRASS & OORN. POTATO, 
WHEAT. WHEAT. GRAIN. ETC. 
------------ --- =s 

Names of Warren Average Ex.Sta'n Martin St.Cloud --"-Size of Paticles. N::: - .... 
Particles. Subsoil. Prairie. Subsoil. Subsoil. Subsoil. ell"" 

------------ --- ---
. 02 to .01 in. Medium sand .. .. ·ti'is .. 3.18 1.20 24.60 5!).04 .5 to .25 
.01 to .u02 in. Fine aud very 21.43 4.14 21.51 5.60 .25 to .05 

fine sand ..... 
. 002 to .0004 in . Silt ............ 20.25 27.75 44.35 11.08 9.07 .05 to .01 
.0004 to .0002 in. Fine silt ........ 10.35 17.60 30.75 12.81 19.33 .ul to .005 
.0002 & smaller. Olay ........... 57.00 ~.00 15.45 22.80 4.05 .005 

Total volatile. 6.22 5.14 4.61 7.20 2.91 

Methocl Employecl in the Mechanical Analysis.-In the separa
tion of the soil particles, a modification of the Osborn beaker 
method was employed. The coarse sand was first removed, 
and then the medium sand, by means of seives of the form of 
Gooch crucibles, specially made for this work. The clay was 
then separated from the silts and tine sand by means of centri
fugal action, using the microscope to indicate when the separa
tion was complete. By this means the usual 24 hours precipi
tation was avoided. The fine sand and the two grades ,of silt 
were then separated in the usual way. 
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In the mechanical analysis of soils, the duplicate results 
agreed fairly well, but not with that same degree of accuracy 
and precision as obtained with the chemical analysis. 

The duplicates from the station soil are as follows: 

Volatile, 
Sand .25 to .5 MM. 
Medium and very fine sand, 
Silt. 
Fine silt, 
Olay, 

Determination, 

per cent., 

" 
" 
" 
" 
" 

No.1. 
5.20 
1.20 
5.07 

44.63 
28.85 
15.05 

Determination. 
No.2. 

4.90 
1.27 
3.22 

44.04 
30.78 
15.79 

Total, 100.00 100.00 

The cultivation of the soil influences the relation of the soil 
particles to each other more than it effects either the size or 
form of the particles. It is this fact which is taken advantage 
of in the cultivation of the soil for the purpose of preserving 
the moisture. The aim of the cultivation should be to enable 
the soil to store up the most moisture and then to retain it for 
the growing crop. In order to accomplish this different classes 
of soils must be treated differently. On a heavy clay subsoil, 
deep fall plowing or subsoiling, in some seasons, may prove 
beneficial by aiding the downward movement of the water, thus 
removing it from the surface to prevent evaporation. Under 
the conditions of rainfall in many parts of this state, deep plow
ing in the spring produces poor crops, because the subsoil 
water ~as been cut off. Heavy rolling, on the other hand, forms 
a firm mass penetrated with capillary tubes which carry the 
water to the growing crop. In case the rolling is not followed 
by surface cultivation, the evaporation from the rolled land is 
greater than when the land is not rolled. 

On the Experiment Station soil, deep plowing, heavy rolling 
followed by surface cultivation resulted, in a drouthy season 
(Bul. No. 31), in the production of 6 to 8 bushels of oats per acre 
over deep plowing, shallow plowing, or simply harrowing. At 
the same time, chemical analysis showed that there was more 
water for the season in the subsoil than with the other systems 
of cultivation. 



THE ACTION OF ORGANIC AND MINERAL 
ACIDS UPON SOILS. 

HARRY SNYDER. 

In the preceding article it was shown that hydrochloric 
acid of 1.115 specific gravity removes from the soil all of 
the plant food which can possibly contribute to the growth 
of the oat plant. It is safe to assume that the hydrochloric 
acid employed represents the limit of solvent power possessed 
by agricultural plants. 

In the case of growing crops, the acid sap of the plant roots 
and the dissolved mineral and organic salts, are the solvents 
which act upon the soil. In some plants, citric acid, as found 
in lemons, is the prevailing acid found in the sap; in other 
families of plants, tartaric acid, the acid of grapes, and malic 
acid, the acid of apples and other fruits, are the principal acids. 
Frequently the sap contains two or more organic acids. 

Inasmuch as the organic acids which dissolve the plant food 
are not of the same nature or strength in various growing crops, 
it follows that there is a marked difference in the power pos
seEsed by various agricultural plants of obtaining their food 
from the soil. 

Various organic acids. have been proposed to determine the 
approximate availability of the plant food. This is attended 
with much difficulty becau~e the action of any organic acid is 
constant only for a particular class of soils. With an ordinary 
clay soi.l there will be less total insoluble matter when oxalic 
acid is used; in the case of a lime soil there will be less insol
uble matter when citric acid is used. The potash and phos
phoric acid are subject to like variations. The results ob
tained by the use of organic acids are valuable, but it can not 
be said.that a certain organic acid of a definite strength is cap· 
able of expressing the available plant food alike for all crops 
and all soils, because, ( l), the action of the acid is not constant 
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and, (2), the power of various crops of obtaining their food 
from the soil is also a variable factor. 

One of the reasons advanced for the use of hydrochloric acid 
1.115 sp. gr. in soil analysis is the similarity of the action of 
this acid and of the various organic acids upon soils. Inas
much as this premise is a foundation of a part of the present 
system of soil analysis, it is a question of much importance. 

In table number XX the per cent. of soil constituents ob
tained with one per cent., five per cent. and ten per cent. solu
tions of oxalic and citric acids is recorded, The compound 
sample of two hundred Minnesota soils, previously referred to, 
was used for this purpose. Twenty grams of soil were digested 
with 100 c. c. of acid solution for thiry-six hours. The material 
soluble in the organic acid was separated by :filtration and 
washing, evaporated to dryness, and the residue was then 
gently ignited to remove the organic acids. The analysis was 
completed in the usual way. 
TABLE NO. XX.-Action of Oxalic and Citric Acids upon a Mixed Soil, Composed 

of Two Hundred Minnesota Soils. 

I -
O!'iE PER CENT. ' FIVE PER CENT. TEN PER CEN.T. HYDRO

CHLORIC 

Oxalic. Citric. Oxalic. ()1tric. Oxalic. Citric. 1.115 
sp. gr. 

---------- --- --- --- --- ---

Insoluble .. -- .. -- .... _. ·---·:0r,- 86. 70 
Acid soluble silica .... .05 .11 
Potash .... ············ .O:'i .02 .15 
Lime ... .04 40 .43 
l\IagnesiU: :: :: ·: :: :: :: : · 07 .17 .30 
Ferric oxid ............ .03 .07 2.00 
Alum!aia .............. ,03 .15 2.64 
Phosphoric acid .. _ ... .C2 ·04 .11 

85.44 85.10 
.10 .14 
.18 .16 

1.99 .52 
.44 .29 

1. 45 2~38 
1.84 3.44 

.08 .16 

84.02 
.18 
.19 

2.15 
.51 

.w 

79.73 

····--·:29 
2.17 

.55 
2.68 
5.36 

.25 

Ordinarily, the limit of solubility of organic acids upon a 
soil is reached with about a ten per cent. Rolution. When the 
organic acid solutions are too concentrated they crystalize up
on filtering. 

Oxalic acid possesses a greater solvent action upon the com
plex silicates of iron and aluminia. In some cases, as in the 
next example, oxalic acid also dissolves more potash. Citric 
acid possesses the greatest solvent action upon the lime, mag
nesia and phosphoric acid. Tartaric acid appears to be less 
active ?,s a solvent than either oxalic or citric acid. In the ab
sence of lime the potash appears to be less soluble in the var
ious organic acids than any of the other elements of plant food. 
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In field tests it has been observed that soils with a small con
tent of lime respond more readily to potash fertilizers than 
similar soils with a larger content of lime. 

In table number XXI, the results are given when one of the 
rotation plots of the Experiment Station was treated with ten 
per cent. solutions of oxalic, tartaric and citric acids, and also 
an acid mixture composed of equal parts of these three acids. 

TABLE NO. XXI.-Action of Organic Acids Upon Station Soil. 

Ten Per Oent Solution of 

Oitrlc. Oxalic. Tartaric Mixture. 

Hydrochloric 
Acid 

1.115 Sp. gr. 

------------ ---- ------ --- -----

Total Insoluble .................... . 
Potash ............................. . 
Hoda ................................ . 
Lime ............................... . 

rr~~n0~1a: :: :: :: ·-. :: -.::: :: :: ::::::: :: . 
Aluminia ............................ . 
Phosphori.i Acid ................... .. 
Sulphuric Acid ................... . 

87.90 
.12 
.17 
.50 
.27 

1.59 
1. 45 

.26 

.10 

85.07 
.18 
.19 
.2a 
.21 

1.14 
3.96 

.14 

.05 

87.67 
.06 
.05 
.41 
.32 

1.62 
1.77 
.ll 
.06 

85.93 
. HI 
.12 
.4!\ 
.~a 

2.23 
2.Q9 

.2i: 

.05 

B!.08 
.30 
.25 
.51 
.26 

2.56 
4.24 

.23 

.08 

Concentrated hydrochloric acid, forty per cent. strength dis
solved two and a quarter per cent. more of the complex silicates 
than nitric acid of the same strength. Concentrated nitric 
acid possesses a stronger solvent action than the dilute hydro
chloric acid. The concentrated hydrochloric acid dissolved 
over one-third more potash than the hydrochloric acid used in 
the regular soil work, as well as a correspondingly larger 
amount of iron and aluminia. Sulphuric acid has the strongest 
solvent action of any of the acids. 

TABLE NO. XXII.-Concentrated Mineral Acids. Station Soil. 

Total insoluble ............ .. 
Potash ..................... . 
Soda ......................... . 
Lime ....................... . 
Magnesia ................. . 
Iron oxide ................... . 
Alurninia .................. . 
Phosphoric acid ............ . 
Sulphuric acid ............. .. 

Hydrochloric 

81.20 
.42 
.31 
.5:\ 
.40 

3.41 
5.84 

.23 

.OB 

Nitric. 

83.45 
.30 
.28 
.30 
32 

2 97 
4.55 

.23 

.08 

Sulphuric. 

80.4c 
.52 
.40 
.53 
.52 

3.57 
6.88 

.26 

.IO 

Total by 
fusion. 

72.45 
1.75 

.50 

.86 

.72 
3.63 

12.71 
.28 
.IO 
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TABLE NO. XXIII.-:--Action of Organic Acids Upon Native Prairie Soils. 

Soll 444, Ohippewa Oo. Soll 448, Wilkin Oo. 

5 per cent. Oitric. 1 per cent. Oitrlc. 5 per cent. Oitrlc. l per cent. Oitric. 

Total insoluble 83.64 85.85 82.17 84 18 
Potash ......... .04 .04 .07 .03 
Soda ....... .06 .o~ .04 .03 
Lime ....... :::: .87 .65 .56 .39 
Magnesia ...... .18 .C6 .06 .oa 
Iron Oxid ...... i:o7 ·:as Alurnlnla ....... .73 .75 
Phosphoric 

Acid ...... , .... 
. 

.08 .03 .06 .03 

SUMMARY. 

The results of the action of organic acids upon soils, 
taken as a whole, show that citric acid dissolved more potash 
and less phosphoric acid from soils rich in lime, than from soils 
poorer in lime, in the latter case more phosphoric acid and less 
potash are dissolved. In all cases, with one exception, citric 
acid dissolved more phosphoric acid than oxalic acid. Wjth 
the exception of the potash, the largest amount of lime, mag
nesia, phosphoric and sulphuric acids dissolved by any one of 
the organic acids is nearly identical with the solvent action of 
hydro chloric acid sp. gr. 1.115. 

The hydrochloric acid used in soil analysis represents the 
limit of the solvent action (except for the potash) reached by 
any one of the organic acids acting alone or in a mixture. 

In the case of the native prairie soils, the one per cent. citric 
acid dissolved .035 per cent. potash, and .03 per cent. phosphoric 
acid. The potash and phosphoric acid present in these easily 
soluble forms would be equivalent to about 1,200 pounds of 
potash, and 1,000 pounds of phosphoric acid per acre to the 
depth of one foot. 

In the average sample, representing two hundred soils from 
all parts of the state, 700 pounds of potash and 1,400 pounds 
of phosphoric acid per acre are present in easily soluble forms. 



METHODS OF COMPARISON OF· DIFFERENT 
FARMING UPON THJ1J CONSERVATION 

THE FERTILITY OF THE SOIL. 
OF 

HARRY SNYDER. 

Along with the analyses of soils given on the previous pages, 
the general methods of farming which have been pursued, have 
also been given. In the case of the total nitrogen, bumus, and 
the humic-phosphoric acid, the differences, caused by the var
ious methods of farming, have been very noticeable. The 
method of farming has a great deal to do with maintaining the 
fertility of the soil, hence it is a matter of much importance 
that the farmer should give the subject of soil fertility, as ef
fected by different methods of farming, its due consideration. 

In the following pages, the amount of tbe principal elements 
of fertility removed from the soil .by various crops. and sold 
from the farm, and also the amount returned in the form of 
manure, are given for a number of distinct types of farming. 
This data has been obtained mainly by aid of the students of 
the School of Agriculture. Examples have been selected 
which represent distinct types rather than individual cases of 
farming. The figures which.have been used in the calculations 
are mainly from the analyses of crops grown in this state, and 
in some cases they are a little different from those given in 
many books and rEports. 

Type 1. All Grain Farming.-No stock is kept; the little 
manure made by the work horses is not preserved or used. 
One hundred and sixty acres are under the plow. The grain 
is all sold from the farm, and the straw is all burned in piles 
and no attention given to the ashes. One hundred acres of 
wheat are raised, yielding 15 bushels per acre; also forty acres 
of barley, yielding forty buShels yer acre, and twenty acres of 
oats, yielding fifty b'Ushels per acre. 
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The amount of fertility removed in the grain and stra.w by 
each crop is as follows: 

TABLE NO. XXIV.-All Grain Farming. 

TOTAL POUNDS OF Total Mineral 

Phosphoric 
Acid. Potash. Nitrogen. 

Matter. 

Wheat-Grain, 100 acres ...... 900 500 2,000 1,800 
Straw, 100 acres ..... 400 1.500 1,000 13,000 

Barley-Grain, 40 acres ..•.. 600 320 1,120 1.600 
Straw. 40 acres ...... 200 800 480 4,400 

Oats-Grain. 20 acres .... 2!0 200 700 1,100 
Straw, 20 acres ..... :::: 120 700 300 3,000 

------ ----------------
Total pounds. ············ 2.460 4.020 (5,600+) 24,900 

In addition to the fertility removed in the crop, there is also 
a large amount removed in the weeds, which are cut and har
vested along with the grain. In many cases there is a very 
large amount of fertility lost in the weed crop. The :figures 
given for the nitrogen represent only the amount removed in 
the crop and not the total lost from the soil. When this line 
of farming is followed for a,ny great length of time, the total 
loss of nitrogen from a .rich prairie soil is three or four times 
the amount removed in the crop. This is caused by the de- 1 
composition of the humus, due to the constant cultivation of; 
plowed crops. 

When exclusive grain farming is followed, under the condi
tions as indicated, there is removed, annually, from a farm of 
one hundred and sixty acres, nearly twenty-five thousan.d 
pounds of mineral matter, composed, in part, of about four 
thousand pounds of potash, and two thousand five hundred 
pounds ofphosphoric acid. 

Type II. Mixecl Grain and General Farming.- Eighty-five 
acres are in grain, sixty-five of which are sold and twenty re
served for feeding on the farm. The animals kept on the farm 
are ten cows, four head of young stock, :fifte<iln sheep, eight 
hogs, four work horses and two steers. All of the straw is 
used as food or bedding for the animals. On account of the 
land being kept in better condition with the farm manures and 
the rotation of crops, larger yields per acre are recorded than 
in the type of all grain farming. 
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1 
Forty acres are sown to wheat, yielding twenty bushels per 

/ acre, all of which is sold; twenty acres are sown to oats, one
/ half of which is sold, while the other half is fed to the stock. 

Ten acres of barley are raised, yielding forty-fi_ve bushels per 
I acre. One-half of the barley is sold, while th_e_ rest is used as 

food. Seven acres of rye and three of flax, are raised and all 
1
\

1 

sold; also fifty bushels of po'tatoes. Two steers, five sheep, 
eight hogs and one thousand five hundred pounds of butter 
constitute the animal products which are sold. 

Eighty per cent. of the food raised and consumed on the 
farm is calculated as returned to the soil in the form of manure. 
Eighty per cent. in addition to all of the materials sold from 
the farm, is a very liberal factor, and is used because the 
results of actual work are lower than theoretical standards. 

The income and outgo of the elements of fertility in the 
several crops are all given in table XXV. There is an additional 
gain of nitrogen to the farm not given in the table, due to the 
fixation of the free nitrogen of the air by the cultivation of 
clover and peas. (Minn. Bul. No. 34). It is safe to calculate 
that there has been a gain of fifteen hundred pounds of nitro
gen from this source, which reduces the actual loss of nitrogen 
from the farm to less than a thousand pounds. 

When the system of mixed grain and general farming i.s 
followed, under the approximate conditions as stated, there is 
an annual loss from a farm of one hundred and sixty acres of 
about one thousand pounds each of the three elements, nitro
gen, phosphoric acid, and potash. Compared with exclusive 
grain farming, this is a loss of about two-tifths as much phos
phoric acid, a quarter as much potash, and a sixth as much 
nitrogen. 

When mixed grain and general farming is followed the 
reserve fertility of the soil, with good cultivation, is capable 
of withstanding this loss of mineral matter from the soil for a 
number of years. The growing of grass, and the application 
of farm manure keeps the plant food of the soil in available 
forms. 

About half the amount of grain is sold as in the previous 
case of all grain farming. In place of the other half of the 
grain, finished products, as butter, mutton and pork, are pro
duced and sold, with an average saving of three quarters of the 
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total fertility, when compared with exclusive grain farming, 
while the reserve fertility of the soil has been put in even. 
better condition. 

TABLE NO. XXV.-Mixed Grain and General Farming. 

SOLD FROM FARM. 

TOTAL POUNDS OF 

Wheat, 40 acres... .. ........................ · 1 
Oats, 10 acres ............................... .. 
Barley. 5 acres .............................. .. 

Pbos.Acld Potash. Nitrogen. I 
475 320 1,000 
125 90 380 

80 50 175 

~rae~V~g;:s: ·:: :: :::: :::: .: .. :::: :::::::: :::: 
90 60 200 
32 22 120 

2 steers and young stock..... .. .. .. . .. .. .. 
lOsheep ................................... . 

70 5 80 
20 3 40 

1,500 pounds of butter ...................... .. 
50 bushels of potatoes ...................... .. 
8 bogs. 250 lbs. each ......................... .. 

l 1 1 
6 30 13 

18 3 40 
-------- -----

Total. .................................... .. 907 584 2,049 

REMOVED FROM SOIL A:SD CONSUMED AS FOOD ON FARM. 

Oats, 10 acres ................................ .. 
Barley, 5 acres ............................ .. 
Timothy. 20 tons . .. .. .. . . .. .. . ............ .. 
Clover, 20 tons ............................... .. 
Straw, 80 tons ............................... . 
Corn, 5 acres ... ............................... . 
Peas, 1 acre .................................. .. 
Millet, l acre ............................... . 
Potatoes, 1 acre ............................. .. 

125 
80 

250 
270 
400 
75 
35 
15 
20 

90 
50 

550 
600 

1,050 
~00 
90 
60 
75 

380 
175 
600 

1.000 
800 
500 
90 
50 
40 

Mineral 
Matter. 

. 1,000 
510 
250 
225 
74 
90 
40 
15 
45 
20 ----

2,269 

510 
250 

3.000 
2,600 
9,600 

900 
300 
120 
120 

Total................. ................. .... 1,270 2,705 3.63fi 17,400 
Eighty per cent returned as manure.:.... __ 1,016 --=~ _ _:::~,-~,920 
Lost in food consumed on farm............. 254 553 727 3,480 

FOOD PURCHASED. 

Bran, 2 tons ................................. .. 120 65 110 240 
Screenings, 1 ton ............................ .. 
Oil meal, 7i ton ............................. .. 

30 18 42 60 
8 7 30 30 

-------------
Total. .................................... .. 158 90 182 330 

Total sold from farm ....................... . 
Lost in food consnmed on farm ............ .. 

907 584 2,049 2,269 
254 553 727 l!.480 

---· --- -------
Total. .................................... .. 
Retnrned in food purchased .......... .. 

1,161 1,137 2,776 5,749 
158 90 182 330 

------------
Approximate loss from soil ................. . 1,003 1,047 (2,594) 5,419 

Type III. Mixed Potato and General Farming.-With this 
system of farming, about forty acres of the grain are replaced 
by potatoes. In other respects the farm is managed in 
about the same general way as the preceding example. 
Seven cows, four head of young stock, four horses, two steers, 
twelve sheep, and nine hogs are kept on the farm. About 
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forty acres are sown to grain, fifteen of which are sold. The 
remainder of the farm is given over to meadow and pasture, 
growing of seed potatoes and also to getting the land in shape, 
through a sod crop, for the following potato crop. '(Less grain 
is sold than in the preceding example, and consequently less 
milled products are purchased. 

WP.en mixed potato and general farming is followed, under 
the conditions as stated, there is an annual loss, from a farm of 
one hundred and sixty acres, of about a thousand pounds of 
phosphoric acid, eight hundred pounds of nitrogen, after 
deducting the grain from the clover nitrogen. and nearly two 
thousand five hundred pounds of potash. 

Compared with mixed grain and general farming the losses 
of the phosphoric acid are about the same, the potash is greater 
and the nitrogen is less with the potato and general farming. 

When the potatoes are raised on a loam soil with a clay sub
soil rich in potash, the loss of potash from the soil will not be 
felt for some time to come, provided that clover and other 
deeper feeding grass crops are raised so as to enrich the surface 
soil with the subsoil potash. The clay subsoils are usually rich 
in potash and are capable of withstanding comparatively 
heavy drafts, provided they are made in the proper way. The 
humus compounds take an important part in keeping up the 
available supply of potash for the potato crop. The reader is 
referred to previous pages for further information regarding 
this subject. 

The drafts upon the soil in potato farming are the heaviest 
upon the potash, and least upon the phosphoric acid. Provided 
a sufficient amount of clover is grown, the loss of nitrogen is 
not so serious a question, 

.. 



73 

TABLE NO. XXVI.-Mixed Potato and General Farming. 

SOLD FROM FARM. 

Potatoes, 6.000 bushels .... J.r~ -~·-· .. .. 
Butter l,OOOpounds ........................ .. 
8 Hogs, 250 pounds each ................... .. 
2 Steers and young stock .................. .. 
lO!'heep .................................... .. 
10 Acres of oats ............................ .. 
5 Acres of barley .......................... .. 

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

Phos.ac!d. 

600 
1 

18 
70 
20 

125 
80 

914 

TOTAL POUNDS OF 

Potash. 

2,250 
1 
3 
5 
3 

90 
50 

2,402 

Nitrogen. 

1,200 
1 

40 
80 
40 

380 
175 

1,916 

Mineral 
matter. 

3,600 
5 

25 
90 
40 

510 
250 

4,520 

REMOVED FROM SOIL AND OONSUMED ON FARM. 

Clover, 15 tons .............................. .. 
Timothy, 15 tons ........................... .. 
Straw, 40 tons ............................. .. 
Potatoes, 150 bushels ...................... .. 
Oat.s, 10 acres ............................. .. 
Barley.1.0 acres ........................... .. 
Peas, 1 acre ........... ;.,, .................. .. 
Corn,5 acres ....................... , ....... . 
Mlilet, 1 a.ere ............................. .. 

180 
175 
200 
20 

125 
160 
35 
75 
15 

410 
425 
500 
75 

lGO 
90 
90 

200 
60 

750 
450 
400 
40 

380 
350 

!JO 
500 
50 -------- ____ , 

2,200 
2,400 
4,800 

120 
510 
500 
300 
900 
120 

Total.... .. . .... .. .. .. .. .. .. .. .. .. .. .. .. .. 985 1,950 3,010 11,850 
Eighty per cent returned as manure...... 788 1,560 2,408 9,480 ----------------
Lost In food consumed on farm ............ 1 197 390 602 2,370 

FUEL AND FOOD PURCHASED. 

Bran, 1 ton .................................. . 
Hard wood, 5 cords .. .. . .. .. .. .. .. .. ..... .. 

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

60 32 I 55 120 
60 325 700 

-------- --------
120 357 55 820 

Total sold from farm .................. .. 914 2,402 1,916 4,520 
Lost In food consumed on farm .......... .. 197 390 602 2,370 

---- ·------------
Total ................................... . 

Returned in fuel and food purchased .... . 
1,111 2,792 2,518 6,890 

120 357 55 820 
----- --------

Approximate loss from s01l .............. .. 991 2.4~5 (2,363) 6.070 

Type IV. Stock Farming-Ten beef cows, ten dairy cows, 
ten horses, five steers, ten head of young stock, thirty sheep 
and twenty hogs are kept. No grain is sold. Twenty acres 
of the farm are sown to oats, twenty to badey, ten to corn, 
and five to peas. Five acres of oat hay are raised for soiling 
purposes, if necessary; one acre ·of potatoes and one of millet 
are also raised. The remainder of the farm is in meadow and 
pasture. The sales and the food purchased are stated in the 
table. The remarks made in regard to the losses in the 
manure from the food consumed on the farm for dairy farming 
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hold equally true for stock farming. The actual losses are 
less than those stated in the table. 

From the table, there appears to be a small gain of phos
phoric acid, and a loss of potash. For the reasons stated 
above, it is safe to say that there are no losses from the soil 
with this system of farming. 

The large amount of manure returned to the soil, when 
farming of this nature is followed, occasionally stimulates the 
soil to such an extent as to render grain raising a very difficult 
matter. In such cases relief is generally secured by growing 
more corn, applying heavy dressings of manure to the corn, 
and then following with a grain crop. In this way the grain 
crop is indirectly manured, and the evil effects of rank growth 
of straw avoided. Unless the manure is properly decomposed, 
it may cause serious trouble in a droughty season by making 
the soil too open and porous. 

When stock farming is followed, and all of the grain raised 
on the farm is consumed as food, and a small amount of milled 
products or other food purchased, there is no loss of fertility 
from the farm, but in most cases there is a gradual gain. The 
loss of nitrogen is more than balanced by the gain from the 
growing of clover. 

Exclusive stock farming or dairy farming is not necessary to 
keep a farm in a good state of fertility. They are, however, 
the two types which cause the least loss of fertility from the 
soil. In the types rt1presented by mixed grain and general 
farming, and also potato and general farming, the reserve 
fertility of the soil is kept in good condition. In both of these 
types grains are grown and sold from the farm, and the soil is 
kept in a good state of productiveness. While in the case of 
exclusive grain farming, for a number of years, there is a 
gradual decline in productiveness. 
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ABLE NO. XXVII.-Stock Farming. 

SOLD FROM FARM. 

Phos acid. Potash. Nitrogen. Mineral 
matter. 

5 steers, t,000 pounds each .................. . 
5 head young stock .......................... . 
5 horses .................................... . 

95 10 120 300 
95 8 100 250 
70 8 125 260 

JO hogs, 250 pounds each ..................... . 
20 sheep ....................................... . 
t,500 pounds butter ......................... . 

20 5 50 80 
40 10 70 80 
1 t 1 5 -------------

Total ..................................... . 321 42 466 975 

R,EMOVED FROM SOIL AND CONSUMED AS FOOD ON FARM. 

Timothy hay, 40 tons ...................... .. 
Clover, 30 tons .............................. . 
Oats, 20 acres...... . ......................... . 
Barley. 20 acres ............................. . 
Corn, 10 acres.. . . . . .. .. . . . . . .. .. . . . . . .. . . .. . 
Oat hay, 5 acres ............................ . 
Peas, 5 acres... . . .. . ........................ .. 
Millet, 1 acre .. .. . . . . .. . . . . . .. . . . . .. . ...... . 

500 1,100 1,200 6,000 
360 820 1,500 4,400 
270 190 775 1,100 
320 180 700 1,000 
150 300 800 1,800 
110 325 350 1,500 
175 450 450 1,500 
15 60 50 120 

Po ta toes, 1 acre .............................. . 20 75 40 120 
Straw, 40 tons ..............•................. 200 500 400 4,800 

--------
1'otal. ..................................... . 

Eighty per cent returned as manure ...... . 
2.120 3,900 6,265 22,240 
1,606 3,120 5,012 17,792 

------·-------
Lost in food consumed on farm ........ . 424 780 1,253 4,448 

FOOD AND FUEL PURCHASED. 

Bran, 3 tons ................................ .. 180 100 165 1160 
Shorts, 3 tons...... . • . . . . . . . . .. . . . . . . . ...... .. 120 60 150 220 
Screening, 3 tons ............................. . 
Oil meal, 2 tons ............................. .. 

90 54 126 180 
30 24 100 120 

Bard wood, 5 cords ....................... . 
Cockle bran, 7 tons ..................... .' .... . 

60 325 ·······280'' 700 
300 200 600 

------------
Total. ..................................... . 780 763 821 2,180 

Sold from farm .............................. . 321 42 466 975 
Lost In food consumed on farm ............ . 424 780 1,253 4,448 

------------
Total .................................. . 
In food and fuel purchased ............. . 

745 822 1,719 5,423 
780 763 821 2,180 

------------
Approximate loss ............................ . 35 gain 59 898 3,243 

Type V. Dairy Farming.-Thirty cows, five head of young 
stock, four horses, and twenty pigs constitute the live stock 
kept on the farm. The crops raised are about as follows: 
ten acres of wheat, twenty-five bushels per acre; twenty acres 
of oats, §ftl bushels per'aere; one acre of millet, one acre of 
potatoes, two acres of roots, two acres of peas, ten acres of 
fodder corn, and five acres of oat hay for soiling, if necessary. 
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Twenty-five tons of both clover .and timothy are cut. The rest 
of the farm is given over mainly to pastur.e. 

The sales from the farm are approximataly: all of the 
wheat and rye, sixteen pigs, weighing two hundred and fifty 
pounds each, two head of cattle and five thousand pounds of 
butter. The food purchased mainly from the sales of the wheat 
and rye are: seven tons of bran, seven tons of shorts, and two 
tons of oil meal. . Five cords of hard wood are burned as fuel, 
anC. the ashes are all saved and spread on the land with the 
manure. The outgo and income of the various fertilizer ele
ments from the farm are given in table XX VIII. 

When dairy farming is followed under the conditions as 
stated there is no- loss of fertility from the soil, but rather a 
gain. There is practically no loss of fertility in the butter 
that is sold, while the food that is purchased is more con
centrated in fertility than the grain that was sold. The only 
sources of loss of fertility where the skim milk and the food 
raised are both fed on the farm, is in the handling of the man
ure. When the manure is handled in larger quantities, as in 
dairy farming, there is not so great a loss as when smaller 
quantities are handled. Hence the losses in the manure from 
the food consumed on the farm are less than are given in the 
table. The gain of nitrogen through the growing of clover 
will more than offset the nitrogen item. 

Hence in dairy farming, when a part of the grain is ex
changed for cheaper milled products, the skim milk fed on 
the farm, and clover is grown, there is no loss of fertility 
from the soil, but rather a constant gain. 
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TABLE NO. XXVIII.-Dairy Farming. 

SOLD FROM FARM, 

TOTAL POUNDS OF 

5,000 pounds of butter .... , ................ . 
16 pigs( 250 pounds each ................. . 
4 beau young stock .................... . 

10 acres of wheat.. .. ................ .. 
7 acres of rye ............................ . 

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

Pbos.acid., Potash. Nitrogen. Min!1:i,~\er 

5 5 5 • 

1~~ 1~& I 3ig I ! 90 60 200 225 

-3[;.7" --182 -760 -- 765 

REMOVED FROM SorL AND CONSUMED AS Foon ON FARM. 

Timothy, 20 tons ........................... . 
Clover. 20 tons .............................. . 
Straw, 40 tons .............................. . 

250 550 600 3,000 
270 600 1000 2,600 
200 500 400 4.800 

Corn, 10 acres ............................... . 
Peas, 2 acres . . . . . .. .. . . . . . . . . . .. . .. . . . .. . . . 

150 400 800 1,800 
70 180 180 600 

Millet, 1 acre .............................. .. 
Roots. 2 acres .............................. .. 

15 60 50 120 
40 175 100 275 

Oats, 20 acres ............................ . 
Barley, 15 acres ............................. . 
Oat hay, 5 acres ........................... . 
Potatoes, 1 acre ........................... . 

270 llJO 775 1.100 
240 150 425 750 
110 1!25 350 1,500 

20 75 40 120 
---- ---- -------

Total .................................... . l,635 3,205 !.720 16,665 
Eighty per cent. returned in manure ... .. l,1!08 2,564 3.776 13,332 

------- -------
Lost in feed consumed on farm .......... ~· 327 641 94! 3,333 

FUEL AND FOOD PURCHASED. 

Bran, 7 tons .............................. .. 
Shorts, 7 tons .. . . . . . . . .. . . . . . .. . . .......... . 
Hard wood; 5 cords .. . . .. . . . . .. . . . . . . ...... . 
on meal, 2 tons............ .. ............ .. 

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

Total sold from farm ...................... . 
Lost in food consumed on farm ........ , ... 

Total ................................... . 
Returned in fuel and food purchased ... .. 

Approximate loss and gain from farm .. .. 

420 
250 
60 
60 

790 

387 
327 

240 
125 
325 
48 

738 

182 
641 

375 
320 

200 

895 

760 
944 

840 
500 
700 
240 

2,280 

76il 3,333 
1---- -------- -----

714 823 I 1. 704 4.098 
790 738 895 2,280 ---- --·-- --------

76 gain 85 lost (809) 1,818 
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COMPARISON OF ALL OF THE TYPES 

7Y1e I -4 n Gra.in Tarmi n 

-~~~~W.1.1.J.Ll..UJ..l..w.w:W::W&.1 fl i tr of en o2. 6 tJtJ+ l iJS 
Ph o.s .. Jlci d I ooo " 
Pota.s/z. 1000+ 11 

!J1elll )!;lied Potdfo and .6e11er11l finllinl 

rutrogen .,2,Joo+/hs. 
P/los.~cid /ooo"'" '' 
Pot d.S h .,g Lj.oo+ 11 

Ty,;0e IV StocK Farminz 
~ ............ ,_ 

11 i fro tfe h yo o lbs. 
PA os. c~ c i d~*stJ ,, 
Pot d s Jz, ta " 

~-~~yjJe .V lJa,iry Tarmin( 
17 i frof;e n t'oo ll>s .. 
PAos.rlci·d*l.f ." 

. Po ta. s Ji !. 5' (/ * kd.ihJ. 
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The figures given in the table are not intended to convey 
the idea that an equivalent amount of each element must always 
be returned to the soil, but they are intended to show where 
the heaviest drafts fall upon the soil with each system of 
farming. 

In making comparisons, the variations which are liable to 
occur should be kept in mind. In exclusive grain farming 
the loss of the nitrogen is greater than given, because when 
the soil is continually uncovered by the cultivation of plowed 
crops, some of the nitrogen is lost by drainage and by the 
decomposition of the humus. When clover is grown in the 
other systems of farming, the loss of the nitrogen is less than 
stated. In the illustration this is represented by a part of the 
nitrogen being set off with cross lines. 

, The annual loss of phosphoric acid, with exclusive grain 
farming is nearly two thousand five hundred pounds per hun
dred and sixty acres. With mixed grain or potato farming this 
loss is reduced to about one thousand pounds. 

With stock farming, when all of the crops are fed to the 
stock on the farm, and a small amount of milled products is 
purchased, there is practically no loss of phosphoric acid and 
potash except in the handling of the manure. When the 
manure is well cared for, the losses of these elements are both 
less than stated in the tables and figure. 

In the case of dairy farming, or stock farming, when all of 
the skim milk is fed on the farm, and a part of tbe grain is 
exchanged for more concentrated milled products, there is no 
loss, but on the other hand a constant gain of fertility to the 
soil. 
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