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EFFEcrrs OF rrHE RO'l1ATION OF CROPS UPON THE. 
HL\IUS COX'rEXT AXD rrHE FERTILITY 

OF SOILS. 

HARRY SXYDER. 

In the spring of 1892, a field that had been cultivated 
about forty years to small grains, was divided into six plots. 
The soil was in a fair condition as to fertility but had been 
somewhat exhausted by continuous ·wheat cropping. It 
was the plan to seewhatcouldbeclone to improve such a soil 
by a simple rotation of crops, and the use of farm manure. 

The first year, 1892, all of the plots ·were sown to ·wheat 
in order to determine whether the soils were uniform in crop 
producing power. The plots \Yere found to be quite uniform, 
the greatest difference in yield between any two plots being 
1.10 bushels of wheat per acre. 

Before beginning the experiment,samples of soil were taken 
from each of the plots in the following way: Three points 
were selected in each plot. Within a radius of 20 feet from 
each of these points fiye samples of soil were taken with a 
post hole auger, to a depth of nine inches. All of these small 
samples were placed in a large box and thoroughly mixed 
and then the sample for analysis was taken from the mixed 
lot of small samples. 

The plan of the experiment was to grow wheat, corn, oats, 
and barley continuously on four of the plots, and on two of 
the plots to raise these same crops in rotation with clover 
and manure. The crops raised on each plot were sampled 
and analyzed, and analyses were made of the soil before and 
after the experiment. 

It is to be observed that on four of the plots there \Yere 
no humus-forming materials added to the soil, while on two 
of the pl0ts humus-forming materials were added. 

The plots selected for these trials were quite uniform in 
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both chemical compo~ition and crop producing power. No 
commercial fertilizers had eyer been used. Prior to the 
wheat crop in 1892 corn had been grown. The land was 
\vell drained and in good mechanical condition. Plots 1, 2 
and 3 were 4 rods by 5 rods, while plots 4, 5 and 6 \vere 2 
rods by 5 rods. Each plot was separated from the next plot 
by a strip six feet wide. The plots were seeded to the centre 
of this six-foot strip, and at harYest time the outer edge of 
three feet aronnd each plot, was cut away; this was done to 
m·oid irregularities due to imperfect seeding and to the im
perfect growth of the crop around the edges. 

On plot Ko. 1, wheat was grown continuously. On plot 
Ko. 2, wheat was grown in 1893, and cloyer was sown with 
the ·wheat; a crop of clover \Vas harvested in 1894. In the 
fall of 1894 the clm·er sod was plowed under, and the next 
year a crop of wheat was grown and in 1896 a crop of oats. 
It is the plan to apply manure at this point and produce a 
crop of corn, and to follow the corn with wheat and clover, 
the complete rotation being: (1) Wheat and cloYer, (2) 
clover, (3) wheat, (4) oats, (S) corn and manure. 

Plot No. 3. After the wheat crop in 1892, oats were 
grown, and cloyer was seeded with the oats, and in 1894, a 
crop of clover was harvested. The clover sod was fall 
plowed and the next year barley was grown. After the 
barley crop the plot receiYed 1200 pounds of manure, and 
the next year was seeded to corn, the complete rotation 
being: (1) Oats (and cloYer), (2) clover,(3) barley, (4) corn 
and manure. 

On plot No. 4, con1 is being grown continuously, while 
plots Nos. 5 and 6 produce oats and barley continuously. 

Wheat 
I Continu

ously. 

i Rotation. I Rotation. 

I-·---·----
\ Wheat l1 Oats 
I (Clover) / (Clover.) 

1

1

3

2 Clover. 12 Clover. 

·wheat. 3 Barley. 

1

4

5 

Oats. 

Corn and 
Manure 

4 Corn and 
Manure. 

Corn. Oats. Barley. 

- Continuously-



THE LOSS OF "NITHOGEN. :1 

Before considering some of the chemical changes which 
have taken place in the soil, the yields per acre from the dif
ferent plots will be brieflv stated. 

PLOT 1. 

I 
1893 

I 
Wheat 

1894 
I 

\Yheat 

1895 
I 

Wheat 

l~ft() I Wheat 
I 
PLOT 4. 

18\!3 Corn 

1894 ' Corn 

18H5 Corn 

1896 Corn 

I

Bu. per1 1 

Acre 1 

12.3 

8.9 

17.3 

14.1 
11 

ii 
[)() 

11 

33~3 

I 75.5 :I 
' 

-i4.4 Ii 

TABLE NO. 1. 

PLOT 2. 

1893 I 
Wheat 

1894 I Clover 
1Ih-.) 

1895 Wheat 

1896 Oats 

PLOT 5. 

1893 Oats 

1894 Oats 

1895 Outs 

1896 Oats 

IBu. per!I 
Acre 

13.7 

4320. 

22. 

311,.~ 

1893 

1894 

1895 

1896 

PLOT 3. 

Oats 

Clover 
(lbs.) 

Barley 

C0rn 

Ii PLOT 6. 

]! 
4:21/2 ,I 189:! Barley 

I 27 
!I 

1894 ! Barley 

54,l 

\i 

1895 Barley 

31 1896 Barley 

1Bu. per 
Acre 

I 
461 . ._ 

2360. 

421;2 

66.7 

I 
I 
! ~R 

18~..12 

l 39 

I 35":: 

[1'oTE--ln 1894 there was less than ,2 inch rainfall from May 18 to Sept. 12.] 

The Loss of Nitrogen.-In dis,cussing the losses from the 
soil during these rotations, particular attention is given to 
the nitrogen because it is the most important element for 
grain production. It is an element that is capable of being 
lost from the soil more rapidl.'· than any other element. It 
is the only element thatis capable of being increased without 
the addition of some kind of fertilizer. The method for the 
determination of the total nitrogen is \'ery accurate, which 
admits of a more general application of the results. 

In these inYestigations four determinations of nitrogen 
were made with each sample. The original soils were 
analyzed at the time of sampling, kept in sealed bottles, and 
analyzed again along with the samples taken at the close of 
the rotation. Forty grams of soil were taken for each 
determination. 

There is no element of the soil that requires more careful 
consideration at the present time than theelement, nitrogen. 
Itis the most expensive of all the elements. When purchased 
in the form of commercial fertilizers, it costs from 12 to 17 
cents per pound. 



-! THE LOSS OF I\ITHOGEN. 

The reason why the nitrogen of the soil decreas.::s so rapid
ly is because it readily breaks loose from the humus (decay
ing vegetable and animal matter) with which it is combined 
and when separated from the humus it forms either gaseous 
products, like ammonia, or compounds known as nitrates, 
which are washed out of the soils by rains, or the nitrates 
may be lost by the workings of organisms which liberate 
the ni:trogen as a gas. 

In discussing these rotations it is 110t the intention to con
yey the idea that those giYen are the best that could be fol
lowed. This can be determined only after a long series ofex
periments upon ·different types of soil. Experiments relating 
to the various problems connected \vith the rotation of 
~rops are now in progress at the Experiment Station. 

The Loss of Nitrogen h_1· Continuous Wheat Raising-In 
plots Nos. 1 and 2 there was originally present in the soil 
.221 per cent of nitrogen, equi\·alent to 5,400 lbs. of nitro
gen per acre to a depth of 9 inches. After four years contin
uous cropping to wheat, plot Ko. 1 yielded .193 per cent of 
nitrogen, a loss of .028 per cent, equivalent to an annual 
loss of 171 lbs. of nitrogen per acre. The amount of nitrogen 
removed in the crops during the four years amounted to 98 
lbs. The difference between the amount lost from the soil 
and the amount removed in the crop \Vas 146 lbs. per year. 
This nitrogen was lost by the oxidation of the humus, by 
denitrificatioh, mechanically, by wind storms, and through 
the loss of nitrates by drainage. It is to be obsernd that 
for every pound of nitrogen removed in the wheat crop there 
has been a loss of over 5 lbs. of nit~·ogen from the soil. 

In continuous wheat raising, without rotations or the 
use of manures, the decline in crop producing poweriscaused 
mainly by the excessive losses of nitrogen, not entirely on ac
count of the nitrogen rem<werl by the crop but because of the 
destruction of the humus. \\'hen the nitrogen is combined 
with the humus it is in a stable form. but as soon as the hu
mus is destroyed the nitrogen is co1werted into gaseous and 
other forms which are readily lost. The continuous cultiYa
tion of small grains is particularly favorable to the destruc· 
ti on of both the hum us and then itrogen. The crop is unable to 
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utilize all of the nitrogen that is liberated by the lffeaking 
down of the humus. This change takes place during nearly 
eight months of the year, while the spring wheat crop takes 
its nitrogen from the soil in the spring and earl_,. smmner 
when there is less decomposition of the humus taking place 
than later in the year. The wheat crop is placed at a dis
adYantage in obtaining its nitrogen. As shown in Bullecin 
Ko. 29, this station, the ·wheat plant takes over 85 per cent. 
of its nitrogen from the soil during the first fifty clays of 
grff\Yth. The available nitrogen, as it is called, which is 
formed from the breaking dmvn of the humus, if not utilized 
by a crop, is easily lost. Inasmuch as there is only this short 
period of fifty days when the nitrogen is mainly utilized hy 
the wheat crop, \Yhile the breaking down of the humus goes 
on during seven or eight months of the year, it is easy to un
derstand why there is such a heayy loss of nitrogen when a 
grain crop is raised continuously as on this plot. 

• The Gain of Nitrogen D11ring a Rotation.-In plot Ko. 2 
where cloYer has been grown in a rotation, there has been a 
gain of nitrogen. Originally the soil contained .221 per 
cent nitrogen. .-\ t the encl of the rotation there was .281 
per cent nitrogen present in the soil. On this plot clover 
\Vas grown, and the second growth of cloYer \vas plowed 
under for green manure. The total nitrogen remoYed in the 
crops amounted to 178 pounds. Xotwithstanding the fact 
that larger crops haYe been gro\n1 on this plot than on 
number 1 there has heen a gain of 245 pounds of nitrqgen 
in the four years' rotation, in addition to the nitrogen re
moved in the crops. This nitrogen, it is belieyed, has been 
gained largely by the cloYer from the free nitrogen of the air. 
Compared with plot number 1, this plot, after prociucin g 
larger crops, contains much more nitrogen per acre; that is. 
\vhen a rotation was followed, in which cloyer formed an 
important part, instead of a loss of nitrogen there \vas a 
gam. 

In this rotation wheat was grown twice in five years. 
\Yith the first wheat crop clover \Vas sown. An unusually 
good catch was obtained, and the next year the first cutting 
·Of cloYer yielded O\·er two tons per acre. The second crop, 
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which was nearly as heavy, was plowed under. The first 
year of the rotation, after the wheat was .cut, the land, in
stead of being left bare, \Yas covered with a good growth of 
clover, which not only prevented the loss of nitrogen and 
humus but added these valuable materials to the soil. When 
oats were grown in this rotation there was no material dif
ference in yield from plot 5 where they were grown continu
ously. As is well kno\Yn both oats and barley are not so 
delicate in feeding pO\Yers as wheat, and the soil had not 
been reduced below the point of good oat and barley pro
duction, as it had below the point of good wheat produc
tion. 

It is to be observed, howeYer, that when wheat followed 
clover the yield was five bushels more per acre than when 
wheat followed wheat, as in plot 1. The value of a good rota
tion is exemplified in this experiment where the yields per acre 
have been increased, and at the same time both the humus 
and the nitrogen have been increased. 

On plot 3 a rotation somewhat similar to the one on 
plot 2 was follov;ed. The first vear clover was seeded with 
oats instead of with wheat as in number 2. The clover 
did not do so \Yell as when seeded with the wheat; about a 
ton per acre less of clover \\'as obtained from this plot. The 
second crop of clover was correspondingly light. In this ro
tation, where corn followed the second year after the clover, 
and received a light dressing of manure, a yield of 17 bushels 
per acre more of corn was obtained than when corn was 
grown cc•ntinuously as on plot .J.. 

The soil of this plot originally contained .211 per cent of 
nitrogen. At the close of the rotation it contained .218 per 
cent of nitrogen. The amount of nitrogen removed in the 
crops during the four years amounted to 204 pounds. 
The gain in nitrogen has been at the rate of about 40 
pounds per acre. The poorer stand of clover probably 
accounts for the smaller gain of nitrogen than in plot num
ber 2. Had wheat been grown in this rotation instead 
of barley, there would, undoubtedly, have been a better 
return per acre. 
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The Loss of Nitrogen When Corn, Oats or Barley is 
Grown Conti11uousl_1·.-0n plot No. 4 corn was grown con
tinuously. The average yield per acre for the four years 
was 50.8 bushels. The soil originally contained .211 per 
cent nitrogen. After raising four corn crops the soil con
tained .197 per cent nitrogen, making a loss of 340 pounds. 

·The nitrogen removed in the four corn crops amounted to 
225 pounds, making an average loss of nearly 29 pounds of 
nitrogen per year not removed in the crop. Compared with 
the continuous wheat plot the loss of nitrogen from the 
corn plot has been materially less, but the loss is much 
greater than it should be. ).Ianyfannershavc observeclthat 
when wheat follows corn the yield of wheat is increased. 
Although a corn crop takes more nitrogen from the soil than 
a "Wheat crop, the cultivation of the corn crop favors 
nitrification (production of nitrates from humus) and re
sults in leaving more available nitrogen in the soil. Inci
dentally it may be said that growing corn between two 
\Vheat crops is not so hard on the land as bare summer 
fallow. 

On this plot where corn was grown continuously it is to 
be observed that there has been a gradual annual decline of 
about 84 pounds of nitrogen per acre, 55 pounds being 
removed in the crop and about 29 pounds lost in other 
v;avs. 

In plot number 5, where oats were grown continu
ously, there has been a more rapid decline of nitrogen than 
when wheat was gro,vn continuously. During the four 
vears there has been an annual loss of 196 pounds of nitro
gen per acre. On an a\'erage, about 46 pounds of nitrogen 
per acre were removed in the oat crop. This difference of 
150 pounds of nitrogen, between the amount lost from the 
soil and the amount removed in the crop, has been lost by the 
decomposition of the humus and in other ways as pointed 
out in discussing the losses from plot number 1. Although 
thi.s soi.I has lost its nitrogen more rapidly than plot number 
1, the yield per acre has not been affected so noticeably 
because the oat plant is a stronger feeding plant than wheat, 
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and it is capable of obtaining food from the soil where wheat 
would suffer for the want of food. 

\Vhen barley was gro-wn contmuously, on plot number 
6, the total loss of nitrogen from the soil was about the 
same as from plot 5, where oats were grown continuously. 
The soil of this plot originally contained .211 per cent nitro
gen; after four years of barley, the soil contained .177 per 
cent nitrogen, equivalent to a loss of over 800 pounds of 
nitrogen in four years. The crop has removed about 30 
pounds of nitrogen per year. ·when barley was grown con
tinuously there was an annual loss of 170 pounds of nitro
gen per acre in addition to the nitrogen remoYed in the crop. 

The Increase and Decrease ofHumus During the Rotntions. 
-There has been a fluctuation of the humus content of the 
soil similar to the fluctuation of the nitrogen. Before the 
rotations, there was an ayerage of about 3.30 per cent 
humus (decayed vegetable and animal matter), and 7.68 per 
cent of total volatile matter. At the close of the rotation 
periods the amounts of humus and volatile matter were as 
follo·ws: 

TABLE No. II-Loss and Gain or Humus. 

Humus Gain+ Total Ga.in ! Per Cent. Lo~s * Volatile Loss 
Per Cent. 

Plot I. Wheat .conti'usly ... 1 3.00 *.30 7.48 *.20 

Plot II. Rotat10n ...... ········i 3.80 f.50 R.05 t.37 

Plot III. ···············/ 3.50 t.20 7.83 t.15 

Plot IV. Corn continu'sly.i 3.10 *.20 7.26 *.42 

Plot V. Oats 

I 

3.08 *.22 7.04 *.54 

Plot VI. Barley 3.10 *.20 13.87 *.81 

In plot number 1 the loss of .30 per cent humus in four 
years is equiYalent to a loss of 7300 pounds of humus. With 
continuous wheat raising there has been an annual loss of 
1800pounds of humus per acre. The losses from continuous 
corn, oats and barley cultivation ha Ye amounted to about 
1500 pounds of humus per year. 
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In the rotation plots, instead of a loss of humus there 
has been a gain. In plot number three the gain of humus 
was equivalent to about 1500 pounds per acre. 

The loss of humus from plots Nos. 1, 4, 5, and 6 has 
materially affected the physical qualities of the soil. Soil 
number one is a number of shades lighter than either num
bers two or three. Number two is the darkest in the color. 
It would hardly be supposed that the loss of humus would 
affect the color of the soil. ·when the soils are arranged in 
order of color, numbers one, four, five and six are all about 
the same shade. Number three is materially darker, while 
number two is the darkest of all. Fanners who have seen 
the soils upon trays in the laboratory have i1wariably ar
ranged them, as to color, in the order given. 

There has also been a slight change in the weight of the 
soil. Originally the soils weighed about 75 lbs. per cubic 
foot. The ·weights per cubic foot at the close of the rotation 
were: No. 1, 76.9 lt)s.; No. 2, 72 lbs.; No. 3, 74 lbs.; No.-±, 
77.8 lbs.; No. 5, 76.9 lbs.; Ko. 6, 76.3 lbs. With the loss in 
humus it is to be observed that there has been a gradual in
crease in the weight per cubic foot of the soil. 

In addition to the \\'eight per cubic foot, and the color, 
there are other important physical changes which have 
occurred. The capacity for holding and retaining water has 
been affected. Determinations of moisture made during the 
growing season almost i1wariahly gave a higher per cent of 
"\vater from the rotation plots than from the plots where the 
gains have been grown continuously. This part of the sub
ject is now under i1wcstiga ti on and \vill be discussed in a 
future bulletin. 

Rate of Oxidntion of the H1111111s.-The losses of nitrogen 
from different kinds of soil undouhtedlyvary to some extent. 
The greatest loss occurs \\·hen soils are rich in nitrogen, and 
the losses are proportionately less in soils which are poor in 
nitrogen. There is a tendency toward the establishment of 
an equilibrium as to the nitrogen content of soils. \Yhen a 
prairie soil is first brought m_1cler cultivation. t~e oxidation 
of the humus takes place rapidly. After the s01ls have been 
cultivated, and contain less humus, the oxidation of the 
humus goes on more slo\vly. 
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The figures given in this bulletin for the losses of nitro
gen are probably much less than are the losses from many 
of the soils of the state that have been under cultivation for 
a shorter time, while for soils which are poorer in nitrogen 
than the experiment station soil, these figures are probably 
too high. It is with the new soils where the heaviest losses 
of nitrogen occur. Although the loss of nitrogen during the 
first ±ew years is ~ot felt, in time it \vill he severely felt. 

Summer Fallo1Fing Cnuses a Loss of both Humus and 
Nitrogen.-The practice of bare summer fallowing has been 
the cause of the unnecessary loss of nitrogen from many 
soils. Summer fallowing is practiced with the intention of 
increasing the yield of the crop which is to follo\v. The yield 
is increased, but it is at the expense of a loss of nitrogen. 
Summer fallowing leaves the soil in a good condition for 
nitrification to take place. The humus is used up more 
rapidly than if there were a crop on the land. The follo,ving 
crop is increased because there has been a larger portion of 
the humus broken down which has furnished available nitro
gen for the next crop. ·while this change of the J.1itr0gen 
from humus to available forms is very desirable, it must at 
times be prevented. In summer fallowing too much of the 
nitrogen is changed from the humic to available forms.· The 
following crop can not utilize all of the nitrogen which has 
been liberated, and consequently there is a large per cent lost. 

Adjoining plot ~o.1 a strip of land was summer fallowed 
for hvo years. ·while it is not customary to follo\v two 
years in succession, fallowing is sometimes practiced every 
other year. In the soil before the summer fallowing there 
was present .221 per cent nitrogen, after two years of sum
mer fallowing the soil contained .201 per cent nitrogen. 
While a loss of .02 of a per cent nitrogen does not appear to 
be a heavy one, it is in the aggregate quite large as it 
amounts to 590 pounds of nitrogen per acre. Two wheat 
crops would have removed less than a hundred pounds of 
nitrogen. In order to obtain available nitrogen for a wheat 
crop about five times more than is required is rendered 
available and lost. 
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The losses from summer fallffwing a rich soil are greater 
than from fallowing a poorer soil because the oxidation of 
the humus is so much morerapid in thesoilswellstocked with 
humus. The question of summer fallowing should be care
fully considered before it is practiced extensively because it 
temporarilyincreasestheyielci at the expense of permanently 
reducing the nitrogen content of the soil. 



PRODUCTION OF HUl\IUS FROl\I l\IANURES. 

HARRY SNYDER. 

Nature of the TFork.-In former publications from this 
station, experiments have been reported relating to the value 
of humus and the part which it takes in soil fertility. It has 
been thought best to repeat some of the experiments relating 
to the action of manures upon soils, and to the formation 
of humus from manures, \Vhile it is true that manure, 
green clover, meat scraps, straw, sawdust, or in fact almost 
any animal or vegetable matter, when it decomposes, may 
form humus, it does not necessarily follow that the humus is 
all equally valuable, or that all decomposing materials 
have the same power of uniting with the phosphoric acid 
and potash of the soil to form humates. In order to obtain 
information upon these various points, humus was prepared 
from a number of different materials. 

Humus and Humates.-The animal and vegetable sub
stances present in the soil, in intermediate forms of decom
position, are collectiYely spoken of as humus. Humus is a 
very complex material, composed of a large number of 
separate compounds about which but little is actually 
known. The decaying animal and vegetable substances are 
capable of uniting chemically with the potash, phosphoric 
acid and lime of the soil, forming compounds known as 
humates. 

Former TYork Relating to the l'alue of Humus-In former 
experiments, reported in bulletins Xo. 30 and 41, of this sta
tion, humus has been found to be valuable in the following 
ways: 

l. The loss of humus from a soil involves a loss ofnitro~ 
gen, one of the elements composing humus. Nitrogen is one 
of the most valuable elements found in the soil. 

2. The loss of humus from the soil results in decreasing 
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its power of storing up and properly supplying crops with 
water. Soils containing a liberal supply of humus are capa
ble of more effectually withstanding drought than similar 
soils with less humus. 

3. The loss of humus has resulted in a decline in crop 
producing po-wer due, not only to a loss of nitrogen and a 
decreased power of storing up \vater, but due also to a de
crease of available potash and phosphoric acid . 

.J.. \Vhen animal and yegetablc matter, like manure, de
composes, the humus unites with some of the inert potash 
and phosphoric acid of the soil and forms a Yaluable class of 
compounds known as humates. 

o. ).I any crops ha ,-c the power of utilizing, for food 
purposes, the potash and phosphoric acid combined \Vith 
the humus. 

Importance of H11mates.-If it is true that manures may 
unite with the potash, lime and phosphoric acid of the soil 
to form humates, then well prepared farm manure has an 
additional Yalue and its value cannot be estimated on the 
same basis as commercial fertilizers that contain no humus
forming materials. Farm manures are Yaluable, not only 
for the plant food which they contain, but they are also 
valuable because they change the inert plant food of the soil 
into more ayailable forms. Fann manures, by forming 
hurnates, take a very important part in imparting fertility. 

Preparing the Hmnates.-The humates were prepared 
in the following general way: A weighed quantity of soil 
was mixed with a weighed quantity of green clover, then 
placed in a box and allowed to ferment and undergo humus 
formation for a year. The material in the box was pro
tected from mechanical losses and leaching. The soil was 
practically free from humus. Analyses were made of both 
the soil, and the material used for humus production. After 
the humification process had been carried on for a year the 
material was weighed and analyzed. From the weight and 
composition of the materials, both before and after the pro
cess, the amounts of potash and phosphoric acid in the form 
ofhumates were determined. In many cases the humus pro
duced contained more phosphoric acid and potash than was 
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originally present in the humus-forming material, plainly 
indicating that some of the phosphoric acid and potash of 
the soil had united with the humus. 

Description of Soil Used in the Experiments.-The soil 
used in these experiments contained only .06 of a per cent of 
humus. It was obtained at a depth of about 20 feet from 
the surface of the ground from an excavation that had been 
made for a building. The soil was composed of about 40 
per cent of fine and very fine sand, 50 per cent of silt, mostly 
fine silt, and nearly 10 per cent of clay-like particles. The 
soil contained 0.52 per cent potash, 0.2G per cent phosphoric 
acid, and 0.90 per cent lime. The soil was in a good mechan
ical condition, and was very similar to many of the prairie 
subsoils of the state, commonly spoken of as clay subsoils. 
Although the amount of plant food present in this soil was 
high, the soil produced only a fe,v sickly plants. The soil 
was what might be termed of good mechanical structure, 
and rich in total plant food, hut not present in available 
forms. Yarious humus-forming materials, as cow manure, 
green clover, sawdust, 1neat scraps, straw, sugar, flour, etc. 
·were used to determine to what extent a chemical union 
with this inert phosphoric acid and potash of the soil could 
be effected. These experiments are giyen in detail. 

Experiment No.1. Humus from Cow J1anure.-Six pounds 
of soil ( 2718 grams) and 1 pound of fresh cow manure 
were thoroughly mixed and placed in a box. The box was 
tight to prevent drainage, and the cover was so constructed 
as to admit air and at the same time keep out foreign mater
ial. The box containing the soil and manure was placed in 
the ground so that the top was just a little above the sur
face of the ground. The box was left in the soil from Aug. 
2, 1895, to Aug. 2, 1896. At the end of the year the soil 
and manure weighed about 614 pounds (2818 grams dry 
matter.) 

The following table gives the composition of the original 
soil, the manure and the final product of soil and manure: 
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TABLE NO. III. 

Or;ginal Soil. Manure. 

Final Product 

Soil and Manure. 

I Per Cent. Per C~nt. Per Cent. 

Total Nitrogen ............ ········I 
llumic Phosphoric Acid ....... 

1 

Humic Potash ....... . 

Ht.ttnus ..................... . 

.02 

.01 

.006 

.OG 

.40 

.201 

.201 

.057 

.045 

.GS 

All of the phosphoric acid and potash of the manure are 
considered as humus-forming materials. The humus repr.:·
sents the soluble organic materials \vhich are extracted with 
a two per cent solution of ammonia, after treating the soil 
with a dilute solution of hydrol'.hloricacid. The humicphos
phoric acid and potash represent the phosphoric acid and 
potash present in the humus extractive material. The fig
ures for the humic phosphoric acid and potash are given as 
percentage amounts of the total soil. 

By multiplying the percentage composition by the total 
weight, the total amount of humic phosphoric acid and pot
ash are obtained. 

TABLE No. IV. 

Humic phosphoric acid .................... I 
Humic potash ................................. . 

Original 
Soil 

and i\Ianure, 
Grams. 

1.17 

1.06 

I 
Final product~ 

of Soil and I 
Manure. 1 

Grams. 

1.62 

1.27 

Gain. 
Gran1s. 

.45 

.21 

In this experiment, one pound of fresh cow manure act
ing on six pounds of soil has resulted in changing nearly half 
a gram of phosphoric acid and a fourth of a gram of potash 
from mineral to humate forms. This is equivalent to a gain 
of over 55 per cent of phosphoric acid and 50 per cent of 
potash. At the same rate a ton of manure would combine 
with about 2.2 pounds of the inert phosphoric acid of the 
soil in one year. 

The humus materials obtained with a dilute potash 
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solution were subjected to a combustion analysis, and were· 
found to have the following ultimate composition, calcu
lated on the basis of the ash free material: 

Per cent. 

Carbon ............... 1 ......................................................... 41.95· 
Hydrogen...................................................................... 6.26-
Nitrogen....................................................................... 6.16. 
Oxygen .................................................................. ,. ...... 45.63 

Total. ....................................... 100.00· 

In a similar experiment, reported in bulletin No. 41, 
when a hundred pounds of soil and twenty pounds of manure 
were allowed to undergo fermentation for one year, the
gains were as follows: 

TABLE NO. V. 

Total Humates 

in Soil 

Originally. 

Grams. 

Potash ................. .................. 7.25 

Soda ...................................... 7.84 

Iron ......................................... 2.44 

:Magnesia ................... ........... .35 

Aluminia ................................. 2.96 

Phosphoric Anhydrid ............. 11.97 

Total Humates in 

Soil, After 12 

Months, Less Hu

mates of Manure. 

Grams. 

9.14 

10.11 

4.13 

.54 

4.64 

13.99 

Gain. 

Grams. 

1.89 

2.27 

1.69 

.19 

1.68 

2.02 

The gain in phosphoric acid was equivalent to seventeen 
per cent, and of potash to twenty-six per cent of the origi
nal amounts present in the soil in humic forms. 

Experiment No. 2. Humus from Green Clover.-ln this. 
experiment, twenty pounds of soil (9060 grams) and a pound 
and a half of fine cut clover (227 grams, dry matter) were 
used. The box containing the mixed soil and clover was 
placed near the box in the first experiment. At the encl of 
the year the hox contained 9137 grams of dry matter. The 
green clover underwent yery rapid fermentation; at the encl 



SECOND EXPERDIENT. 

of the year the 227 grams of dry matter decreased to 77 
grams, a loss of 70 per cent. 

TABLE No. vr. 

Total Nitrogen ............................... .. 

Humic phos. acid ............................ . 

Humic potash ................................ . 

Humus ............................................. . 

Original 
Soil. 

Per Cent. 

.02 

.01 

.006 

.06 

Clover. 

Per Cent. 

3.01 

1.02 

2.0i' 

Soil and 
CloYer. 

Per Cent. 

.U88 

.0.J.1 

.054 

.37 

The grams ofhumic phosphoric acid and potash obtained' 
by multiplying the weight by the percentage composition,. 
are as follows: 

TABLE No. VII. 

I 
Original Soil 
and Clover, 

Grams. 

3.21 Hamic phosphoric acid .................... ! 
Humic potash ............................... . 5.26 

I 

Final Pro
duct of 

Clover, and 
Soil, Gr ams. 

3.7.J. 

4.93 

Gain. 
Grams. 

.53 

.33 (loss). 

In this experiment the pound and a half of green clowr 
acting on twenty pounds of soil have changed about half of a 
gram of the more inert soil's phosphoric acid into the more 
valuable humic forms. At the same rate one ton of green 
clover \Yould change 1.5 pounds of phosphoric acid to humic 
forms. The experiment shows a loss of potash. The green 
cloyerwasveryrichinpotash, and the humus that was formed 
·was not able to hold in chemical combination all of the pot
ash originally present in the plant. The fermentation of the 
green cloYer had been yery rapid and quite complete; it hacl 
probably been carried beyond the point of humic production 
and had reached the point of humic decomposition. 
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The ultimate composition of the green clover humus was 
as follows: 

Per cent. 

Carbon ........................................................................ . 54.22 
3.40 
8.24 

Hydrogen .................................................................... . 
Nitrogen ...................................................................... . 
Oxygen ......................................................................... 34.14 

Total. ....................................... 100.00 

Green clover gives a very concentrated humus, rich in 
nitrogen, phosphoric acid and other elements of plant food. 
·with the exception of the meat scraps, the green clover pro
duced a humus the richest in nitrogen of any of the organic 
materials nsed in these experiments. 

Experiment No. 3. Humus from _/\feat Scraps.-Seven 
pounds of soil (3175 grams) and about 5onnces (150 grams) 
of meat scraps were thoroughly mixed, placed in a box, as 
in the preceding experiments, and exposed for one year, when 
the contents of the box weighed 3270 grams. The com
position of the soil, of the meat, and of the final product of 
so!l and meat are all given in the following table: 

TABLE No. VIII. 

Total Nitrogen .................................. . 

Humic phosphoric acid ...................... . 

Humic potash ................................... . 

Humus ............................................... . 

Original 
Soil. 

.02 

.61 

.006 

.06 

TABLE No. IX. 

1'feat. 

4.10 

.50 

.04 

Final Product of 
Soil and Meat. 

.036 

.011 

.31 

Total amounts in Grams in: 

Humic phosphoric acid ....................... I 
Humic potash .................................... . 

Original 
Soil and 

meat. 

1,07 

.25 

Final Product of 
Soil and Meat 

Scraps. 

1.18 

.36 

Gain. 

.12 

.11 
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• 
In this experiment the five ounces of meat scraps, acting 

on twenty pounds of soil, changed about a tenth of a gram 
of both phosphoric acid and potash into humic forms, which 
is a gain of about ten per cent of phosphoric acid and thirty 
per cent of potash. The humus produced by the meat scraps 
was very concentrated, being particularly rich in nitrogen, 
as the follo"wing proximate analysis will show: 

Per cent. 

Carbon .......................................................................... 48. 77 
Hydrogen..................................................................... 4.30 
Kitrogen ....................................................................... 10.96 
Oxygen ......................................................................... 35.97 

Total ........................................ 100.00 

Experiment No. 4. Humus Produced by Flour.-ln this 
experiment about six pounds of soil (2720 grams) and 225 
grams of flour were used. The flour and soil, after mixing, 
were placed in a box and were allowed to ferment for one 
year, when the final product weighed2845grams. Thecom
position of the flour, of the soil, and of the final product of 
soil and flour, as well as the total amounts in grams, are all 
given in tabular form. 

TABLE No. X. 

Soil. Flour. Final Product 
of Soil 

and Flour. 

Per Cent. Per Cent. Per Cent . 

Total JS:itrogen ......................................... . 

Humic phosphoric acid .......................... . 

Humic potash ........................................ .. 

Humus ..................................................... . 

.02 

.01 

.006 

.06 

1.70 

.15 

.07 

TABLE No. XI. 

Original Soil II Final Product I 
and Flour of Soil and ____________________ __,!_. Flour. 

Grams. Grams. 

Humic phosphoric acid .......................... · .61 .71 

Ht1mic potash ....................................... . .32 .45 

. 094 

.0::?5 

.017 

.47 

Gain 

Grntns. 

1'' 

.14 
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• 
The humus produced by the flour had the following ulti-

mate composition: 
Per Cent. 

Carbon ....................................................................... . 51.02 
3.82 
5.02 

40.14 

Hydrogen .................................................................... . 
Nitrogen ...................................................................... . 
·Oxygen ....................................................................... . 

Total. ...................................... 100.00 
This experiment indicates that flour produces a humus 

with a fair amount of nitrogen, and that in the production 
of the humus, half a pound of flour, acting on the six pounds 
of soil, has changed over a tenth of a gram of both phos
phoric acid and potash into humic forms. 

Experiment No. 5. Humus from Asparagin.-Asparagin 
was taken as a type of an amide compound. Seven pounds 
of soil (3175 grams) and about ~11 of an ounce ofasparagin 
(10 grams) ·were mixed, placed in a box, and allowed to act 
for one year. From the analysis there \Yas no eYiclence that 
the asparagin had entered into humic forms or had caused 
any change in the forms of the soil potash and phosphoric 
acid. 

Experiment No. 6. Humus from Ont Strnn".-Fifteen 
pounds of soil (6,777 grams) and fiye ounces of fine cut oat 
stra\Y were carefully mixed, and placed in a box, as in the 
other hum us culture experiments and left for one year. At 
the encl of the year the pieces of straw did not appear to ha Ye 
undergone any fermentation changes. The mixed stra\Y and 
soil weighed finally 6,875 grams. The composition of the 
soil, of the straw and of the final product of soil and straw 
was as follows: 

TABLE No. XII. 

'Total Xitrogen ...................................... . 

llumic phosphoric acid ......................... . 

Humic potash ....................................... . 

l-It11n11s ...••.•..•...•••• ...................•............. 

Original 
Soil. 

Per cent. 

.02 

.01 

.006 

.06 

I Straw. 

Per cent. 

.50 

.22 

.90 

I 
Final Product of 
Soil and Straw. 

Per cent. 

.031 

.015 

.035 

.46 
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TABLE No. XIII. 

Original Soil I Final Product of 
auc' Straw. Soil and Straw. 

Grams. Grants. 

:::::::::::~~~~--~-~'.~:::::::::::::::::::_::_·:_:::_::_::_:::_::_:::--':le___~_::_: __ -'.._ __ ~_::_: __ _ 

In this experiment there \Vas evidently no combination 
·of the potash and phosphoric acid of the s01l with the humus 
formed from the strmv. The straw was very slow in fer
menting and although capable of forming humus, the humus 

, that was produced did not combine with the phosphoric 
acid and potash of the soil; this is probably due to the slow 
rotting of the straw. If a longer time had been allowed for 
decomposition the results might have been more favorable. 
:Straw is capable of forming humus hut the humus prochl~ed 
-was poorer in nitrogen than the humus formed by manure, 
:green clover, or meat scraps, but it is a richer humus than 
that formed from sawdust, starch or sugar. 

The humus from oat straw was found to have the fol
lowing ultimate composition: 

Per cent. 

Carbon ......................................................................... 54.30 
Hydrogen..................................................................... 2.48 
Nitrogen....................................................................... 2.50 
•Oxygen ......................................................................... 40.72 

Experiment No. 7. Humus from San"dust.-Inasmuch 
as sawdust is so frequently used as an absorbent in stable~. 
it was thought best to include it as one of the materials in 
i:his test of humus-forming substances. Ten pounds of soil 
(4530 grams) and half a pound of sawdust were mixed, 
placed in a tight box and left for a year to ferment. At the 
-end of the year the sawdust appeared in nearly the same 
physical condition as at the beginning. The final weight of 
i:he sawdust and soil was 4705 grams. The composition, 
:and final amounts are given in the following tables: 
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TABLE No. XIV. 

Soil.. l Sl\wdust. I Final Product 
Soil and Sawdust. 

Per cent. Per cent. 

Total Nitrogen ...................................... . 

Humic phosphoric acid..... . ................ . 

Humic Potash ...................................... . 

Humus ................................................ .. 

.02 

.01 

.006 

.06 

TABLE No. XV. 

Humic phosphoric acid ............................................. · 

Humic potash .......................................................... . 

.09 

.15 

.21 

Soil atid 
Sawdust. 

Grams. 

.79 

.64 

Per cent. 

.023 

.018 

.014 

.59 

I 
Final Product • 

Soil and 
Sawdust. 

Grams. 

.85 

.66 

In this experiment the gains are too small to consider. 
being less than duplicate analysis of the same sample would 
show, except possibly in the case of the phosphoric acid. 
The analyses show that there has been practically no union 
of the potash and phosphoric acid of the soil with the humus· 
produced by the sawdust. About twenty per cent of the 
sawdust has fermented without forming humates, although 
about half a per cent of humus has been formed. The com
position of the humus from the sawdust was found to be: 

Carbon ........................................................................ . 
Hydrogen ................................................................... .. 
Nitrogen ...................................................................... . 
Oxygen ....................................................................... . 

Per cent. 

49.28 
3.33. 

.32 
47.07 

Total ....................................... 100.00· 
The humus from sawdust is rich in carbon, but is very 

poor in nitrogen, phosphoric acid and potash. 

Experiment No. 8. Humus Frnm Sugar.-Seven pounds 
of soil ( 31 71 grams) and half a pound of sugar ( 225 grams) 
were thoroughly mixed, and left in a box, for one year. 
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At the end of the year there was but little of the sugar 
that remained; the soil and sugar weighed 3220 grams. 

TABLE No. XVI. 

Total Nitrogen ..................................... .. 

Humic phosphoric acid ........................ . 

Humic potash ........................... , .......... . 

Humus ................................................. . 

Composition 1' 

of the Soil. , 

.02 

.01 

.006 

.06 

Sugar. 
f Fi11al Product 
! of Soil and 
I Sug":_r._ 

.018 

.01 

.005 

.32 

--------------'-------'----·-'--·-----

The final composition of the soil and sugar is nearly the 
same as the composition of the original soil, the differences 
being less than the usual errors of chemical analysis. There 
is no evidence that the sugar, in its fermentation is capable 
of uniting with the potash and phosphoric acid of the soil, 
and producing humates. 

The humus formed from sugar contained only a trace of 
nitrogen, which probably came from the small amount of 
nitrogen and humus in the soil, but the sugar humus ·was rich 
in carbon, as shown by the following ultimate analysis: 

Per Cent. 

Carbon ....................................................................... 57 .84-
Hydrogen..................................................................... 3.04 
Nitrogen....................................................................... .OS 
Oxygen ........................................................................ 39.04 

Total. ...................................... 100.00 

Variations in the Composition of Humus.-There is a 
marked variation in the composition of the humus produced 
from the different kinds of organic materials. The straw, 
sawdust and sugar each yielded a humus characteristically 
rich in carbon and poor in nitrogen. The humus from these 
materials did not exhibit any marked tendency or power to 
unite ·with the potash and phosphoric acid of the soil to form 
humates. On the other hand, materials like cow manure, 
green clover and meat scraps, substances which are rich in 
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nitrogen, produce a more va1uab1e humus which is rich in ni
trogen, phosphoric acid and potash, and the humus which is 
produced is able to combine ·with the potash and phosphoric 
acid of the soil to form humates. There may, however, be a 
great difference in the power \\•hich soils possess to form hu
mates. The variations in the composition of humus pro
.duced by different organic substances are best observed when 
the analyses are arranged in tabu1ar form. 

TABLE No. XVIl.-Humus Produced by-

I 

I I 
\ Cow \ Gre~n \ Meat 

I 
\\"heat \ Oat Saw- Sugar. 

1>.Ianure~- Clover. Scraps. Flour. Straw. dust. 

-·-----

·Carbon ........ 41.95 5..J...22 

I 

48.77 : 51.02 

I 

54.30 

I 
49.28 

I 

57.84 

Hydrogen .... 6.'..!6 3.40 4.30 I 3.82 2.48 3.33 3.0+ I 
I 

Nitrogen ...... 6.16 8.24 
110.96 

5.02 I 2.50 .32 

I 
.08 

·Oxygen ........ 45.63 i 34.14 35.97 140.14 I 40.72 147.07 3!).04 
i 

I 100. ·Total. .......... 100. 100. 100. 100. 100. I~ 

TABLE No. XVIII. 

Highest. Lowest. Difference. 

·Carbon ..................... 57.84 Sugar 41.95 Cow manure. 15.8!) 

Hydrogen ................. 6.26 Co\\· manure. 2.48 Oat straw. 3.78 

Nitrogen ............ ...... 10.96 Meat scraps. 0.08 Sugar. 10.88 

·Oxygen ......... ..... . .... 47.07 sa,vdust. 34.14 Green clover. 1'..!.93 

The differences in composition are noticeable. The hu~ 
mus produced by each materia1 as green clover, oat straw 
or sawdust is different from the humus produced by every 
other material. The humus from a material as green clover 
is undoubted1y very complex in nature. Inasmuch as the 
green clovercontains both nitrogenous and non-nitrogenous 
com pounds, and as each class of compounds has a different 
action in humification processes, it fol1ows that the humus 
from the green cloYer must be a mixture of both nitrogenous 
and non-nitrogenous hurnic products. 

The nature of the humus: whether nitrogenous or non
nitrogenous, is important. The humus produced from sa\v
dust and meat scraps may be taken as an examp1e. 
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In the soil containing the sawdust, .59 per cent of humus 
was produced, while the meat scraps produced .31 per cent 
humus. The sawdust produced a larger quantity of humus 
than the meat scraps. The humus from the sawdus;t con
tained .31 per cent of nitrogen, while the humus from the 
meat scraps contained 10.96 per cent nitrogen. The saw
dust produced a larger quantity of humus poor in nitrogen, 
while the meat scraps produced a smaller amount of humus 
rich in nitrogen. ' 

Classification of Humus Compounds.-There appears to 
have been no classification of the humus compounds pro
posed since the classification of Mulder, in 1840, into humin, 
ulmin, humic, ulmic, crenic and approcrenic acids, as follows: 

TABLE No, XIX 

I 
Pltnin and I Hu1nin and 

I 
Crenic I Approcrenic 

Ulmic acid. 
I 

Humic acid, acid. acid. 

I 
Per cent. Per cent. I Per cent. Per cent. 

I 

Carbon ................................ 67.1 64.4 I +4.0 34.4 
I 

Hydrogen ............................ 4.2 4.3 5.5 3.5 

Oxygen ................................ 28,7 31.3 46.6 39.1 

Nitrogen ................. ............ 0.0 . ............. ..... 3.9 3.0 

Humic and ulmic acids are given as containing no nitro
gen, while crenic and approcrenic acids are given as contain
ing 3.9 and 3.0 per cent, respectively of nitrogen. None of the 
humus compounds in these culture experiments have the 
same composition as those giyen by Mulder. The sawdust 
and sugar approach in composition the nearest to the humic 
and ulmic acid formulas, while oat straw comes the nearest 
to crenic and approcrenic acids. The differences are, how
e,·er, great. 

It would seem best, in the present state of our know
ledge 0f the humus compounds, to make the division on the 
basis of the nitrogen cc•ntent, that is divide the humus com
pounds into classes as follows: 

1. Non-nitrogenous group, as sugar humus. 
2. Humus containing 1 to 2 per cent nitrogen as saw

dust humus. 
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3. Humus containing 2 to 4 per cent nitrogen as oat 
straw humus . 

. 4. Humus containing 4 to 8 per cent nitrogen as flour, 
and cow manure. 

5. Humus containing over 8 or 9 per cent nitrogen. 
Such a division would give an approximate idea as to 

the nature of the material from which the humus has been 
produced, as well as an approximate idea of its agricultural 
value. As ordinarily used the term humus is a Yery indefi
nite one, as far as com·eying any idea of the chemical com
position or agricultural Yalue of the compounds for which 
it stands. 

The hurnate compounds do not form well defined crys
tallized bodies and it is almost impossible to obtain any one 
of these compounds in a pure state to study the structural 
corn position. 

Composition of Humus Obtained from Old and New 
Soils.-A prairie soil that had neyer been under cultiYation 
contained 5.30 per cent humus. A sample of similar soil 
from an adjoining field that had been con tinnously culti va tecl 
for several years to small grains, contained 3.38 per cent lm
mus. The humus from each soil when subjected to an ulti
mate analysis gave the following results: · 

TABLE No. XX .. 

Carbon ..................................................................... . 

Hydrogen ................................................................. . 

Oxygen .................................................................... . 

Nitrogen ................................................................ . 

Ash .......................................................................... . 

Humus from Humus from 
nf!w !;oil. old Soil. 

Per c~n t. Per cent. 

44.12 

6.00 

36.16 

8.12 

6.60 

50.10 

4.80 

33.66 

6.50 

4.90 

These results show the extent to which the humus is 
changed when new land is brought under cultivation. In 
the long-cultivated soil the humus contains more carbon and 
holds less nitrogen and .mineral matter in chemical combina-
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tion 'than in the new soil. In the ten years' cultivation the 
humus has materially changed in composition, it has been 
converted into a less active state, and contains a larger pro
portion of carbon, due to the more rapid oxidation of the 
nitrogen and hydrogen and to the slower oxidation of the 
carbon. 

Influence of Different Jfethocls of Farming upon the 
Humus Content of the Soil.-The general system of farm
ing that is followed has a direct influence upon the amount 
of humus in the soil. Similar soils from the same and from 
adjoining farms that have been cropped differently, show im
portant differences, not only in the amount of humus pres
ent, but in the per cent of nitrogen, and the amount of phos
phoric acid combined with the humus. These differences are 
given in the following table: 

TABLE No. XXI.-Infuence of Different Systems of Farming upon the Chemical 
and Physical Properties of Soils. 

Character of Soil. 

l

\\'eightl I f Phosphoricl \Yater 
per Humus Xitro-1 acid com- holding ca-

cu. foot gen. bined with pacity. 
Humus. 

/ lbs. [percentlpercent' per cent. per cent. 

1 Cultivated 35 years; rotation ot 
crops and manure; high state 
of productiveness . ................ . 

2 Originally same as 1; continous 
grain cropping for 35 years; 

I 
70 3.32 

low state of pruducth·eness... 72 1.80 

8 Cultivated 42 years; systemat-
ic rotation and manure; good 
state of productiveness ......... 70 3.46 

4 Originally same as 8; culth·ated 
35 years; no system a tic rota- I 
ti on or manure; medium state 
of productiveness................. !l7 2 45 

.30 .04 

.16 .01 

.26 .03 

.21 .03 

[Reported in Year Book l'. S. Dept. Agr. 1896.] 

48 

39 

59 

57 

Soils Nos. 1 and 2 are from two adjoining farms, and 
originally had practically the same crop-producing power, 
No. 1 has received regular and liberal dressings of manure, 
and has produced wheat, corn, oats, timothy and clover in 
rotation. There has been no apparent decline in fertility. 
~o. 2 has been under continuous grain cultivation and has 
never received any farm manure or other humus-forming ma-
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terials. During the first few years heavy crops of whe:it \vcre 
raised, but during the past few years the yield has been very 
low, especially in dry seasons. The land has been reduced in 
wheat producing power from 25 to 8 bushels per acre. 

The main difference bet\veen the two soils at the present 
time is in the amount of humus, nitrogen and humic phos
phoric acid. 

Soils Xos. 3 and 4 are from the same farm. No. ~1 has 
been cropped forty-two years, timothy and clover, wheat, 
oats and corn having been raised in rotation. Every five 
years the Janel has received 10 tons of stable manure per 
acre. No. 4 has been cropped on!:. thirty-five years, produc
ing mainly wheat, oats and corn, with an occasional crop 
of timothy. It has not been cropped continuously to one 
crop, neither has it been under a regular system of rota ti on. 
The soil which has been cropped forty-two years sho\\·s more 
humus and nitrogen than the une which has been cropped 
thirty-five years. 

Destn1ctio11 of Humus b_r Forest Fires.-The losses of 
humus and nitrogen by forest fires are frequentlyveryheavy. 
\Vhen the soil is of a sanely nature, and the fire is severe, 
from 50 to 75 per cent of both nitrogen and humus may he 
destroyed. A sample of soil, No. 228, taken near Hinckley 
in 1893, (the analysis of this soil is reported in bulletin Xo. 
30, page 182,) a year prior to the great forest fire of 1894. 
showed 1.69 per cent humus, and .12 per cent nitrogen. 
After the forest fire, a similar sample from the same field 
showed ..±1 per cent humus and .03 per cent nitrogen. The 
loss of nitrogen from this soil amounted to 2500 pounds per 
acre. 

Another sample of soil, No. 418, from Staples, Todd 
county contained 1.52 per cent humus and .12 per cent nitro
gen. A similar soil from an adjoining field, Ko. 424, that 
had been burned over and left as waste land, contained .4 7 
per cent humus .04 per cent nitrogen. 

The excessi,·e losses of nitrogen and humus, caused by 
forest fires, greatly decrease the agricultural value of the 
land. "'While it is true that good crops may be o1Jtainec1 from 
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such lands for two or three years, due to the ashes that have 
been formed, the soils soon shov;' signs of nitrogen hunger, 
and become unproductive. The loss of nitrogen and humus 
is more severely felt on the sandy soils, than on the clay soils. 
In the forest soils there is not an oyer abundance of nitrogen, 
and if 75 per cent is destroyed by a fort:tst fire it leaves the 
soil in a poor condition as to nitrogen. 

Prairie fires have not been so destructiYe upon the hum us 
as the forest fires, because the burning has been confined 
more to the surface. An aYerage prairie fire ~will, howeYer, 
remoye more nitrogen from the soil than five ordinary crops 
of wheat. 

In the clearing of new land, particularly forest land, 
there is frequently an unnecessary destruction of humus 
forming materials. Instead of burning all of the vegetable 
matter it \\'Ould be better economy to leaYe some in piles for 
spreading at a future time. By this means the soil would 
be kept in better condition for a longer time. 

Soils in Need of Hwm1s.-Soils that are the most in need 
of humus are the sandy and sandy loam soils that have been 
cultivated for a number of years to corn, potatoes and small 
grains, without the use of stable manures or the proper ro
tation of crops. There are many soils of the state that 
could be improved by the addition of humus materials. A 
clay soil, as a rule, does not stand in need of humus so much 
as a loam soil or a sandy soil. Alkali soils are usually de
ficient in humus. The addition of humus materials to a 
loam or sandy soil is beneficial in preventing the soil from 
"drifting" during heavy wind storms, because humus binds 
the soil particles together more firmly. There are but few 
soils, under ordinary cultivation, to which it is not safe to 
add humus-forming materials. 

Soils Not in Immediate need ofHumus.-Ordinaryprairie 
soils, for the first ten years after breaking, are usually well 
supplied with humus. Swampy, peaty. and muck soils con
tain large amounts of humus. If the soil is sour to the 
taste, the humic acid may be neutralized b~· a dressing of 
lime or wood ashes. Soils from poorly drained places fre
quently contain sour humus. Yery frequently, muck soils 
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are deposited over marl beds. Marl, which is a mixture of 
limestone and clay, may be used as a top dressing for the 
muck soils. There is but little danger, however, from the 
formation of sour humus in the soils of this state, because, 
as a rule, the soils are well supplied with lime, which com
bines with the humus and prevents the formation of the sour 
humus. 

It is not advisable to burn over low peaty places. A soil 
containing as high as seventy per cent of vegetable matter 
may be brought under cultinttion and converted into 
meadow land. A soil containing about fifty per cent of 
vegetable matter may be converted into what is generally 
termed a permanent meadow. Soils of this type have pro
duced hay for forty years without .any decline in crop pro
ducing power. 

While humus is a very important factor in imparting fer
tility to a soil, it must be remembered that it is possible to 
go to the other extreme and have too much humus in the 
soil or to get the humus in the undesirable form of sour 
mould. 

In localities where the rainfall is evenly distributed dur
ing the year, the necessity for maintaining the humus is not 
so severely felt as in localities ·where the rainfall is not so 
evenly distributed. As pointed out in former bulletin~ the 
humus takes an important part in aiding a soi.I to retain 
water and withstand drought. 

l\:Iincral 1l.1attcr Combined with Hwnus.-As ordinarily 
ob cained from the soil, humus contains a high per cent of 
mineral matter. Not all of the mineral matter extracted 
with the humus is in chemical combination with the humus. 
If the humus solution is neutralized with an acid, a floculent 
pcrcipitate, known as humic acid, is obtained. It seems 
reasonable to assume that the mineral matter which is ob
tained from the precipitated humus material is in combina
tion with the humus. If it were not in combination it would 
have been removed in either the dilute acid, alkali or the 
water used for washing the material and it would not have 
been repreci.pitated. 
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TABLE No.XXII.-Mineral Matter Combined with the Humus. 

!

Sample Composed! In Eight Soils. 
of20 Soils. (Former Anolyses) 

~~~~~~~~~_:.___~~~~--'.~-

Silica ........................................................... . 

Potash ......................................................... . 

Soda ............................................................. . 

51.75 

12.02 

2.48 

61.97 

7.50 

8.13 

Lime......................................................................................... .09 

Magnesia .................................................... .. 

Ferric Oxide ............................................... .. 

Aluminia ................................................... .. 

3.26 

5.12 

3.72 

Phosphoric Anhydrid......... .......................... 21.55 I 

Sulphuric 

Carbonic ::.::::::::::::::::::::::::::·:::::· ............. ~ ... ~.~ ........... ! 

.36 

3.12 

3.48 

12.37 

.98 

1.64 

It appears that over half of the ash of the precipitated 
humus material is silica, while over twelve per cent, and in 
some cases as high as 20 per cent, is phosphoric acid. The 
potash content ranges from 7.50 to 12 per cent. 

A rich prairie soil containing 3.50 per cent of precipitated 
humus materials, will contain over 100,000 pounds per acre 
of pure humus. The average per cent of ash in the pure 
humus is rarely less than seven. On a basis of 10 per cent 
there would be 10,000 pounds of mineral matter combined 
with the humus of which over 12 per cent is phosphoric acid 
and over seven per cent is potash, equivalent to over 1200 
pounds per acre ofhumic phosphoric acid and 750 pounds of 
humic potash. .Many soils contain even more than these 
amounts. 

After fifteen or twenty years' continuous grain cultivation 
the per cent of total humus is usually reduced by half and 
the humic phosphoric acid is reduced by more than half. 
While the total amount of phosphoric acid and potash re
moved in the twenty grain crops has not heen large com
pared with the total amount in the soil, the amount com
bined with the humus has heen materially reduced. Twenty 
wheat crops averaging 18 bushels per acre will remove 
about 400 pounds of phosphoric acid. Average prairie soil 
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contains about 8700 pounds of phosphoric acid per acre to 
the depth of one foot. When the soil is first brought unrler 
cultivation, about 1500 pounds of this 8700 are combined 
with the humus. After twenty years' grain cultivation, the 
soil will still contain over 8000 pounds per acre of total 
phosphoric acid, but instead of 1500, there is only about 
400 pounds combined \vith the humus. 

It seems reasonable to suppose that this change of phos
phoric acid from humic to less soluble forms has been an im
portant factor in making the soils less productiYe. 

It is not intended to c01wey the idea that the humic 
phosphoric acid is the only form of phosphoric acid that is 
of value to crops, because there arc soils that contain hnt 
little humic phosphoric acid and yet appear to be well sup
plied with available phosphoric acid. Humic phosphoric 
acid is, however, one of the most valuable forms of available 
phosphoric acid. 



SUMMARY NOTES. 

1. When wheat was grown continuously on the same 
plot there was an annual loss of 1 71 pounds of nitrogen per 
acre. About 25 pounds were removed by the crop while 146 
pounds per acre were lost from the ~oil by the wearing away 
of the humus. 

2. \iVhen wheat was grown in a rotation, after clover, 
there was a yield of five bushels per acre more of wheat than 
when grown continuously. \Vhcn manure was used and 
clover was grown there was a gain of nitrogen, and at the 
same time larger yields ~were obtained. \Vhen corn was 
grown in a rotation, it yielded 17 bushels per acre more than 
when it was gro\Yll on the same plot continuously. 

3. \Vhen corn, oats, or barley was grown continuously 
on the same plot and no manure used, there was an annual 
loss of from 80 to 200 pounds of nitrogen from the soil, the 
larger portion of which was not carried away in the crop, 
but was lost by the destruction of the humus. The annual 
loss per acre of humus when wheat, corn, oats or barley 
wasgrowncontinuous1yranged from 1,600 to 1,800pounc1s. 

4. A loss of humus from the soil has made the soils 
lighter colored, caused them to weigh more per cubic foot 
and has reduced the power of the soil to store up water. 

5. When summer fallowing is extensively practiced the 
yield of the following crop is increased at the expense of render
ing five times more nitrogen available than is required by the 
crop. The available nitrogen, if not utilized by the crop, is 
not stored up in the soil but is lost. 

6. Cow manure, green clover and meat scrap:s produce 
valuable forms of humus, rich in nitrogen. The humus pro
duced is capable of combining with the phosphoric acid and 
potash of the soil to form hum ates. 

7. Sawdust, straw and cnrbohydrates, as sugar, pro
duce a humus rich in carbon. This humus has less power to 
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combine with the p'.10sphoric acid and potash of the ~oil, than 
humus formed from materials richer in nitrogen. 

8. The humus from soils which have been cropped for a 
series ofyears contains less nitrogen and mineral matter, 
and more ~arbon than the humus from soils that have not 
been cultivated. 

9. Forest fires may cause a loss of 76 per cent of the 
total nitrogen of the soil. The practice of lmrning over new 
land is sometimes carried to such an extent as to injure the 
permanent crop producing power. 

10. Soils \vhich stand in need of humus arc sanely an<l 
sandy loam soils which have be..::n culti,·ated a number of 
years to corn, potatoes and small grains, without the use of 
stable manures or the proper rotation of crops. 

11. A prairie soil before it is brought under cultivation 
will contain about 1,500 pound~ of phosphoric acid and 
about 800 pound; of potash per acre combined with the hu
mus. After twenty years of cultivation, if the humus is not 
kept up, there will be about 400 pounds of phosphoric acid 
combined with the humus. 
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