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THE CHEMICAL NATUREOF THE OR-
GANIC NITROGEN IN THE SOIL

(Second Part—F'irst Part appeared as Research Bulletin No. 1.)
By S. L. JODIDI.

INTRODUCTION.

It was shown in previous’ publioations that the acid-soluble
organic nitrogen in Iowa soils as well as in Michigan peat soils
is composed chiefly of acid amides, monamino acids and diamino
acids. Following those publications, and also bhefore, other papers
appeared, dealing with the isolation of organic nitro-
genous compounds from soils. Thus Schreiner and Shorey
succeeded in isolating from various soils, in addition
to a number of non-nitrogenous bodies, the diamino acids,
arginine* and histidine, as well as the pyrimidine® de
rivative, cystosine and the purine® bases, xanthine and hy-
poxanthine. Prior to that Shorey extracted from Hawaiian
soils a compound which he was able to identify as a pyridine
derivative, picoline* carboxylic acid, and which he was in-
clined to believe, existed in the form of a lime salt in the soil.
Among the decomposition products of Michigan peat the two
monamino acids, leucine® and isoleucine, were isolated and iden-
tified by Robinson who also quantitatively determined the
amino® nitrogen in the peat by Van Slyke’s” nitrous acid method.

It is true that the above researches add materially to our
knowledge concerning the mature of the organic compounds in
soils, but the actual chemical nature of the organic matter will
not be fully understood until all of its individual organie com
pounds have been discovered, isolated and identified, and the
way they are linked together has been found out. That makes
it desirable, if not imperative, to throw more light upon this
paramount question. Especially is it important to know the
character of the organic nitrogen in soils, for that is of funda-
mental value to agriculture, since it is intimately connected with
the momentous biological processes of ammonification, nitrifica-
tion and denitrification.

1Jour. Am. Chem. Soc., 382, 396 (1910); 33 1226 (1911); Michigan Agr.
Coll. Exp. Sta., Tech. Bul. 4 (1909); Towa Agr. Exp. Sta., Research Bul.
1 (1911).

*Jour. Biol. Chem., 8, 381, (1910).

3Ibid., 8, 385 (1910); Bul. 74, Bureau of Soils, U. S. Dept. Agr.

+Ann. Rept. of Hawaii Agr. Exp. Sta., 1906, p. 55.

5Jour. Am. Chem. Soc., 33, 564 (1911).

SMich. Agr. Exp. Sta., Tech. Bul. No. 7, p. 11.

7Berichte d. Deutsch. (“hem Ges., 43, 3170 (1910),
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It was for this reason that it was decided to investigate a
numker of soil plots as to the nature of the organic nitrogen in
them.

The plots examined, S, T and V, formed a part of the Iowa
Agricultural Experiment Station field which is situated on the
Wisconsin Drift. The plots had an area of one-tenth of an acre
each and were treated as follows:

In 1906 they received a heavy application of manure, in 1907,
1908 and 1909, none. They grew corn in 1905 and 1906, oats
and clover in 1907, corn in 1908 and 1909.

The soil samples were taken in the fall of 1909 and repre-
sented composite samples of twenty-four borings taken from
each plot to a depth of seven inches. On being air-dried they
were passed through a half millimeter sieve.

‘While the percentage of moisture, ammonia and nitrie acid
was determined in both the air-dry and moist soil samples, all
other determinations and observations reported in this bulle-
tin were made with the air-dried soils only. The oven-dried
soil, however, was taken as a basis for the calculation of all
the tables given in this publication.

METHODS APPLIED IN THIS INVESTIGATION.

It was soon ascertained that the proportion of ammoniacal
and nitrie nitrogen in the plots under consideration was quite
insignificant and attention was therefore directed towards the
organic nitrogen.

The weparation of the organic nitrogenous compounds into
acid amides, diamino acids and monamino acids was performed
according to the Hausmann-Oshorne method, namely by distill-
ing the evaporated acid extract of the soil with magnesia which
gave in the form of ammonia all the nitrogen corresponding to
the amides present in the soil. The residue on distillation of the
soil extract with magnesia was thoroughly extracted with water
and concentrated to 100ce. to which sulphurie acid and enough
prosphotungstic acid was added to throw down the diamino acids
present in the extract.

Ordinarily for every 0.15 gr. nitrogen contained in the soil
extract five grams of sulphuric acid and thirty ce. of a solution
containing five grams of sulphuric acid and twenty grams of
phosphortungstic acid per 100cc. were applied. In all cases
more of the phosphotungstic acid was added to the filtrate from
the phosphotungstates to make sure that diamino acids were
completely precipitated.

The Kjeldahlization of the washed phosphotungstic acid pre-
cipitate gave the amount of the diamino nitrogen. The per-
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centage of the monamino nitrogen was obtained by subtracting
the sum of ammoniacal, amido, and diamino nitrogen from
100.

The results secured by this method are recorded in Table 1.

The data given in Table I need some explanation. In a
former® investigation it was demonstrated that with the Haus-
mann-Osborne method the ammonia obtained by distilling the
evaporated extract of the soil with magnesia was actually pure
ammonia which the acid amides split oft, but that the phospho-
tungstic acid precipitate and the filtrate from that precipitate did
not represent diamino and monamino acids only.

TABLE I.—AMOUNT OF NITROGEN IN THE VARIOUS COM-

POUNDS.
Percent Percent
Per cent, X
Plot Gram of oven Ofﬂt(‘;{“l of _I‘;]lt‘ro-
dried soil | . 5 gen in
Nitrogen | Solution

S iTotal nitrogen in solution
(obtained by boiling
; with hydrochloric acid) | 0.16069 0.1844 87.37 100.00

Ammoniacal nitrogen ....| 0.00081 0.0009 0.44 0.50
Nitrogen of acid amides..| 0.05397 0.0619 2935 33.59
Nitrogen of diamino acids. | 0.02773 0.0318 15.08 17.26

| Nitrogen of monamino
acids (difference from |
PO b 8 s T SR 0.07818 0.0897 42.51 48.65
oy Total nitrogen in solution
(obtained by boiling

hydrochloric acid) ....| 0.20247 0.2199 92.41 100.00
Ammoniacal nitrogen ....| 0.00099 0.0011 0.45 0.49
Nitrogen of acid amides..| 0.06789 0.0737 30.99 33.58

| Nitrogen of diamino acids.| 0.04029 | 0.0438 | 18.39 19.90

| Nitrogen of monamino
i acids (difference from |
7 SRRt 0.09330 | 0.1013 | 42.58 46.08
V | Total nitrogen in solution
(obtained by boiling
with hydrochloric acid) | 0.12675 0.2216 88.98 100.00

| Ammoniacal nitrogen ....| 0.00062 0.0011 0.43 0.49
| Nitrogen of acid amides..| 0.04207 | 0.0735 | 29.53 33.19
Nitrogen of diamino acids| 0.01797 | 0.0314 12.61 14.18

| Nitrogen of monamino
acids (difference from
W e 7 s N e e T 2 L 0.06609 0.1155 46.40 52.14

To find out just how much of the diamino and monamino
nitrogen given in Table T actually belonged to diamino and mon-

SJour. Am. Chem. Soc., 33, 1241 (1911).



amino acids, the solutions in question were subjected to analysis
by the formol-titration” method.

DETAILS OF THE FORMALDEHYDE TITRATION METHOD.

A few cautions may not be amiss in connection with the use
of this method. In order to avoid mistakes it is necessary to use
for titration enough of the amino acids: the more of them en-
ployed for the formol-titration, the more accurate are the re-
sults. Further, it is of advantage to start the formol-titration of
the soil extract supposed to contain amino acids, not in the alka-
line, but in the acid state; i e.. the soil extract to he formol-
titrated is slightly acidified with hydrochlorie acid o as to re-
auire, say, from one to three ce. of "/, barium hydroxide. With

se¢ precautions and under obsgervation of conditions outlined
elsewhere,' the formaldehyde titration method gives accurate
quantitative results practically for all monanino acids. This
is also true of the diamino acids in case one of them only is con-
tained in the sample to be titrated. If several diamino acids
are present, then the caleulation of the formol-titrimetrical re-
sults 1s more complicated.

The operations in question are conveniently carried out as
follows: The soil extract containing amino acids, upon examina-
tion of the optical activity in the polariscope, is made up to a
definite volume, say, to 60cc. of which 15cc. are Kjeldahlized to
ascertain the total nitrogen present in the sample, 15ce. are ti-
trated in the ordinary way to determine the percentage of acidity
ol the substance, and two portions of 15ce. each are formol-ti-
trated to find the inerease of acidity due to the reaction with neu-
tralized formaldehvde. These three operations furnish all the data
necessary for the caleulation of the percentage of diamino or
monamino acids present in the substance under examination.

TFor the sake of convenience the method of separation of the
organic nitrogenous compounds into the various groups is sche-
matically presented as follows:

" “Bioch. Zeitschr. T, 45 (1907); 7, 407 (1908; Zeitschr. physiol. Chem. 60,
(1909); 64, 121 (1910).
WResearch Bul. 1, Towa Agr. Expt. Sta., page 35, etc.



Digest soil with boiling hydrochloric acid.

\2

INSOLUBLE RESIDUE.

Contains nitrogenous bod-

ies of practically unknown
constitution.

J

ACID FILTRATE.
Evaporate and distill with
magnesia.

\:

DISTILLATE.
Contains ammonia.

\

ALKALINE RESIDUE,

Extract with hot water and

treat with phosphotungstie
acid.

\2

PRECIPITATE.
Contains diamino acids.
Use a small portion for pre-

cipitation reactions, and the
principal portion for optical
observations., The latter to

J

FILTRATE.
Represents monamino acids.
Remove inorganic salts by

crystallization and use final
mother liquor for optical ob-
gervations. Same to be used

be used also for formol-titra- for formol-titration.

tion.

In connection with the scheme just given it should be borne
in mind that the distillate obtained by distilling the evaporated
acid filtrate with magnesia contains the ammonia originally
present as such in the soil, as well as the ammonia split off from
the acid amides by boiling with acid. Further, the precipitate
containing diamino acids and the filtrate representing monamino
acids are freed from phosphotungstic acid by means of
Larium hydroxide the excess of which is removed with CO,. The
filtrate from lLarium carbonate is then treated as given in the
scheme. Both the precipitate and filtrate may contain also nitro-
genous compounds other than diamino and monamino acids.

SEPARATION OF THE MONAMINO ACIDS FROM INORGANIC
SALTS.

The monamino acids present in the extracts from the various
soil samples investigated were separated from the inorganic salts
by crystallization. Usually the mother liquor was filtered off
with suction from the first crop of erystals which consisted main-
ly of barium chloride. They were washed with 96 per cent alco-
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hol. The separated mother liquor, on being mixed with the wash
alcohol, yielded within half an hour or so practically the re-
mainder of the inorganic salts which were composed of barium
chloride and of the chlorides of potassium and sodium. The
liquor was now again separated by suction from the second crop
of the inorganic salts which, too, were treated with 96 per cent
alcohol. A further evaporation of the second mother liquor or-

TABLE II.

MONAMINO ACIDS

Reactions

The diamino acids
extracted from the
various plots (S, T,
V), displayed the
following reactions:

1. Phosphotungstic
acid gave a heavy,
white precipitate.

2. Phosphomolyb-
dic acid gave a yel-
low precipitate.

3. Mercuric chlor-
ide gave a grayish
white flocculent pre-
cipitate.

4, Silver nitrate
gave a grayish or
yellowish white pre-
cipitate, soluble in
excess of ammonia.

5. Picric acid eith-
er failed to give a
precipitate or the
precipitate obtained
after some time was
quite insignificant.

6. The aqueous so-
lution of the dia-
mino acids was
strongly alkaline.

7. Addition of neu-
tralized formalde-
hyde to the alkaline
solution caused it to
turn acid pointing to
the presence of car-
boxyl and amino
groups.

Polarisconic

DIAMINO ACIDS |

Examination

Plot S. The
diamino acid
solution con-
taining 0.006
gr. mnitrogen,
on acidulating
with hydr'o
chloric acid,
rotated in the
2 dm. tube as
follows:

a=-+40.09°,
(Ventzke).

Plot T. The
rotation of the
acidulated dia-
mino acid so-
lution, with 0.

008 gr. nitro-
gen was
a=-+40.22°.
Plot V. The
diamino acid
solution, with

0.007 gr. nitro-
gen, having
been strongly
acidulat-
ed with hydro-
chloric acid,
showed the ro-
tation of
a=-40.20°.

Reaction with

Formaldehyde

The mona-
mino acids ex-
tracted from
the soils ex-
amined, on be-
ing mixed with
neutral
ized formalde-
hyde, immedi-
1tely turned
acid, thus in-
licating the
presence of
COOH and NH,
groups.

Rotation

Plot S. The
nonamino acid
solution, with 0.-
D42 gr. nitrogen,
having been acid-
ulated with hy-
drochloric acid,
showed in the
2dm tube the ro-
tation a=-+0.61°
(Ventzke).

Plot T. The mo-
namino acid solu-
tion containing
0.040 gr. nitrogen
rotated as fol-
lows: a=—20.75°.
When acidulated

with 5 cc conec.
hydrochloric acid,
the same solution
showed the rota-
tion a=-40.1°.
Plot V. The aq-
ueous solution of
the monamino ac-
ids, extracted
from about 150
grams soil, show-
ed the rotation
a=—0.73°. Acidu-
lated with 3cc
conc. hydrochlor-
ic acid, the same
solution showed
the rotation
a=-+0.5°.
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dinarily furnished but an insignificant amount of inorganic salts
which were treated in the above manner. The final mother
liquors of the various soils obtained in the manner desecribed
contained practically nothing but organic compounds. They
showed acid reaction immediately upon the addition of neutral-
ized formaldehyde, hence they contained the NH, and COOI
group. They showed optical activity, consequently they con-
tained an asymmetric C-atom and had the NH, group very likely
in the a position,

In Table IT are presented the facts which go to show that the
substances designated in Table I as diamino and monamino acids
actually display reactions and possess properties which are char-
acteristic of those compounds.

The determinations of the rotatory power of the soil extracts
as presented in Table IT have but a qualitative value. No effort
was made to determine the specific rotatory power because of the
probable presence of several amino acids in each of the soil ex-
tracts examined. We had in view only the object to find out
whether the solutions, supposed to contain diamino or monamino
acids, were optically active or inactive.

As shown in another investigation,” not all of the nitrogen
obtained by the Hausmann-Osborne method as nitrogen of diam-
ino and monamino acids actually represents diamino and monam-
ino nitrogen, but a portion of that nitrogen belongs to classes
other than amino acids. To find out just what proportion of that
nitrogen is really made up of diamino and monamino acids, the
soil extracts from the plots, S, T, V were subjected to formalde-
hyde titration with the results given in Table TIL
TABLE III.

Plot DIAMINO ACIDS. ' MONAMINO ACIDS.

S, The soil extract contain- Sixtv ce. of the soil extract con-
ing diamino acids was | taining monamino acids were treat-
made up to 60cc. of which | ed as follows: 15ce. were Kjeldahl-
15ce. were titrated in the | ized and the ammonia obtained re-
usual way and required | quired 10.02ce. ™/ H. SOs corres-
0.2¢ce. /5 barium hydrox- | ponding to 0.01407 graimn nitrogen;
ide, and two portions of | 15cc. were titrated and required
15¢ce. each were formol-ti- | 2.2¢c. " /; barium hydroxide; twe
trated and required on the | portions of 15cec. each were formol-
average 0.6cc. "/; barium | titrated and required on the aver-
hydroxide. This means ; age 5.61ce. "/3; barium hydroxide.
that the increase of the | This means that 3.41cc. » /s barium
acidity caused by the pres- | hvdroxide equivalent to 0.00957 gr.
ence of diamino acids is | nitrogen, or 68.02 per cent of what
corresponding to 0.4cc. ®/; | is given in Table I as nitrogen of
barium hydroxide. Unfor- | monamino acids actually represent
tunately, 15cc. of the soil | monamino nitrogen. The other
extract oxidized according | 31.98 per cent belong to classes
to Kjeldahl were lost | other than monamino acids.

so that the actual percent-
age of the diamino acids
could not be calculated.

“Jour. Am, Chem. Soc,, 33, 1239 (1911),



120

TABLE III (Continued)

DIAMINO ACIDS.

The so0il extract contain-
ing diamino acids was
| made up to 69cc. The I{jel-
| dahlization of 15ce. showed
I that they contain 0.006 gr.
nitrogen; 1fce. titrated in
‘ the ordinary way required
1.47¢e. " /5 barium hydrox-
ide;two portions of 1bce.
each formol-titrated re-
cquired 2.04ce. v /; barium
hydroxide. This means
that the 60cc. substance
through formaldehyde in-
creased in acidity the
amount of which is equiv-
alent to 2.28cc. v /5 barium
hydroxide or 1.01280 gr. nit-
rogen (53.3%) of lysine
alone were present,
or 0.01921 gr. nitrogen
(80.09%), if hisldine alone
were present: or 0.02561 gr
nitrogen (106.7%), if argi-
nine only were present.
‘While these figures do not
give the actual percentage
of each one of the diamino
acids, they do show that
the total percentage of the
diamino acids is quite con-
siderable. Tn other words,
a large portion of what is
given in Table T as nitro-
gen of diamino acids aet-
ually represents diamino
nitrogen.
V. Sixty cc.
tract were
this result:

The titration of 1ficc. of

of the soil ex-
analyzed with

%
this solution required
i 2.36¢ce. " /5 barium hydrox-
| ide: the formol-titration of
\ two portions of 16ce. each
required on the average
3.02cec. " /5 barium hydrox-
ide. Hence, the increase

of acidity through formal-
dehyde is equal to 0.67cc.
n /5 barium hydroxide. The
Kjeldahl determination of
15¢e. of this solution was
unfortunately lost by acci-
dent, which rendere:d the
caleulation of the actual
percentage of diamino nit-
rogen impossible.

\

MONAMINO ACIDS.

The formol-titration of 60ce.
substance, with 0.05520 gr. nitro-
gen, shhowed that 82.03% of what is
given in Table 1 as nitrogen of
monamino acids, actually repre-
fsents monamino nitrogen, the rest
consisting of nitrogenous com-
pounds other than monamino acids.

The substance containing mon-
zmino acids was analyzed with the
following result:

1ice. were IKjeldahlized and
found to contain 0.0097 gr. nitro-
gen.

1fce. titrated in the ordinary

way required 3.5hce. ¥ /5 barium hy-
droxide; two portions of 15ce. for-
mol-titrated required on the aver-
age 6.h2¢cec. "/; barium hydroxide.
This means that the increase of
acidity due to the reaction with

formaldehyde was equivalent to
2.97¢ce. M /g barium hyvdroxide=
0.00834 gr. nitrogen. Or 0.00834 x

0 /o0m0=285.98 per cent of what is
recorded in Table I as nitrogen of
monamino acids actually represent
moanmino ni

‘While the data before us to a certain degree modify the results
reported in previous publications, especially as far as the per-
centage of diamino and monamino acids is concerned, yet this
modification does not go far enough to shift the ratio of the acid

amides to the diamino and monamino acids,

Here, as in our
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earlier investigations, the percentage of monamino acids is pre-
dominant ; next in proportion follow the acid amides, and finally
the diamino acids. The percentage of the ammoniacal nitrogen
is insignificant.

In comparing the results, it is to be borne in mind that where-
as in laboratory or pot experiments it is easy to get good average
samples, it is quite different with field or plot experiments. In
the first place it is not an easy task to obtain one or several tons
of manure, hay or straw as a uniform and homogeneous mass. Nor
is it possible to distribute such organic materials absolutely even-
ly throughout the plots. Likewise, it is very difficult, if at all
possible; to get a truly average soil sample from a plot of the size
of one-tenth of an acre. It is for these reasons that samples {rom
the same plot, and still more from different plots, though treated
with the same organic materials, may in some measure differ from
each other. This may account for some differences in the results
reported, yet on the whole the data secured in the above experi-
ments confirm the results reported in the former'™ publications,

CONCLUSIONS.

The data at hand permit of the following conclusions:'*

1. The principal portion of the acid-soluble organic¢ nitro-
gen contained in the soils herein investigated is made up of acid
amides, monamino acids and diamino acids.

2. The larger part of the phosphotungstic acid precipitate
obtained by the IHausmann-Oshorne method in the manner des-
cribed in this publication and recorded in Table I as nitrogen of
diamino acids, actually represents diamino nitrogen. the smaller
part belonging to classes other than diamino acids.

3. In the case of the filtrate from the phosphotunestic acid
precipitate presented in Table I as nitrogen of monamino acids,
it was found that from 68.02 to 85.98 per cent of that filtrate
in fact represented monarmino nitrogen, the iemainder, from
31.98 to 14.02 per cent, consisting of nitrogenous compounds
other than monamino acids. The above conclusions refer to that
portion of the oragnic nitrogen which could he extracted by
hoiling with hydrochlorie acid.

“loe. cit.

#In conclusion 10, on p. 46 of Research Bul. 1, Towa Agr. IIxpt. Sta.,
the word ‘‘acid-soluble” was omitted by the printers. It should correctly
read as follows: ‘‘Since we have found that the acid-soluble organic nit-
rogenous compounds in Iowa soils as well as in Michigan peat soils are
made up chiefly of acid amides and amino acids, despite a considerable
variety of the sources of the organic nitrogen, it seems fairly safe to
state that the bulk of the acid-soluble organic nitrogen in the majority
of soils, if not in all, consists very likely of acid amides and amino acids.”






THE CHEMICAL NATURE OF THE
GANIC NITROGEN IN THE SOIL

OR-

(Third Part.)

By S. L. JODIDI and A. A. WRELLS.

The fact that soil organic matter is the result of decomposed
or still decaying vegetahle and animal tissues, not infrequently of
very different nature, prompted an examination of a considerable
number of plots treated with different organic materials under
a variety of conditions. The plots chosen for this investigation
formed part of the experiment station field which is located on
the Wisconsin Drift. The plots, A, B, C, D, F, G, I, K, L, M,
had an area of one-twentieth of an acre each and the plots O, P,

R, S, T and V, one-tenth of an acre each.

hest be seen from the following tabulation :

Their treatment can

TREATMENT PER ACRE
plot £ 1907 1908. 1909
i<l
| L < |No Treatment....|No Treatment....|No Treatment. ...
& | ek j Two tons of Peat.[Two tons of Peat.[T'wo tons of Peat.
C |ermv-i © |[No Treatment....|No Treatment....|No Treatment....
)+ T LSO = |No Treatment....|No Treatment....|No Treatment. ...
1 e T § Two tons of Tim-Two tons of Tim-Two tons of Tim-
s AR . icieruiler OENF iiiiiiiv e DAY ahnddmal
O |, e E No Treatment. ...|No Treatment....|No Treatment. ...
I IR e o |One ton of Clover|One ton of Clover|One ton of Clover
Gl =7, e Hay ..oovunn.. Hay ..........
BT [ ihasoens 5 ??Four tons of Clo-Four tons of Clo-|four tons of Clo-
v . e Blay. - Ll ver Hay ...... ver Hay ......
|1 ~ " One tcn of Ma-[One ton of Ma-|One ton of Ma-
< ,| UL o . DUPE .., peqeves nure ..........
| R 3 Two tons of Ma-Two tons of Ma-Two tons of Ma-
= TG 256 - 5omea s Il s s TEEEBGr f o 660 sl oxs
) | Y s $ No Treatment. ... No Treatment. ... No Treatment. ...
18N N s @ |No Treatment....|No Treatment....|No Treatment....
B | artese « |No Treatment....|No Treatment....|No Treatment....
Ym I gy § No Treatment....No Treatment....|No Treatment. ...
(o & [No Treatment....|No Treatment....|No Treatment....
Ve e s i No Treatment....|No Treatment....|No Treatment....
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PREVIOUS CROPPING

Plot 1903 1904 1905 1906 1907 1908 1909
A Corn Oats Corn Corn Oats Timothy Timothy
B . “ o " * Fallowed | Fallowed
C . X3 4é “ 3 3 3 ‘ ‘
F . s = B - \ ¢ [ 5
L . - ¢ = e 3 E :
0 - i Y < g Corn Corn Corn
P! o - = b i Corn % Oats
Re . e i 2 < Qats &

Clover . Corn

s . « « « > « & o
T . “ « « « « ‘ o
v . « « « « « « a

Each of the soil samples examined represents a composite of
twelve or twenty-four borings taken from each plot to the depth
of seven inches. For analytical purposes the samples were air
dried, ground in a ball mill anl finally passed through a sieve
having 400 perforations to the square inch. The amount of soil
which did not pass through the sieve was negligible. For the
sake of convenience the analytical data are given in the form of
tables.
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TABLE I

Water Found Water Found

Watieoll|————re——— == AN Iy e—————— ———
PLOT used | soil used ‘

Grams Gram !Pcrcent Average Grams Gram PercentJAveragc
! |

A ....| 25307 0.4030| 15.92| ;500 || 3.0022| 0.1699| 5.66/ 5.63
2.8626 | 0.4604| 16.08] 3.0001 | 0.1682 5.61

B ... 3.7181| 0.7281| 19.58 qg¢4 || 29996 01533 511 5.11
2.4747 ) 0.4382| 17.70 3.0016 | 0.1535 5.11

R 3.0209 | 0.5981| 19.80| 1g9g || 3.0014| 0.1575| 525 5.24
3.7587 | 0.7050 | 19.76 3.0013 | 0.1566 5.22

D ... 3.2467| 0.5662| 17.44| 770 || 30008 | 0.1414| 471 4.76
2.6739 | 0.4804| 17.97 3.0008 | 0.1445 4.81

P 2.3785 | 0.3777| 15.88 1g0g || 3-0002| 01272 4.24| 4.24
1.9364 | 0.3155 | 16.29 3.0012 | 0.1274 | 4.24

G ....| 25472 03907 15.34| 154g || 3.0019| 0.1160| 3.86| 3.87
3.2802 | 0.5062 | 15.43 3.0004 | 0.1164 3.88

I .| 2.3000| 0.3324| 14.45| 1440 || 3.0024| 0.0904| 3.01] 3.03
2.6390 | 0.3737 | 14.16 3.0015| 0.0914 3.04

K .| 31478 0.4559| 14.48) ;4 6o || 3.0027| 0.0867| 289 2.86
3.1799 | 0.4736 | 14.89 3.0041| 0.0855 2.84

L .| 3-9063| 0.6162| 15.77| 1574 || 3-0000| 0.0963| 3.21| 3.18
3.3418 | 0.5252| 15.72| 3.0008 | 0.0946 3.15

M .| 1.8502| 0.3072| 16.60| 145y || 3.0008| 0.0975| 3.25/ 3.24
2.6021 | 0.4273 | 16.42 1 3.0007 | 0.0971 3.23

O ... | 25619 0.2964| 11.57| 1469 || 3-0035| 0.0917| 3.05 3.11
2.9751| 0.3471| 11.67 3.0016 | 0.0955 3.18

p .. .| 32655, 0.5725| 17.53 y7as || 3.0008| 0.1063| 3.54| 351
3.0391| 0.5207 | 17.13 ) 3.0012 | 0.1048 3.49

R ....| 29275| 03729 | 12.74| 195 | 3.0000| 0.0983| 3.11| 3.3
3.4204 | 0.4422| 12.93 3.0009 | 0.0947 3.15

S | 2.5441) 0.2988 | 11.74| 14 81 3.0008 | 0.0849 2.83 2.81
""" 2.6336 | 0.3130| 11.88 g 3.0014 | 0.0837 2.79

T 2.6343 | 0.3484| 13.23| 1399 || 3.0000 0.1044 3.48 3.563
"t 3.0855 | 0.4052 | 13.22 ’ 3.0002| 0.1076 3.58

v . 1.9543 | 0.2099 | 10.74 10.73 3.0000| 90.1078 3.59 3.60
Tt 1.9605 | 0.2099 | 10.71 ' 3.0008 | 0.1083 3.61

With the exception of A and P, all the plots which grew crops
in 1909, when the soil samples were taken, individually show a
lower percentage of moisture than the fallowed plots. On the
average the soils of the fallowed plots had about three per cent
more moisture than those of the cropped plots. This confirms
the observations already reported in the first paper of this series,*
that fallowing is one of the means for the accumulation of mois-
ture in the soil.

The estimation of the specific gravity as well as of the total
nitrogen in the various plots will be found in the table following.

Towa Agr. Expt. Sta,, Research Bul. 1, p. 11,
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TABLE IL

ey |
Plot Spcmfiltc Grav- Average H Total Nitrogen | Average
v o DR o N ) 7>7;\75chcn§_ | f o, B S
BN = D el 2.387 | 2.476 0.397 0.400
2.564 0.403
Fihics 3 Torms v T 2 2.510 0.355 0.372
2 0.389
T e g 2. 2.414 0.369 0.564
2. 0.360
BN S, 2. 2.583 0.318 0.319
2.5 0.32
TV LB, 1 st 845 2.597 2.598 0.268
2.600 ! 0.262
(s ot NS 2.694 2.596 i 0.248 0.246
2.598 0.244
Ftecite. Ao PR 2.592 2.599 0.210 .214
2.607 . 0.219
R L e e 2.601 2.602 || 0.220 0.222
2.6 0.225
R Aty o 2.41 2.510 0.236 0.23
2.5 0.225
N o e e o 2.k 2.586 0.218 0.221
2.58 0.223
(O h P RN o 2.609 2.608 0.220 0.215
2.606 0.209
RIS = P 2.604 2,604 0.215 0.218
2.604 | 0.220
1T e e e 2.610 2537 | 0.220 0.217
2.464 ; 0.213
G o byl = 2.611 2612 |l 0.211 0.211
2.614 l 0.211 ]
e T 2.586 2588 || 0.236 0.238
2.591 | 0.240
kg g SR 2.599 2.599 0.253 0.249
2.599 0.245

The knowledge of the specific gravity of the soils allows us
with reasonable accuracy to estimate the nitrogen in the soil
extracts by simply making them up to a definite volume and
Kjeldahlizing an aliquot of it, which is then recaleculated to the
total volume of the liquid.

The ammoniacal and nitrie nitrogen was determined, as was
also the moisture of the soils, in hoth the wet and air-dry sam-
ples. While the percentages of ammoniacal and nitric nitrogen
make it possible to find the proportion of the organic nitrogen by
subtracting their sum from the total secil nitrogen, they are of
further interest in that they represent the immediately available
nitrogenous plant food and show at the same time what is going
on in the plots in the way of ammonification and nitrification.
The data in question are recorded in Tables TTI, IV, V and VI,



127
TABLE IIL

AMMONIACAL NITROGEN IN THE WET SOIL SAMPLES OF THE
VARIOUS PLOTS.

. . |
Ammoniacal Nitrogen found

Wet PO Per cent of

Plot SQH i tpt;\] soil Average
used Per cent of | Nitrogen

Grams Gram oven-dry Average |
~ T o T A soil ‘

A cev. B0OO| 0.0003510 0w.000836! 0.000668 0.209' 0.167
| 50.0] 0.0002106 | 0.000501 0.125,

B 500| 0.0004914 0.001208{ 0.001035 323 0.277
50.0 | 0.0003510| 0.000863', A 0.23

C co.of B50.0| 0.0003510| 0.000870] 0.000870 0.239 0.239
50.0 | 0.0003510| 0.000870 0.23¢

D ceeo 50O 0.0002106 | 0.000512| 0.000512 0.160 0.160
50.0 | 0.0002106 | 0.000512 0.160

IO <... 1 5000 0.0002106 | 0.000502 0.000502 0.187 0.187
500 0.0002106 | 0.000502 0.187

G <ooo| B0O.O| 0.0002808 | 0.000663| 0.000663 0.270 0.270
50.0 | 0.0002808| 0.000663 0.270

1 ..o 50.0( 0.0000702 | 0.000164! 0.000328 0.077 0.153
| 50.0| 0.0002106| 0.000492 0.230

K cooo T RO 0.0002808| 0.000658| 0.000576 0.296 0.259
50.0 1 0.0002106 | 0.000494 0.222

L <o 500 0.0006318 |  0.001500| 0.001333 0.649 0.577
50.0 | 0.0004914 | 0.001167 0.505

M ceee| 50.0| 0.0000702| 0.000168] 0.000168 0.076 0.076
50.0 0.0000702 | . 0.000168 0.076

0 <o 50.0 0.0000702| 0.000159| 0.000238 0.074 0.111
50.0 | 0.0001404 | 0.000318 ‘ (.148

P ~+--| 50.0| 0.0002106 | 0.000509; 0.000509 0.234 0.234
50.0| 0.0002106| 0.000509 0.234

R <o« | 50.0] 0.0002106] 0.000483| 0.000483 0.223 0.223
50.0( 0.0002106| 0.000483 0.223

S l....1 50.0] 0.0002808| 0.000637| 0.000477 0.302 0.227
| 50.0| 0.0001404| 0.000318 0.151

i <--+| 50.0] 0.0002808| 0.000647| 0.000566 0.272 0.238
50.0/| 0.0002106| 0.000485 0.204

v <---| 50.0] 0.0004212| 0.000944 0.000944 0.379 0.379

As can be seen from the figures just presented, the amount of
ammoniacal nitrogen which was estimated by distillation with
magnesia is very small throughout all the plots. This is also
true of the air-dry soil samples recorded in Table TV.

‘While the percentage of ammoniacal nitrogen in both the wet
and air-dry soil samples is on the whole insignificant, a closer ex-
amination of the figures contained in Tables IIT and IV shows
that, without a single exception, the ammonia in the wet soils is
somewhat lower than in the corresponding air-dry soils. This is
at first sight striking when we take into consideration that both
tables were calculated to the same (dry) basis and that the wet
as well as the air-dry soils represent identical samples, with the



128
TABLE IV.

AMMONIACAL NITROGEN IN THE AIR-DRY SOIL SAMPLES OF
THE VARIOUS PLOTS.

2 Ehat Ammoniacal Nitrogen Found ‘
-dry
Plot s0il | Average
used Gram Per cent of Per cent of
Grams oven-dry Average total soil
== =t i __soil . b Ngreogenm |l © .
D 50.0( 0.0003791| 0.000796| 0.000649 0.249 0.203
50.0 | 0.0002387| 0.000501 0.158
13 50.0( 0.0003791| 0.000792| 0.000792 0.296 0.296
50.0 | 0.0003791| 0.000792 0.296
G 50.0 | 0.0005195| 0.001081| 0.001227 0.439 0.498
50.0 | 0.0006599 | 0.001373 0.558
I 50.0 | 0.0005195| 0.001072| 0.001072 0.501 0.501
50.0 [ 0.0005195| 0.001072 0.501
K 50.0 | 0.0005195| 0.001070{ 0.001070 0.482 0.482
50.0 | 0.0005195| 0.001070 0.482
L 50.0| 0.0008003 | 0.001653| 0.001508 0.716 0.653
50.0 | 0.0006599 | 0.001363 0.590
M 50.0| 0.0003791| 0.000783; 0.000856 0.354 0.387
50.0 | 0.0004493 | 0.000929 0.420
(0} 50.0. 0.0003791| 0.000782| 0.000782 0.364 0.364
50.0.| 0.0003791| 0.000782 0.364
r 50.0 | 0.0005195| 0.001077| 0.001077 0.494 0.494
50.0| 0.0005195| 0.001077 0.494
R 50.0 [ 0.0003791| 0.000783| 0.000783 0.361 0.361
50.0 ( 0.0003791| 0.000783 0.361
S 50.0 | 0.0005195| 0.001069; 0.000924 0.507 0.438
50.0( 0.0003791| 0.000780 0.370
T 50.0 | 0.0005195| 0.001077| 0.001077 0.453 0.453
50.0 | 0.0005195| 0.001077 0.453
v 50.0 | 0.0005195| 0.001078| 0.001078 0.433 0.433
50.0 | 0.0005195| 0.001078 0.433

ditference, of course, that the samples recorded in Table TV were
air dried prior to estimating the ammonia in them, and with the
further difference that the ammonia determinations of the air-
dry soils were made first. The estimation of ammonia in the wet
soils was carried out after they had been allowed to remain in
sealed jars for about one year. This accounts for the differences
noticed, as there can be no doubt but that a part of the ammonia
in the wet soils must have changed to nitrates as a consequence
of which the amount of nitrates in the wet samples must be
higher than in the air-dry samples. This was found to bhe actu-
ally the case as the examination of Tables V and VI shows.

In connection with Table V these explanations should be
made. Ordinarily about 1000 grams of soil were used for the
estimation of the nitrates. This quantity was either inereased or
decreased depending on the amount of soil available for this es-
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timation. The accurately weighed soil was mixed with double
the amount of water, including the moisturc already in the soil,
and during two days was regularly shaken each hour. The
soil was then allowed to settle, the supernatant liquid filtered
into a graduated cylinder and divided into two halves. The
amount of oven-dried soil corresponding to the volume of the
liguid used was then calenlated. It is recorded in the fourth
column. The nitric acid of the extract was decomposed with
ferrous chloride, in the presence of hydrochlorie acid, to nitrie
oxide the volume of which, on reduction to O°C and 760 mm.
har. pressure, was calculated to nitrogen in grams which will be
found in the eighth column. The other data need no explana-
tion.

The determination of the nitrates in the air-dry soils is con-
tained in Table V1.

An examination of the data in Table V and VI reveals the
fact that the percentage of nitrates in the wel soils 18 consider-
ably higher than in the air-dry ones. Recalling that the reverse
was true as far as the proportion of ammonia in the wet and
air-dry soils is concerned, it is hut logical to conclude that the
ammonia in the wet soils was transformed into nitrates. It
should be borne in mind, however, that the soils under examina-
tion contain, in addition to ammonia and nitrates, also organic
nitrogen, and it must he due to this factor that the increase of
nitrates in the wet soils is larger than the decrease of ammonia
in them. This has logically to he attributed to the fact that dur-
ine the six or eight weeks which elapsed between the nitrate de-
terminations in the air-dry soils on the one hand and in the wet
soils on the other, not only the ammonia present as such in the
wet soils, but also the ammonia which is constantly split off from
the organmic¢ nitrogenous compounds, is gradually transformed
into nitrates.

At any rate, the total pencentage of ammonia and nitrates is
small throughout all the plots, being a few thousandths of one per
cent caleulated to the oven-dried soil as a bisis, or from about 0.4
to 1.4 per cent of the total soil nitrogen, recalling that the amount
of ammoniacal and nitrie nitrogen actually present in the soils
is represented by the air-dry samples. Thig means that about 99
per cent of the total nitrogen is present in the soils in the shape
of organi¢ compounds. Their separation into amides, diamino
and monamino acids was performed by the method used in Part
T of this bulletin. The results are presented in Table VII.

As far as the data given in Table VII are concerned, it should
be remembered that the phosphotungstic acid precipitate desig-
nated in the table as nitrogen of diamino acids, and the filtrate
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TABLE VII.
AMOUNT OF NITROGEN IN THE VARIOUS COMPOUNDS.

Per cent of | Per cent of | Per cent of
l Gram oven-dried | total soil Nitrogen
soil Nitrogen in solution
Total nitrogen in solu-
tion (obtained by
boiling with hydro-
chloric acid) ....... 0.14778 0.3415 85.36 100.00
Ammoniacal nitrogen. | 0.00030 0.0007 0.17 0.20
Nitrogen of acid
SIRANER, LA AR el 0.04167 0.0963 24.07 28.20

Nitrogen of amino
acids (difference
Eram= TO0NS S0 0.10581 0.2445 61.12 71.60

Total nitrogen in solu-
tion (obtained by
boiling with hydro-

chlorice acid) ....... 0.08050 0.2936 78.92 100.00
Ammoniacal nitrogen. 0.00104 0.0038 1.02 1,29
Nitrogen of acid

En T R S R A 0.02363 0.0862 23.17 29.35
Nitrogen of diamino

Rl Ty ST B SR 0.00778 0.0284 7.63 9.67

Nitrogen of monami-
no acids (difference
ERGTRE SEGOY e L 0.04805 0.1762 47.11 59.69

Total nitrogen in so-
lution (obtained
by boiling with

hydrochloric acid)..| 0.11472 0.3027 83.15 100.00
Ammoniacal nitrogen. 0.00034 0.0009 0.24 0.30
Nitrogen of acid

%o 16 (7 S S R 0.03189 0.0841 23.12 27.80

Nitrogen of amino
acids (difference
FEQISROMYN o s s e 0.08249 0.2177 59.79 71.90

Total nitrogen in solu-
tion (obtained by
boiling with hydro-

ehlorie acid) . ... .. .. 0.25696 0.2654 83.19 100.00
Ammoniacal nitrogen.| 0.00062 0.0006 0.20 0.24
Nitrogen of acid

AMIAES Soce e 0.07015 0.0724 22.71 27.80

Nitrogen of amino
acids (difference

from 100) <vibops oo 0.18619 0.1923 60.28 72.46
Total nitrogen in solu-

tion (obtained by

boiling with hydro-

chlorie acid) ....... 0.227156 0.2462 91.88 100.00
Ammoniacal nitrogen. 0.00074 0.0008 0.30 0.33
Nitrogen of acid

L ) e R 0.06474 0.0702 26.19 28.50

Nitrogen of amino
acids (difference
st adof7alan (1 (1 RERSEEES BARERRSR 0.16167 0.1753 66.39 TLLT

Total nitrogen in solu-
tion (obtained by
boiling with hydro-

chloric aecid) ....... 0.20817 0.20717 93.56 100.00
Ammoniacal nitrogen. 0.00110 0.0011 0.49 0.53
Nitrogen of acid

BEIEABE" & v sy on 0

.05619 0.0661 25.26 26.99
Nitrogen of amino .

acids (difference .
fram 000 et 0.15088 0.1505 | 67.81 _72.48
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TABLE VLI. (Continued.)

Per cent of | Per cent of | Per cent of
Plot ’ Gram oven-dried | totalsoii Nitrogen
. L T | Lar soil Nitrogen | in solution
L Total nitrogen in solu-

tion (ohtained by

roiling with hydro-

chlorie acid) ....... 0.21100 0.2111 1.89 100.00
Ammoniacal nitrogen. | 0.00150 0.0015 0.65 (1 G
Nitrogen of acid

OIS L, A L 0.05904 0.0591 25.57 27.98
Nitrogen ol amino

acids (difference

from: Y00Y &. .. 540, 0.15046 0.1505 66,17 7L 8L

0 Total nitrogen in solu-

ticn (obtained by

boiling with hydro-

chlorie acid ... ... 0.18661 0.2006 03.29 100.00
Ammoniacal nitrogen. 0.00072 0.0008 0.36 0.39

Nitrogen of acid

RIOTL RN e ST e 0.05926 0.0638 29.67 3l A
Nitrogen of diamino

TS e b s Ieen G L DnG - 0.03396 0.0365 16.98 18.20
Nitrogen of monamino

acids (difference

R, 00 e et o 0.09257 0.0995 46.28 19 .61

I’ Total nitrogen in solu-

tion (obtained by

:oiling with hydro-

chlQrit” Stadl) & sy 22 0.17053 0.1949 89.39 100.00
Ammoniacal nitrogen. 0.00094 0.0011 0.49 0.55
Nitrogen of acid

RGeS sl o ne 0.06762 0.0659 | 30.24 33.83
Nitrogen of amino

acids (difference

Frer oy TR & e Feslel G RRT 0. 1878 H8.66 G 68

R Total nitrogen in solu-

tion (obtained by

boiling with hydro-

(I E s Tl Tl Q I S A 0.17353 0.1877 86.561 100.00
Ammoniacal nitrogen. 0.00072 0.0008 0.36 0.41
Nitrogen of acid

SRR % . e m s 0.04775 0.0514 23.71 27.40
Nitrogen of diamino

[ ST e 0.02780 0.0301 13.86 16.02
Nitrogen of monamino

acids (difference

from 100) .......... 0.09746 0.1054 48.59 56.16

from that precipitate designated as nitrogen of monamino acids,
do not exclusively represent diamino and monamino acids. Like-
wise, what is recorded in the table as nitrogen of amino acids,
which was obtained by subtracting the sum of ammoniacal and
amido nitrogen from the total nitrogen in solution, does not rep-
resent amino acids only. In addition to diamino and monamino
acids, the phosphotungstic acid precipitate and the filrate from
this precipitate may contain also nitrogenous compounds not
helonging to the amino acid class. This has been demonstrated
in Part I of this bulletin as well as in a previous® investigation.

The fact that the phosphotungstic acid precipitate and the
filtrate thereof, in the case of the plots recorded in Table VI,
actually contain diamino and monamino acids has been ascer-

2loc. cit.
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tained by a number of tests of which those made with the soil
extracts of the plots O and R may be given here. Thus, the
phosphotungstates obtained from these two plots having been
freed from phosphotungstic acid, yielded solutions which dis-
played the following reactions:

1. Phosphotungstic acid gave a heavy, white precipitate.

2. Phosphomolybdic acid gave a yellow precipitate.

3. Silvernitrate gave a grayish-white precipitate, soluble in excess
of ammonia.

4. Mercuric chloride gave a grayish-white flocculent precipitate.

5. The aqueous solution was strongly alkaline.

6. Addition of neutralized formaldehyde to the alkaline solution
brought about an acid reaction.

The filtrates from the phosphotungstates, obtained from the
two plots under consideration, displayed optical acitvity. Thus,
the observation of the aqueous solution obtained from plot O
and freed from inorganic salts by crystallization, showed in the
2 dm. the rotationq =—027". When acidulated with 5ee. of
cone. hydrochloric acid the same solution rotated a=+10.15°.

In the case of plot R the corresponding aqueous solution oh-
tained from about 150 grams of soil rotated in the 2 dm. tube as
follows: a=——0.67". On having been mixed with 10ce. of cone.
hydrochloriec acid the same solution showed the rotation
a=710.47°. The contents of the polariscope tubes of plots O and
R having been freed from the bulk of hydrochlorie acid by evap-
oration showed, upon addition to themn of formaldehyde, increased
acidity corresponding to several ce. of "/, barium hydroxide, etc.

CONCLUSIONS.

1. The amount of ammoniacal nitrogen in all of the plots
examined is insignificant, ranging from 0.000649 to 0.001508 per
cent of the oven-dried soil, or from 0.203 to 0.653 per cent of the
total soil nitrogen. Likewise, the proportion of nitrie nitrogen is
small, namely lrom 0.00005 to 0.00269 per cent of the oven-dried
soil, or from 0.02 to 1.00 per cent caleulated upon the total soil
nitrogen. This leaves about 99 per cent of the total soil nitrogen
‘in the form of organic compounds.

2. The proportion of amido nitrogen is quite considerable,
ranging from 26.99 to 33.83 per cent calculated upon the nitro-
gen obtained in solution by boiling with hydrochlorie acid.

3. Among the nitrogenous compounds, contained in the rest
of the acid-soluble nitrogen, the monamino acids and diamino
acids were found to be present in considerable (uantities.



INFLUENCE OF VARIOUS FACTORS ON
DECOMPOSITION OF SOIL ORGANIC
MATTER

By S. L. JODIDI and A. A. WELLS,

One of the chief objects of humus investigations is to find
out the chemical composition of soil humus, which will undoubted-
ly require a number of years of hard labor by competent re-
searchers. Agriculture will in the meantime have to look for
methods which in a general way indicate the behavior of soil
humus as affected by physical, chemical or bacteriological factors.
To such methods belong those showing the degree of chemical
changes taking place in the soil organic matter under certain con-
ditions. To be sure, such changes while chemical in nature, are
not brought about by purely chemical means. They represent
rather chemical-physiological phenomena in which the activities
of certain micro-organisms are involved, the life functions of
which, broadly speaking, are subject to similar physical and
chemical laws as those of the higher plants. In both cases mois-
ture, temperature, light, air and chemical factors play a very
prominent part.

In order to get an idea as to the changes which may occur in
the soil, we must first of all realize what elements are contained
in soil humus. Since it represents the transition stage between
the dead vegetable matter from which it is principally derived,
and its final decomposition phase so to speak, i. e., the ash, we
should logically expect to find in the soil organic matter the ten
well-known elements, which are essential for plant life, though
in different proportions. This being the case, it is at once evi-
dent that, theoretically, the changes taking place with any one
of these clements may give us some idea as to what is going on
with the whole of the soil humus. Further contemplation, how-
ever, will show us that there are only two elements whose oxida-
tion ean serve as a measure of the changes taking place in soil
humus. The requirements which an element must answer to be
suitable for the purpose indicated are these: It must occur in the
humus in a considerable proportion and it must at the same time
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be easily determinable in the least possible time. Neither the in-
organic clements, potassium, caleium, magnesium and iron, nor
the metalloids, sulphur and phosphorus, tully possess those
qualities. The elements, hydrogen and oxygen, usually oxidized
in the soil to water, are also to be eliminated from consideration
for similar reasons. There remain, then, but two clements,
namely, carbon and nitrogen, whose rate of oxidation can serve
as a measure of the oxidation of humus.

Whereas the changes taking place with nitrogen undoubtedly
throw considerable light upon the behavior of humus as a whole,
it should be remembered that measuring the nitrogen requires
too mueh time inasmuch as it involves several determinations,
namely, of ammonia (liberated as such from humus) and of
nitrites and nitrates, the oxidation products of the former. This
renders the sinmultancous examination of a number of plots not
quite feasible. Carbon, on the other hand, oxidizes under the
ordinary methods of soil cultivation to but one form, namely,
carbon dioxide, which can easily and accurately be measured,
even under field conditions. In addition the tact should also be
borne in mind that carbon makes up a very considerable part of
humus, namely more than fifty per cent of it. The above con-
siderations point to carbon as the very element whose oxidation
can best serve as a measure to determine the rate of oxidation of
the humus.

Before presenting the data in question it may not be out of
place, for reasons outlined below, to give here the analyses show-
ing the total percentage of humus and of total and available
phosphorie acid, as well as of carbon dioxide contained in the
form of carbonates in each of the plots examined.

As already mentioned, decomposition of soil organic matter is
no longer considered as a chemical phenomenon. Viewed in the
light of modern researches, it is rightly looked upon as a biologic-
al process in which various species of micro-organisms are con-
cerned. It is further well known that the activities of certain
hacteria. can materially be affected by the presence of acids,
alkalies and salts.  Thus, nitrification is aided by the presence of
basie substances such as carbonate of lime, which are nceessary
[or the neutralization of the nitric acid formed. Likewise, the
presence of some inorganic salts, e. g., phosphates, in certain
proportions will stimulate or retard the activities of certain
micro-organisms. It is for these reasons that determinations of
carbon dioxide of the carbonates present in the soils, as well as
of total and available phosphorie acid, were made with a view of
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TABLE 1.
1 L ] |
| Total Phos- g E,° }
Humus phoric acid ,22 ;C“; :
PLOT | Rer GENE | D mas REMARKS
| Per cent. ‘ P.0s |3 5T
i e e

B SRS R e 4.54 0.025
B wy o o a A - 4.02 0.027 [The total phosphoric acid
O Fo. b ads 4.62 0.032 as well as the more ac-
D ovrvriomenymes 3.70 0.029 tive forms of it were
R R 3.67 0.110 not determined in
O S T A ] el 3.27 0.107 0.036 some of the plots be-
A G ol i 3.04 0.100 0.028 cause the soil samples
e P e amd s 2.87 0.105 in question were not
I . e 2.73 0.099 0.009 large enough for mak-
5 Braetmaeel bl 2.74 0.120 ing all of the analyses.
B s 256 it 2.46 0.126 0.010
L P S et = € 2.66 0.094 0.009
DL AN 2.65 0.106 0.011
N o 0t Tt o 2.85
0 5 b XL et SRS 2.27 0.079 0.008
T annhenft aog A8 3.20 0.100 0.034
Q@ rgollg g, 3.5
Bl e 2.70 0.111 0.032
B e ee el 2.42 0.112 0.013
P = Y o, 2.99 0.115 0.027
I a8 nadaks 3.44
Vi o8 o elad 3.27 0.109 0.026

determining their infuence upon the hehavior of humus in the
particular plots under examination.

While humus, as well as the total and more active forms of
phosphorie acid in the soils, were determined according to the
official methods (see Table I), the estimation of carbonates pres-
ent in the soils was carried out, after the somewhat modified
method of Mulder, Stolba and Kolbe.!

THE METHODS AND APPARATUS EMPLOYED.

Some details of this wethod can best be seen from the accom-
panying prints. N in Figure 1 represents a boiling flask in
whieh the soil under examination is to Le decomposed with acid.
The accurately weighed tubes, B and K, ave filled with soda-lime
for the absorption of carbon dioxide evolved from the acid-treated
soil and contain in their upper shanks some calcium chloride to
prevent loss of vapor. All the other tubes serve simply for their
protection, namely, tube A contains caleium chloride in the lower
part only ; the tubes B and D are also filled with ealcium chloride,
while C econtains pumice stone covered with water-free copper

1Annal. (Liebig), 119, 130; Zeitschr. f. analyt. Chem. 2, 49; 2, 341.
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sulphate. The four tubes named are designed to free the evolved

carbon dioxide from vapor and hydrochlorie acid, while the tube
. (4, the left and right shanks of which are filled with caleium
chloride and soda-lime, respectively, serves to protect tube F

FIGURE 1.
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FIGURE 2.

from outside vapor. The decomposition of the weighed soil in
question takes place in the flask N by means of hydrochlorie acid
or any other suitable acid, which is introduced into N through
the funnel i by opening the pinch cock K. The carbon dioxide
evolved passes through the system of tubes, heing absorbed in E
and F, and is regulated by the cock Q which allows the water to
run from the aspirator R with the desired speed. The bubbles
passing through the tube II, which contains some water in its
lower part, enable one to observe the speed with which the carbon
dioxide 1s evolved. As soon as the acid is no longer able to
evolve carbon dioxide from the soil at room temperature, the fun-
nel 1 is removed and the apparatus is connected with the tube T
(see Fig. 2), which 1s filled with soda-lime and is connected
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with the flask ' containing potassium hydroxide. The flask N is
now heated just long enough to bring its contents to the boiling
point, while a continuous and uniform outflow of water from the
aspirator R is maintained which causes all of the carbon dioxide
contained in the system to be absorbed by the tubes E and F.
Ordinarily the absorption of carbon dioxide is completed in
about ten minutes. The increase in weight of these two tubes
after the decomposition of the soil over that hefore the experi-
ment expresses the exact amount of carbon dioxide present in the
soil in the shape of carbonates.

It may be mentioned here that the determination of earbon
dioxide in the carbonates was first tried with (eissler’s apparatus.
ITowever, the results secured with that apparatus were so unsat-
isfactory that it was decided to make the carbon dioxide estima-
tions with the apparatus just described. Again, the evolution of
carbon dioxide from the carbonates was tried with dilute hydro-
chlorie, nitric and phosphoric acid. While the data secured with
hydrochlorie acid were accurate, as were also those with phos-
phoric acid, the results obtained with nitrie acid, because of the
evolution of red fumes, were generally too high, for which
reason only the estimations made with hydrochloric and phos-
phorie acid were included in the average. The ficures obtained
are recorded in Table II. A discussion of the results found will
be given at the end of this bulletin.

TABLE II.

Air-dry | Corres- Carbon dioxide [COz] found
soil ponding 2o N
PLOT oven-dry| Acid | |
Grams [soil Used Total
Grams .Gram  |Percent | Average Average
— - - ra— e TR ‘ S I et —
A c...| 4.0000 3.775 ] HCI 0.0025 | 0.066 0.060 0.124
10.0000 | 9.437| HCI 0.00562 | 0.055
10.0000 9.437| HNO, | 0.0221| 0.234 0.234
‘ 10.0000 | 9.437 | H,PO,| 0.0128 | 0.135 0.123

10.0000 | 9.437 | H,PO,| 0.0125| 0.132
B |....| 10.0000| 9.489| HC1 | 0.0064| 0.067 0.052 0.120
10.0000 | 9.489 | HCl | 0.0050 | 0.053
10.0000 | 9.489| HCI | 0.0033 | 0.035
10.0000( 9.489( HNO,| 0.0308| 0.325 0.325
C -+o+ | 10.0000 | 9.476 | HC1 | 0.0059 | 0.062 0.069 0.069
10.0000 | 9.476| HC1 | 0.0064| 0.068
10.0000 | 9.476 | HC1 | 0.0074 | 0.078

D “ ‘e 1050000 | 9.524 | HCI 0.0037 | 0.039 0.036 0.036
3 10.0000 | 9.524 | HCl 0.0031 | 0.033
1)) 10.0000 | 9.548| HCI 0.0053 | 0055, 0.049 0.049

‘ 10.0000 | 9.548| HC1 0.0040 | 0.042
’ 10.0000 | 9.548| H,PO,| 0.0046 | 0.048 0.048|
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TABLE LI (Continued.) $
Air-dry | Corres- ’ Carbon dioxide [cO=] found
s0il ponding
PLOT oven-dry| Acid
Grams |soil Used | Total
Grams Gram |Percent | Average Average

T

U

11020000 9.576 | HCI 0.0016 | 0.017 0.033 0.030
10.0000 | 9.576 | HC1 0.0038 | 0.040
10.0000 | 9.576 | HC1 0.0041 | 0.043
10.000C | 9.576| H,PO,| 0.0021[ 0.022 0.02¢
16.0000 | 9.613| HCI 0.0042 | 0.044 0.035 0.035
10.0000 | 9.613| HCI 0.0029 | 0.030
10.0000 | 9.613 | HC1 0.0031| 0.03%
10.0060¢| 9.615| HPO,| 0.0034| 0.03L 0.03F
10.0000 | 9.688 | HCI 0.0050 | 0.05% 0.041 0.046
16,0000 | 9.688 | HC1 0.0029 | 0.030
10 0004 | 9.688| H,PO,| 0.0053| 0.05f 0.05F
10.0000 | 9.697| HCI 0.0054 | 0.056 0.04§ 0.048
10.0000 | 9.697 | HCI 0.0040 | 0.041
10.0000 | 9.698 | HCI1 0.0030 | 0.081 0.031 0.031
10.0006 | 9.698 | HCI 0.0031 | 0.03%
10.0000 | 9.714| HCI 0.003€¢ | 0.037 0.03¢ 0.036
10.0000 | 9.714| HC1 0.0024 | 0.02%
10.0000 | 9.714 | HC1 0.0045 | 0.046
106.0000 | 9.682| HCI 0.0030 | 0.031 0.034 0.034
10.0200| 9.68: HCI 0.0036 | 0.037
10.0000 | 9.676  HCI 0.0025 | 0.026 0.027 0.031
10.000( | 9.676| HCI 0.0027| 0.028
10.000C | 9.67¢| H,PO,| 0.0037| 0.038 0.03¢
10.000( | 9.666 | HCl 0.0036 | 0.037 0.031 0.031
10.030( | 9.666 | HCI 0.0024 | 0.025
10.0000 | 9.689| HCI 0.0035 | 0.036 0.040 0.040
10.000C | 9.689 ' HC1 0.0042 | 0.044

10.0006 | 9.649| HCI 0.0025 | 0.026 0.024 0.024
10.6300 i 9.646 HCI 0.0021| 0.022
10.0000 ; 9.680| HCl 0.0016 | 0.017 0.02¢ 0.029

10.0006  9.680 HCI 0.0028 | 0.029
10.0000 | 9.680 HCI 0.0039 | 0.040 |
10.0000 | 9.687| HCI 0.0029 | 0.03¢ 0.034 0.034
10.0000 | 9.687| HCl 0.0037 | 0.03¢
10.0000 | 9.719 | HCI 0.0022 | 0.023 0.024 0.030
10.0000 | 9.719 | HCI 0.0024 | 0.02&
10.0006| 9.71¢| H,PO,| 0.0042| 0.043 0.042

10.0000 | 9.647| HCI 0.0018 | 0.01¢ 0.017 0.017
10.0000 | 9.647| HCI 0.0014 | 0.01% |
10.0000 | 9.663| HCI 0.0010| 0.01¢ 0.025 0.025

10.000C | 9.663| HCI 0.0021 | 0.022
10.0000 | 9.663 HCI 0.0043 | 0.044
10.0000 | 9.640, HCI 0.0027 | 0.028 0.032 0.032
10.0000 | 9.640 |, HCI 0.0034 | 0.035

|
I
| | |

The idea of ascertaining the influence of physical factors, like
moisture, temperature, air, light, as well as of certain chemiecal
substances upon the decomposition of the organic matter in the
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soil is not new. Kostytscheff,? Schloesing,® Wollny.* Deherain,®
Soyka,® Warington,” and Boussingault® experimented along those
lines. While some of them tried to find out the rate of oxidation
of the organic matter by determining the amount of carbon diox-
ide evolved under the influence of certain factors, the others did
it by estimating the proportions of ammonia, nitrites and nitrates
produced. The observations of the investigators named have
this in ¢ommon : they represent chiefly laboratory experiments in
which sinall amounts of soil mixed with other materials were put
into tubes, c¢ylinders or other vessels and the rate of decomposi-
tion stated. Other experimenters, too, worked along similar
liries though some field ohservations were also made.

Results secured on a small scale in the laboratory may not
necessarily hold good for field conditions. [t was, therefore,
deemed advisable to carry out similar experiments directly in
the field and all the more so since we had at our command a
number of plots under a variety of conditions. The fact that not
less than twenty-two plots were to be under observation rendered
determinations of aminonia, nitrites and nitrates practically in-
[easible, and it was decided to measure the rate of oxidations
taking place in the soil by the amount of carbon dioxide evolved.
It is evident that the greater the decomposition of the organic
maiter in the soil, the richer in carbon dioxide will he the soil
atmosphere and vice versa.

THE FIELD APPARATUS.

The arrangements tor the daily observations, the results of
which are presented in the following pages, were made as fol-
lows: In the first place each of the twenty-two plots under exper-
ment was provided with an iron tube twelve inches long and
with an inner diameter of 4 of an inch. At one end the tube
was drawn out to a point. The periphery of the lower two inches
of the tube was provided with twelve small holes of one-eighth
of an inch diameter. Into the upper part of the tuhe was put a
rubber stopper, a one-eighth inch glass tube, thirteen inehes long,
passing through stopper and all made air tight. This tube stood
out above the iron tuhbe some three inches and recached with its
lower end the periphery holes of the iron tube. In order to pre-
vent completely the outside air from coming into the tube, the
space below the rubber stopper between the glass and iron tube
was in part filled out with paraffin which together with the rub-
ber stopper held both tubes always in the same position.

" Ann. Science agron. fr. et etrang. 1887, II. Fasc. 2, p. 165.

sComptes rendus., 77, 1873, p. 203; ibid., 77, 1873, p. 353.

+Journ. f. Landw. 1886, p. 232. Journ. f. Landw. 1886, p. 243.

sAm. agron., 13, No. 6, 1887, p. 241.

$Zeitschr. Biol, 14, 1878.

TLandw. Versuchsst., 24, 161 (1879).
8Comptes rendus, 86, 22.
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FIGURE 3.
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FIGURE 4,
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For drawing a portion of the soil atmosphere into the tube
just described, its pointed end was forced into the soil of each
plot to a depth of seven inches, the upper end of the glass tube
being connected by means of rubber tubing, with the Orsat ap-
paratus. The whole arrangement can be seen from the photo-
graphs (see Figures 3 and 4) and needs no further description.
By means of the pressure bottle the soil atmosphere is drawn
into the Orsat apparatus, the first 100cc¢. being discarded in order
to force the air out of the apparatus, and the next 100cc being
used for analysis. By alternately raising and lowering the pres-
sure bottle the soil atmosphere is a number of times brought
into contact with the right bulb of the apparatus containing a
solution of potassium hydroxide which absorbs the carbon diox-
ide of the atmosphere. The decrease in volume of the soil atmos-
phere analyzed expresses the proportion of carbon dioxide in it.
Likewise the estimation of oxygen is made by bringing the atmos-
phere, freed from carbon dioxide, into contact with the left bulb
containing an alkaline solution of pyragallol which absorbs the
oxygen. Since the burette of the apparatus has a capacity of
100ce. and is graduated into cubic centimeters with divisions
allowing to record ome-tenth of one ce.. it is evident that the
readings express directly the percentage of carbon dioxide or
oxygen in the soil atmosphere.

In addition to carbon dioxide and oxygen determinations
which were made once a day, the temperature of the air as well
as of the soil in the various plots to a depth of six inches was
regularly observed. The temperature of the soil was recorded
only once a day at the time the carbon dioxide and oxygen estima-
tions were run, while the temperature of the air was recorded
three times every day, namely, at 8 a. m., 1 p. m. and 5 p. m.

In connection with the analytical data secured we must not
omit to mention here that each one of the figures given in the
tables for April, May, June, July and August represents the
average of the observations for a whole month, with the essen-
tial restriction, however, that, as a rule, observations were not
made on rainy days or on such days which immediately followed
a heavy rain, because of the muddy condition of the plots which
rendered observations very inconvenient. Pressing work in -the
laboratory, too. sometimes prevented the field observations in
question. Tt is for these reasons that conclusions from the re-
sults presented in the following tables will have to be made
cautously.

THE INFLUENCE OF MOISTURE AND TEMPERATURE.
In reviewing the data before us we can clearly see the influ-

ence of moisture and temperature upon the decomposition of
soil organic matter. Thus, in June, hoth the soil temperature
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APRIL.
“Temper- [Temper- (Precipi- |Per cent :
| ature of | aturc of |tation in: of Percent|
PLOT ‘ uoir ‘ soli inches ‘ 00y of ‘ Remarks
C oL 1 Ol a
I
|
e i i 2 11.9 2.25 0.500 21.10‘.Maximum and
BN ez 1B | 19.1 121 2.25 0.260 21.20\ minimum air
(B o ly...om 2 oo 19.1 123 2.25 0.220 21.10' temperature
O e o w1 AL 19.1 122 2.25 0.125 20.85, was 18.7° and
TN, | BIA]| 15855 2.25 | 0.125 21.05| 4.2°C respect-
gL o ‘ 1951 13.2 2.95 0.125 20.97| ively.
(67 W o fole= 19.1 13.2 2.25 | 0.100 20.87
i e 5 £ et 19.1 14.0 2.25 0.125 20.95
' spvnPodae-s L9:3 15.2 2.25 | 0.150 21.03
i Sy 19.1 14.3 225 | 0.225 | 21.20
AT L T il [ 19.1 15.0 2.25 0.233 21.13
B e T 19.1 145 2.25 0.225 21.00
M BE A Fhe L. 193 153 2:25 0.175 20.85
NS By Gl & 19.1 16.4 2.25 0.167 21.00
() R 19.1 16.0 2.25 | 0.133 21.20
el e P 19.1 15.5 2.25 | 0.167 21.17
I LT o s [ 16.1 2.25 0.100: 21.00
B ecwm. e ik ‘ 21.6 14.1 k) 0.300 20.50
IR B 21.6 11.6 2125 0.200 20.50
A e it 21.6 11.2 2.25 0.150 20.60
= et ¢ e ‘ 21.6 12.0 225 0.250 20.70
(Ve m o g S ety g 21.6 11.6 2.25 ‘ 0.150 20.50
Average ....| 19.85 | 13.82 | 2.25 i 0191 | 20.93
o Bk} y T MAY
Rl et - orarat. ....[Maximum and
| 18.80 | 14.64 | 1.55 | 0.14 20.27| minimum air
Y U0 B < ok 18.80 14.84 1.55 0.30 20.50| temperature
T A Ne [ dulin & - 18.80 14.54 1.55 0.16 | 20.46| was 20.5° and
IR o e 18.54 | 14.50 1.55 0.19 20.55| 5.8°C respect-
s .. et 18.54 14.51 1.55 0.21 20.49| ively.
o S Backis Do = 18.54 14.70 1.55 0.16 20.60
U aier o fer o 18.54 14.86 1.55 0.15 ! 20.54
s el 18.54 15.45 1.55 0.19 20.60
T T e T Ol | 18.54 15.68 1.55 0.14 20.52
SRR P rR as | 18.54 16.20 145t 0.25 20.58
| R Ay P, e 18.54 17.05 1:55 0.25 20.75
" I ST - 18.54 17.29 iL55 0.19 20.55
Sl JE 0 18.54 17.20 1.55 0.21 20.58
] e e 17.80 17.94 1.55 0.16 20.63
IO= JF e R et e 17.80 17.90 1.55 0.17 20.64
W . L.
e S P e 17.80 17.89 1.55 0.16 20.69]
S 4 ot B DR B Dombl: 17.80 17.70 1.55 0.13 20.70
R0 o End T T B 17.80 17.99 1.55 0.19 20.77
UL ooty o ol S 17.80 18.01 1.55 0.17 20.81
VAl o BT Bl e o 17.80 17.93 1.55 0.13 20.70
Average ....| 18.32 16.34 1.55 0.182 20.60
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JUNE.
‘Temper- [Temper- |Precipi- Per centjPercent
ature of |ature of [tation in s} o
PLOT Air e soilU ! inches CO. (6] Rematks
‘ \
T S ke bk B 31.8 | 22.50 2.36 0.10 19.90’Ma,ximum and
e 28.1 ‘ 22.20 2.36 0.04 19.93| minimum air
(O T 28.1 22.50 2.36 0.82 19.36| temperature
| S WY 281 | 22.60 2.36 0.20 20.38| was 27.7° and
Bl b it 25.6 | 21.80 | 2.36 | 0.14 20.49| 12.5°C respec-
M) e e f 25.7 ‘ 21.00 2.36 0.11 20.53| tively.
G s = ot it 2 25.7 20.97 2.36 0.12 20.63
Bl e e AirF b 25.7 20.88 2.36 0.44 | 20.26
[T Por S e T R 25.7 21.44 2.36 0.18 20.56
LR Pl e 26.7 21.86 2.36 | 0.20 20.61
B ek o 25.7 | 21.68 | 236 | 0.40 | 20.35
T e e il 274 | 2338 | 2.36 | 0.40 } 20.53
L Y A 27.4 23.62 2.36 ‘ 0.32 20.52
N b et il | 274 24.05 2.36 \ 0.46 20.34
(L5 2 g s R GHE 27.4 24.50 2.36 0.27 20.38
| ARt R M B 27.4 23.75 2.36 0.18 20.54
{3 e R e 274 24.42 2.36 0.71 20.15
| it ML W = 27.4 24.81 2.36 0.22 | 20.54
RS e, e R 27.4 24.67 | 2.36 | 0.32 20.60
[ S e e 274 24.07 2.36 0.26 20.64/
T el et 27.4 24.03 | 2.36 | 0.29 l 20.49|
A e 27.4 24.2 2.36 0.40 | 20.49)
Average 27.15 22.95 2.36 ) 0.299 ‘ 20.37}
|
JULY.
AT o F A b o 27.08 21.92 1.42 0.12 20.30|Maximum and
1o e Nl s 27.08 24.35 1.42 0.12 20.36| minimum air
R ey g P | 27.08 24.52 1.42 0.17 20.00| temperature
T el iy 27.08 24.75 1.42 0.40 19.90| was 31.2° and
s g oo e 26.40 24.70 1.42 0.20 20.25| 14.9°C respec-
el = teter il b o 26.40 24.48 1.42 0.28 20.30| tively.
(L L ind et e o 26.40 24.40 1.42 0.38 20.33
T - Ril 26.40 24.34 1.42 0.18 20.57
A S R e 26.40 24.38 1.42 0.26 20.53
R Pk S - e 26.40 24.64 1.42 0.20 20.42
e e e 26.40 | 24.86 1.42 0.22 20.42
T~ St e e 27.00 25.32 1.42 0.28 20.46
1, L et et g 27.00 25.94 1.42 0.20 20.47
DI R R 27.00 26.32 1.42 0.24 20.75
O et A 27.00 28.16 1.42 0.24 20.43
|2 e ey 27.00 27.86 1.42 0.22 20.47
e R g T ) 27.00 25.26 1.42 0.36 20.53
12 il L e 27.00 28.72 1.42 0.20 20.30
A R 27.00 28.50 1.42 0.40 20.33
G e s N 27.00 27.74 1.42 0.38 20.53
g s SN e 27.00 27.90 1.42 0.20 20.60
N ot A 27.00 27.72 1.42 0.38 20.40
Average 26.82 25.77 1.42 0.256 20.39
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AUGUST.
~ |Temper- |[Temper- [Precipi- [Per cent| | o
ature of | aturc of [tation in of Percent
PLOT t air soll inches CO: of Remarks
°C oC I o |
Mot e 26.4 22.04 3.02 0.17 20.03|Maximum and
N s o & 26.4 23.84 3.02 0.34 20.18| minimum air
[ ol el o 26.4 23.85 3.02 0.68 19.93| temperature
" PR S S Y 26.4 23.82 3.02 0.39 20.10| was 29.5° and
B, o, % e i 26.4 23.84 3.02 0.40 20.21} 15.5°C respec-
S S E 26.4 23.84 3.02 0.27 20.23] tively.
% L on vk aewed oy 26.4 23.91 3.02 0.34 20.29
i3 SRR e I B 26.4 23.68 3.02 0.37 20.23
I R et ean & 26.4 24.03 3.02 0.17 20.40
T SRR S RS 26.4 24.02 3.02 0.31 20.29
R Tt e e 26.4 24.17 3.02 0.27 20.33
e Aok .t s 26.4 24.99 3.02 0.29 20.23'
B I S R 26.4 26.10 3.02 0.42 20.40
Weirt 4 o¥ s vl 4 26.4 26.32 3.02 0.41 20.43
08 TR ST S 26.4 25.24 3.02 0.27 20.27
P2 R 26.4 25.37 3.02 0.24 20.44
Qe T 26.5 23.83 3.02 0.36 20.43
P L 26.8 26.45 3.02 0.38 20.34
s Eorls e o 6% e 26.2 25.92 3.02 0.30 20.31
A TR A 26.2 25.59 3.02 0.42 20.42
Y vy 4 26.2 25.42 3.02 0.35 20.51
I RS S 26.2 24.38 3.02 0.42 20.50|
Average ....| 26.39 | 2457 | 3.02 | 0.344 20.30:

(22.95°) and the amount of precipitation (2.36 inches) were
higher than in April (13.82° and 2.25 inches), or in May (16.34°
and 1.55 inches). This caused the organic matter to decompose
more rapidly as a consequence of which the soil atmosphere was
richer in carbon dioxide during June (0.299% ) as compared
with April (0.191%) and May (0.182% ). Again, August with
the largest quantity of precipitation (3.02 inches) and with a
temperature but 1.2° lower than in July, the hottest month of
the season, shows a soil atmosphere richest in carbon dioxide
(0.344%).

The influence of temperature alone can be seen by a com-
parison of April and June with practically the same amount of
rainfall (2.25 and 2.36 inches respectively) but with different
temperature (13.82° and 22.95° respectively). In conformity
with the higher temperature the soil atmosphere was richer in
carbon dioxide during June (0.299%) than during April
(0.191%). We arrive at the same conclussion by comparing
May and July with about the same amount of rainfall (1.55 and
1.42 inches respectively) but with different soil temperatures
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TOTAL AVERAGES FOR SEHASON.
(April, May, June, July, August, 1910.)

Temper- l'cmpclj— | Precipi- Per cent | Percent
ature of ature of | tati- n in of of
PLOT Alr soil . inches COg O

0(_‘177 t)c |

| |
/U A R N e | 2659 19.59 | 10.60 0.220 20.33
BN P oo 23.90 19.63 10.60 0.180 20.38
e e e | 23.90 19.84 10.60 0.440 20.18
B, oo e L [ 23.90 19.80 10.60 0.255 | 203
Tt Ll e S e ST 23.21 19.63 10.60 | 0.211 20.51
T Dt et e 23.23 1941 | 1060 | 0.199 20.50
T el e S 23.23 19.44 10.60 | 0.220 20.54
B P it 3. Al 23.23 19.55 10.60 | 0253 | 2051
R e T 23.23 20.10 10.60 | 0.190 20.62
e 2 el by 23.93 2010 | 10.60 ‘ 0.215 20.62
R TE i o e 1 23.23 20.38 | 10.60 0.275 20.56
Famd ol St e 23.69 21.05 10.60 | 0.189 20.59
Wi ork e U 23.69 21.61 10.60 | 0.261 | 20.56
N L T A 23.69 21.46 10.60 0.297 | 20.62
Orpior v DTGl o 7 el 23.54 22.37 10.60 0.215 | 20.58
Pl i T pde 23.54 22.08 10.60 0.195 | 20.65
TN N e T 25.50 22.40 10.60 0.382 | 2053
Ry e Lol e 24.12 22.39 10.60 0.252 | 20.47
o e Sl £ E 24.00 21.68 10.60 0.270 20.49
AT T e 24.00 21.32 10.60 0.280 20.59
e ot g o Lop £ 24.00 21.47 10.60 0.252 20.62
Vo e T i Al 24.00 2117 | 10.60 0296 | 20.52

|
Average .......... 23.85 20.75 | 10.60 0.252 20.51

(16.34° and 25.77 respectively). As a consequence of the higher
temperature in July, the soil atmosphere was richer in carbon
dioxide (0.256% ) than in May (0.182% ).

The influence of precipitation alone follows from the tables
for July and August with very little difference in soil tem-
perature (25.77° and 24.57 respectively), but with considerable
difference in rainfall (1.42 and 3.02 inches respectively). The
smaller rainfall in July shows a smaller percentage of carhbon
dioxide (0.256% ) in the soill atmosphere than in August
(0.344% ). This conclusion is still further substantiated by the
individual tables for August 13th, 16th, 17th, 18th, 19th and 20th,
with but inconsiderable differences in soil temperature (23.62°,
25.05°, 23.75°, 22.12°, 22.52° and 24.27° respectively). With 0.29
per cent of carkon dioxide in the soil atmosphere on August 13th,
it rose to 0.99 per cent of carbon dioxide hecause of a heavy rain-
fall of one inch on August 15th. The influence of the heavy
rainfall was felt for several days, though owing to inconsiderable
or lack of rainfall in the following days the proportion of car-
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August 13 ’ August 16
" | Precip-| | _ Precip-
Temper- | itation | Per cent | Tempera- |itation | Per cent
ature of in o ture of in of
PLOT soil inches COs sotl inches CO2
TR A e et - 013 ,, * 23.0 0.0 0.1
, <, SRR LA R NN B u 0.13 = 24.0 0.0 1.7
L AF e = T - R - 0.13 * 23.8 0.0 0.3
D oinicciiieniiava ¥ 0.13 e 23.5 0.0 1.5
B s g R Lm i 24.2 0.13 0.3 23.9 0.0 0.7
)il B PR S R 24.0 0.13 0.2 23.7 0.0 1.0
(o M = A & T8 R 23.7 0.13 0.2 24.0 0.0 1.2
| (AR TR O 23.6 0.13 0.6 23.4 0.0 1.2
b e SR SR 23.8 0.13 0.1 24.4 0.0 0.6
e e e N s A e 23.5 0.13 0.2 24.1 0.0 0.9
B s e b aeaa 23.6 0.13 0.2 23.5 0.0 1.3
Bl PO e e s et A i 24.1 0.13 0.4 25.0 0.0 1.1
10 Py - —CRP PR Wy & e 24.6 0.13 0.4 27.0 0.0 1.4
BEE ol RS 2L S 24.5 0.13 0.4 27.1 0.0 1.0
R s s i ey e 22.9 0.13 0.2 25.8 0.0 0.9
2T SRR PEOME SR 23.0 0.13 0.3 27.0 0.0 0.8
(O . v 5 (e B e e e 22.0 0.13 0.2 25.0 0.0 0.8
| | S RSP e T 24.2 0.13 0.4 26.6 0.0 1.1
g = Dy Wt AR Rt R 23.7 0.13 0.4 27.2 0.0 1.0
i 1 G S PR R S 23.2 0.13 0.4 26.5 0.0 1.1
7 40 SRR REE of e R I 24.0 0.13 0.2 27.1 0.0 1.2
A e e o ML PR 22.6 0.13 0.2 25.5 0.0 0.9
Average .......... 23.62 | 0.13 | 0.29 25.05 | 0.0 | 0.99
*Observations prevented by rain.
August 17 August 18
T Ly L 23.1 0.3 0.3 21.5 0.0 0.6
U2t LR N TAE 24.0 0.3 0.6 22.0 0.0 0.5
R e § Pk sie € oon re o ¥ 24.0 0.3 0.3 21.6 0.0 0.2
| S S P S S 23.9 0.3 1.2 21.8 0.0 1.1
HY e g o i A i 24.1 0.3 0.4 21.5 0.0 0.2
W Crrunih e s wh X N 23.4 0.3 0.5 21.2 0.0 0.5
2o AR e R e 0. 0. 21.2 0.0 0.6
L e e SN Further observations 21.2 0.0 0.9
Tt S ekt BsvaRts Do 215 | 0.0 | 0.2
g 1B B bl Wakres 21.5 0.0 0.4
A e N PN | DT 21.5 0.0 0.3
g e T Y 22.5 0.0 0.6
I g Sae s H Y ek o 22.8 0.0 0.6
o CalEh £t b e SPE RN R 23.0 0.0 0.4
O % vty o o e 5 /s 22.5 0.0 0.3
BE  wi s e I iy 22.5 0.0 0.5
CI R e L v S e o 21.5 0.0 0.8
L i SO e P 226 0.0 0.8
Coieb- Bt o VA e, o NG 23.8 0.0 0.5
e e 23.5 0.0 0.6
R S ot E T 23.2 0.0 0.2
VR e E e b o e T S 22.4 0.0 0.5
Average .......... 23.15 0.3 0.54 22.12 0.0 0.51
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August 19 } August 20

o e e Precip- ~ (Pprecip- B

Temper- | itation | Per cent [ Tempera- |itation | Per cent
PLOT ature of in of ture of in [}
s0il inches CO» soil | inches | COu
ARy T e i . 21.0 0.0 0.4 22.0 0.0 0.2
Bty St A TR G s 21.8 0.0 0.2 23.4 0.0 0.1
O o a i o e A A i Bea 21.8 0.0 0.1 24.0 0.0 0.1
15 N RO Ll el ATl 21.6 0.0 0.6 23.5 0.0 0.7
7 A G e A 21.6 0.0 0.1 24.0 0.0 0.1
B e s e sl nn e S 21.5 0.0 0.4 24.0 0.0 0.5
1 T - s AN, - 21.4 0.0 0.3 23.7 0.0 0.4
D st SN oAl A 21.5 0.0 0.4 23.0 0.0 0.8
A S RO 21.8 0.0 0.2 24.0 0.0 0.1
e S TR P e 21.9 0.0 0.3 23.0 0.0 0.3
o R Ty S N e 21.8 0.0 0.3 24.2 0.0 0.2
i S o P B D 231 | 00 | 05 242 | 0.0 | 0.4
| Ly IR SRy S 241 | 0.0 0.6 24.3 0.0 0.5
1 (S A S M-S N 24.1 | 0.0 0.3 25.1 0.0 0.7
B Ny g e & AT D 233 | 0.0 0.3 23.1 0.0 0.2
d 2o A M Al e e 23.6 | 0.0 0.5 25.1 0.0 0.2
@ e e S 22.1 [ 0.0 0.7 24.2 0.0 0.7
L N S B ) ‘ 0.0 24.7 0.0 0.2
'+ N Rl T . 24.8 0.0 0.3 27.7 0.0 0.2
D Sk LA R A e S e 23.3 ‘ 0.0 0.5 25.8 0.0 0.6
R i e, M S 24.4 ‘ 0.0 0.3 26.4 0.0 0.2
e S e M e L 225 | 0.0 0.3 24.5 0.0 0.3

Average .......... 22.52 0.0 0.36 24.27 0.0 0.35

bon dioxide gradually fell from 0.99 per cent (August 16th) to
0.54% (August 17th), 0.51% (August 18th), 0.36% (August
19th) and 0.35% (August 20th).

No observations were made during August 14 and 15. Pre-
cipitation of August 14 and 15 was equal to 0.12 and 1.00 inch
respectively.

It is interesting to note that the average percentage of oxygen
in the soil atmosphere for all the plots and for the whole season
was 20.51%. Adding to this 0.252—the average percentage of
carbon dioxide for the season—we get about 20.89, which is
approximately the percentage of oxygen in the air. This is easily
explained by a consideration of the fact that in the oxidation
process of humus carbon to carbon dioxide, one volume of oxygen
is used for the production of one valume of carbon dioxide as
expressed in the following equation: C+0,—CO,. THence, all
other things being equal, the soil atmosphere differs from the air
in that it is poorer in oxyeen and correspondingly richer in car-
bon dioxide. In other words, the total percentage of carbon diox-
ide and oxygen in the soil atmosphere is ahout the same as in
the air.
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IMPORTANCE CF INCREASED CARBON DIOXIDE IN SOIL.

A higher percentage of carbon dioxide in the soil atmosphere,
pointing to a more rapid decomposition of soil humus, is agri-
culturally an important indication, inasmuch as carbon dioxide
represents plant food. True, the air contains enough carbon di-
oxide to feed all plants. The fact, however, should not be for-
gotten that the increase in mass of any plant is, everything being
equal, proportional to the pericd of its growth. Since, however,
the space of time for the growth of most of the cultivated plants
is limited, the importance of an abundance of carbon dioxide in
the soil atmosphere is quite evident. While the proportion of
carbon dioxide threughout all the plots examined was small,
owing to inconsiderable rainfall in the summer of 1910, we find,
however, that the average proportion for the whole season and
all the plots was 0.252 per cent of carbon dioxide, which is more
than six times the percentage of carbon dioxide present in the
air.  Besides, a higher proportion of carbon dioxide in the soil
atmosphere 1s an indicatien that not merely carbon, but that other
elements contained in the humus, are also being decomposed
which means a new supply of ammania, nitrates, phosphorie acid,
ete.

A further examination of the data in hand shows that the
preduction of carlion dioxide, throueh decomposition of humus,
is on the whole fuirly uniform in all the plots, being for the whole
season lowest i plot B (0.180% CO,) and highest in plot C
(0.4409% CO.). It is of interest to note that the least decompo-
sition took place in plot BB, which was treated annually with
peat, showing the inert character of the latter. The rather uni-
form and in but small degree varying decomposition of soil hu-
mus has as a consequence the constant production of plant food
throughout the growing secason. This is a great advantage as
compared with commercial fertilizers, such as nitrate of soda,
which heing at once soluble and available are not infrequently
leached out of the soil in considerable quantities, while the plants
find ample time to take up the food resulting from the gradual
decay of humus materials.

In addition to the influence of moisture and temperature upon
the decomposition of soil organic matter it was intended to find
cut the behavior of the organie matter as affected hy tillage of
the soil.  For lack of time, however, this guestion could not be
investigated as thoroughly as it undoubtedly deserves. A few
observations only, given in Table TIII, will be given any
space here. Thus, the percentage of carbon dioxide in the soil
atmosphere of the plets B, ¢, D, E and F, was on May 20th, 23d
and 24th quite small. ranging (with the exception of but one
case) from 0.05 to 0.1 per cent. The cultivation of the plots on
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TABLE III.
May 20 | May 23 | Nay24  N:iy 26 | May27 | o e
Plot | CO: | CO: | CO: | COg O3 ‘

\ percent percent I 1 ercent " rercent | percent 1 Remarks

" ——— ! S - —— —— s
B il 0.05 0.06 0.4 ‘ 0.3 | The plots were
G a4 et 0.1 0.1 01 09 | 07 cultivated on
B a o 0.1 0.1 0.1 0.2 ‘ 0.4 May -23 and
Wb G 0.2 0.1 0.1 0.3 harrowed on
P (enmd - 0.1 0.1 0.1 | 02 l May 25.

May 23d and their harrowing on May 25th were followed by an
increase of carbon dioxide in the soil atmosphere, being on May
26th 0.4, 0.9 and 0.2 per cent in the case of plots B, C, D, and
on May 27th 0.3, 0.7, 0.4, 0.3 and 0.2 per cent in the case of the
above named plots. The more rapid decay of humus as affected
by cultivation and harrowing is easy to understand when we con-
sider that tillage operations render possible the free access to the
soil of air, and hence of oxygen, which oxidizes the organic mat-
ter.

INFLUENCE OF CHEMICAL FACTORS ON DECOMPOSITION OF
HUMUS.

Turning to the influence of chemical factors upon decomposi-
tion of soil humus and comparing the results secured for total
and available phosphoric acad (Table 1) as well as for carbon
dioxide of carbonates (Table II) present in the soils on the one
. hand, and for carbon dioxide found in the soil atmosphere on the
other, we fail to find a very definite relation between the figures
in question. It would seem that while it is easy to show the influ-
ence of certain chemicals upon the decay of soil organic matter
in the laboratory, it is not so simple a matter to demonstrate it
under field conditions. TIn the case of the plots examined it may
Le due in part to the fact that all the plots contain fairly uniform
and sufficient amounts of the chemicals under consideration. An-
other, perhaps better, explanation which suggests itself, is that
thie influence of the chemicals being not as significant as that of
physical factors, like temperature and moisture, may perhaps in
some measure be masked by the latter.

A few figures, however, seem to indicate that there is a cer-
tain relation between the percentage of humus in the plots and
the proportion of carbon dioxide in the corresponding soil atmos-
pheres. Thus, plot C, with the highest percentage of humus,
(4£.629% ). shows a soil atmosphere richest in carbon dioxide
(0.4409 ). Likewise, the plots Q and V, with considerable hu-
mus. percentage (3.35% . 3.27% respectively) show a high propor-
tion of earbon dioxide in their atmospheres (0.382%. 0.296%,
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respectively). Plot 13, though with a high humus content,
(4.029%) shows a soil atmosphere poorest in carbon dioxide
{0.180%) which is perhaps due to the inert character ot the peat
which that plot annually received. That the mentioned relation
is not evident in other plots may be due to other chemical factors
which for lack of time have not been touched upon in this paper
and which may play a certain part in the decay of soil organic
matter. It is hoped that a thorough inquiry into this important
question, as well as into others indicated above, will be taken up
as soon os possible.

CONCLUSIONS.

1. Increase of moisture and temperature (as well as tillage
operatiens) was followed by a more rapid decomposition of the
organic matter in all of the plots herein investigated.

2. While owing to a variety of conditions obtaining in the
plots there is a difference in the rapidity with which the organie
matter in them decomposes, it is especially marked in the case
of plot B, which though with a high humus content shows the
lowest percentage of carbon dioxide in the soil atmosphere. It
seems fairly reasonable to ascribe it in part to the inert nature
of the peat with which it was annually treated.



