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THE CHEMICAL NATUREOF THE OR­

GANIC NITROGEN IN THE SOIL 

(Second Part-First Part appeared as Research Bulletin No.1.) 

By S. L. JODIDI. 

INTRODUCTION. 

It was shown in previous' publications that the acid-soluble 
organic nitrogen in Iowa soi ls as well as in Michigan peat soils 
is composed chiefly of acid amides, monamino acids and diamino 
acids. J;"ollowing those publications, and also before, 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, 
arginine2 and histidine, as well as the pyrimidine3 de 
rivative, cystosine and the purine3 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, picoline4 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 
aminoG nitrogen in the peat by Van Slyke's7 nitrous acid method. 

It is true that the above researches add materially to our 
knowl edge conceming the nature 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 organic com 
pounds have been discovered, isolated :md identified, and the, 
way they are linked together has been round out. That makes 
it desirable, if not imperative, to throw more light upon this 
paramount qucstion. 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. 

' Jour, Am. Chern. Soc" 32, 396 (1910); :13 1226 (1911); Michigan Agr, 
Call. Exp. Sta" T ech, Bul. 4 (1909); Iowa Agr. Exp. Sta., Research Bul. 
1 (1911). 

'Jour, Biol. Chern., 8, 381, (1910). 
' Ibid., S, 385 (1910); Bul. 74, Bureau of Soils, U. S. Dept. Agr. 
'Ann, Rept. of Hawaii Agr. Exp. Sta" 1906, p. 55. 
' Jour, Am. Chern. Soc., 33, 564 (1911), 
'Mich. Agr. Exp. Sta., Tech . Bul. No.7, p. 11. 
713erj(:hte d, Deutsch, Chem. Ges., 43, 3170 (1910) , 
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It was for this reason that it was decided to investigate a 

numeer of soil plots as to the nature of the organic nitrogen . in 
them. 

The plots examined, S, 'I and V, formed a part of the Iowa 
Agricultural Experiment Station field which is situated on the 
Wisconsin Drift. 'rhe 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 nitric 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 ta.ken 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 nitric nitrogen in the plots under consideration was quite 
insignificant and attention was therefore directed towards the 
organic nitrogen. 

The separation of the organic llitrogenous compounds into 
acid ami des, diamino acids and monamino acids was performed 
according to the Hausmann-Osborne 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 100cc. to which sulphuric 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 cc. 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, ami do, and diamino nitrogen from 
100. 

The results secured by this method are recorded in Table I. 
The data given in 'fable I need some explanation. In a 

former8 investigation it was demonstrated that with the I-laus­
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 off, 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. 

Plot I Gram of oven of total of Nltro-I Per cent. \ PerCent I Per~cnt 
dried soil Ni:rC;;~en S';I';,~i~~' 

--

S Total 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 ami des .. 0.05397 0.0619 29.35 33.59 
Nitrogen of diamino acids. 0.02773 0.0318 15.08 17.26 
Nitrogen of m 0 n ami n 0 

acids ( difference fro m 
1(0) •• • • •••• •••••• • 0 •• 0.07818 0.0897 42.51 48.65 

T Total nitrogen in ,solution 
(obtained by boiling 
hydrochloric acid) .... 0.20247 0.2199 92.41 100.00 

Ammoniacal nitrogen .... 0.00099 0.0'011 0.45 0.49 
Nitrogen of acid amides .. 0.06789 0.01737 30.99 33.53 
Nitrogen of diamino acids. 0.040'29 0.0438 18.39 19.90 
Nitrogen of m 0 n ami n 0 

acids ( difference from 
100) .................. 0.09330 0.1013 42.58 46.08 

V Total nitrogen in solution 
( obtained by b 0 iIi n g 
with hydrochloric acid) 0.12675 0.2216 88.98 100.00 

Anlmoniacal nitrogen ... . 0.00062 0.0011 0.43 0.49 
Nitrogen of acid amides .. 0.0'4207 0.0735 29.53 33.19 
Nitrogen of diamino a cids 0.G1797 0.0314 12.61 14.18 
Nitrogen of mon am i n 0 

'acids ( difference from 
10D) . , ................. 0.06609 0.1155 46.40 52.14 

'fo find out just how much of the diamino and monamino 
nitrogen given in 'fahle I nctunlly belonged to rlia,mino and mon-

' Jour. Am. Chern. Soc., :13, 1241 (1911). 

I 
• I 
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amino acids, the solutions in question were subjected to analysi:; 
by the formol·titrationO method. 

DETAILS OF THE FORMALDEHYDE TITRATION METHOD. 

A few cautions may not be amiss in connection with the usc 
of this method. In order' to avoid mistakes it is necessary to use 
for titration enough of the amino acids: the more of them em­
ployed for the formol-titration, the more accurate are the re­
sults. Further', it is of advantage to start the formal-titration of 
the soil extract supposed to contain amino acids, not in the allm­
line, but in the acid state; i. e., the soil extract to be formol­
titrated is slightly acidified with hyd rochlol'ic acid EO as to re­
~lUire, say, from one to three cc. of H/ o barium hydroxide. With 

'se precautions and under observation of conditions outlined 
elsewhere,lo the formaldehyde titration method gi ves a~curate 
quantitative results practically for all monamino acids . This 
is also true of the diamino acids in ease one of them only is con­
tained in the sample to be titrated. If several diamino acids 
are preseut , then the calculation of the formol·titrimetrical re­
sults is more complicated. 

The operations in question are conveniently carr ied 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 ~ample, 15cc. are ti· 
trated ill the ordinary Wfly to determine the percentage of acidity 
uf the sutstance, and two portions of 15cc. each are formol-ti­
trJted to find th e increase of acidity due to the reaction with nen­
tra lized formaldehyde. These three operations furnish all the data 
neeessary for the calculation of the percentage of diamino or 
monamino acids present in the substance under examination. 

For the sake of convenience the method of separation of the 
organic nitrogenous compounds into the various groups is sche­
matically pre~ented as follows: 

'Bioch. Zeltschr. 7, 45 (1907); 7, 407 (1908; Zeitschr. physiol. Chern. 60, 
(1909); 64, 121 (1910). 

'"R esearch Bul. 1. Iowa Agr. Expt. Sta., page 35. etc. 
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Digest soil with boiling hydrochloric acid. 

INSOLUBLE RESIDUE. 

Contains nitrogenous bod­
ies of pracUcaIly unknown 
constitution. 

DlSTILLA'l'E. 

Contains ammonia. 

. J-
PRECIPITATE. 

Contains diamino acids. 
Use a small portion for pre­

cipitation reactions, and the 
principal portion for opti·oal 
observations. The latter to 
be used aJ,so for formol-titra­
tion. 

ACID FILTRATE. 

Evaporate and distill with 
magnesia. 

ALKALINE RESIDUE. 

Extract with hot water and 
treat with phosphotungstie 
acid . 

FILTRATE. 

Represents monamino acids. 
Remove inorganic salts by 

crystallization and use final 
mother liquor for optical ob­
servations. Same to be used 
for formol-titration. 

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 amidcs by boiling with acid. Further, the precipitate 
containing diamino acids and the filtrate representing monamino 
acids are freed from phosphotungstic acid by means of 
barium hydroxide the excess of which is removed with CO 2 , The 
filtrate from barium 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 Balts 
by crystallization. Usually the mother liquor was filtered off 
with suction from the first crop of crystals which consisted main­
ly of barium chloridE', They were washed with 96 per cent alcC)-
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hoI. 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 barmm 
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-

DIAMINO ACIDS 

!leactions 

TABLE II. 

lIfONAlIfINO ACIDS 

Polariscordc 
Examination 

Reaction with 
Formaldehyde Rotation 

The diamino adds Plot S. The The mona· Plot S. The 
extracted from the diamino a c i d mino acids ex· nonamino a c i d 
various plots (S, T, solution con· tracted fro m 30lution, with 0.· 
V), displayed the taining 0.006 ~ h e soils ex· H2 gr. nitrogen , 
following reactions: gr . nitrogen, unined, on be· having been acid· 

1. Phosphotungstic on acidulating ing mixed with ulated with hy· 
acid gave a heavy, with h y d r:'o- n e u t r a I· drochloric a c i d, 
white precipitate. chloric a c i d, ized formal de· 3howed . i nth e 

2. Phosphomolyb- rotated in the hyde, immedi· 3dm tube the ro­
dic add gave a yel- '~ dm. tube as t tel y turned \ation a= +0.61 ° 
low precipitate. follows: ]'cid, thus in- (Ventzke) . 

3. Mercuric chlor- a=+ 0.09 °. iieating thE' Plot T. The mo· 
ide gave a grayisb (Ventzke). [l res e n c e of namino acid solu· 
white flocculent pre· Plot T. The eOOH and NH2 t ion containing 
cipitate. rotation of the groups. 0.040 gr. nitrogen 

4. Silver nitrate 'tcidulated dia· rot ate d as fol-
gave a grayish or mino acid so· lows,: a=-0'.75°. 
yellowish white pre· lution, with O. When acidulated 
cipitate, soluble in 008 gr. nitro· with 5 cc cone. 
excess of ammonia. gen was hydrochloric acid, 

5. Picric acid eith- a=+0.22°. the same solution 
er failed to give a Plot V. The showed the rota· 
precipitate or the diamino acid tion a=+O.l°. 
precipitate obtained solution, with Plot V. The aq-
after some time was 0.00'7 gr. nitro- ueous solution of 
quite insignificant. gen, h a vi n g the monamino ac· 

6. The aqueous so· been strongly ids, ext r act e d 
lution of the dia· a c i d u I at· from about 1 5 0 
mIn 0 a c ids was ed with hydro· grams soil, show-
strongly alkaline. chloric a c i d , ed the rotation 

7. Addition of neu· showed the 1'0, a=-O.73 ° . Acidu-
tralized formalde- tation of I ate d wit h 3cc 
hyde to the alkaline a=+0.20°, cone. hydrochlor· 
solution caused it to ic acid, the same 
turn acid pointing to solution showed 
the presence of car· the r 0 1 tat i (I Jl 
boxyl and ami n 0 a=+0.5° . 
groups. 
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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 describeJ 
contained practically nothing but organic compounds. They 
showed acid reaction immediately upon the addition of neutral­
ized formaldehyde, hence they contained the NH2 and COOH 
group. They showed optical activity, consequently they con­
tained an asymmetric C-atom and had the NH2 group very likely 
in the a position. 

In Table II 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 II 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 , 11 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 monaminQ acids, the 
soil extracts from the plots, S, '1', V were subjected to formalde­
hyde titration with the results given in Table III. 

Plot 

S. 

TABLE III. 

DIAMINO ACIDS. 

The soil extract contain­
ing diamino acids was 
made up to 60cc. of which 
15cc. were titrated in the 
usual way and required 
0.2cc. n / 5 barium hydrox­
ide, and two portions of 
15cc. each were formol-ti­
trated and required on the 
average 0.6cc. n Is barium 
hydroxide. This means 
that the increase of the 
acidity caused by the pres­
ence of diamino acids Is 
corresponding to 0.4cc. n I , 
barium hydroxide. Unfor­
tunately, 15cc. of the soil 
extract oxidized according 
to Kjeldahl were lost 
so that the actual percent­
age of the dlamlno acids 
could not be calculated. 

MONAMINO ACIDS. 

Sixty cc. of the soil extract con­
taining monamino acids were treat­
ed as follows: 15cc. were Kjeldahl­
ized and the ammonia obtained re­
quil'ed 10.02cc. n;,o Hz SO. corres­
ponding to 0.01407 gram nitrogen : 
15cc. were titrated and required 
2.2ec. n /5 barium hydroxide; tWl 
portions of 15cc. each were formol­
titrated and required on the aver­
age 5.6lcc. n Is barium hydroxide. 
This means that 3.41cc. n I . barium 
hydroxide equivalent to 0.00·957 gr. 
nitrogen, or 68.02 per cent of what 
is given in Table I as nitrogen of 
monamino acids actually represent 
monamino nitrogen. The other 
31.98 per cent belong to classes 
other than monamino acids. 

"JO!lr, 4.m, Chern. Soc" 33, 1~39 (1911), 
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T. 
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TABLE III (Continued) 

DIAMINO ACIDS. 

The soil extract contain­
ing diamino acids was 
m ade up to 60cc. 'l'he Kjel­
dahlization of 15cc. showed 
that th ey contain 0.006 gr. 
nitrogen; lfcc. titrated in 
the ordinary way required 
1.47cc. n h barium hydrox­
ide;two portions of 15cc. 
each formol- ti trated re-
quired 2.04cc. n h barium 
hydroxide. This means 
that the 60cc. substance 
through formald ehyde in-
creased in acidity the 
amount of which is equiv-
alent to 2.28cc. n /5 barium 
hydroxide or 1.01280 gr. nit-
rogen (53.3% ) of lysine 
al on e Vlere presen t, 
or 0.01921 gr. nitrogen 
(80.0%), if hisldine alone 
w e re present; or 0.02561 gr . 
nitrogen (106.7%), if argi-
nine only w e re present. 
While these figur es do not 
give the actual percentage 
of each one of the diamino 
acids, they do show that 
the total percen tage of the 
diamino acids is quite con-
sicl erable. In other words, 
a large portion of what is 
given in Table I as nitro-
gen of diamino acids act-
ually represents diamino 
nitrogen. 

Sixty cc. of the soil ex-

MONAMINO ACIDS. 

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

tract were analyzed with The substance containing mon-
this r es ult: 2mino acids was analyzed with the 

The titration of 1 5cc. of following result: 
this solution required 15cc. w e ,'e Kjeldahlized and 
2.35cc. n /5 barium hydrox- found to contain 0.0097 gr. nitro­
ide; the formol-titration of gen . 
two portions of 15cc. each lfcc. titrated in the ordinary 
required on the average way required 3.55cc. n / 5 barium hy-
3.02cc. n /5 barium hydrox- droxide; two portions of 15cc. for­
ide. Hence, the increase mol-titrated required on the aver­
of acidity through formal- age 6.52cc. n /5 barium hydroxide. 
dehyde is equal to 0.67cc. This means that the increase of 
n / 5 barium hydroxide. The acidity due to the reaction with 
Kjeldahl determination of formaldehyde was equivalent to 
15cc. of this solution was 2.97cc. "/5 barium hydroxide= 
unfortunately lost by acci- 0.00834 gr. nitrogen. Or 0.00834 x 
dent, which rendered the 100 / 0.00070=8 5.98 per cent of what Is 
calculation of the actual recorded in Table I as nitrogen of 

I percentage of diamino nit- monamino acids actually represent 
_r_o~g~e~n __ ~im~p~o~s~s~i~b~le~. __________ ~m~o~a~n~m~i_n~o~n~it~r~o~g~e~n~. ____________ ___ 

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 
il~nides to the diamino ang 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. 'rhe 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 from 
the same plot, and stillmore 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 re~mlts r epOl'ted in the former ' " puhlications. 

CONCLUSIONS. 

The data at hand permit of the following conclusions :1:: 

1. 'rhe 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 Hausmann-Osborne method in the manner des­
cribed in this publication and recorded in Table I as nitrogen of 
diamino acids, actually reprcsents diamino nitrogen , thc smaller 
part belonging to classes other than diamino acids. 

3. In the case of the filtrate from the phosphotnngstic acid 
precipitate pre~entcd in 1'ablc I as nitrogen of monamino acids, 
it was found that from 68.02 to 85.98 pCI' cent of that filtrate 
in fact represented monamino nitrogen, the remainder, from 
31.98 to 14.02 per cent, consisting of nitrogenous compounds 
other than monal1lino acid. The above conclusions refer to that 
portion of the oragnic nitrogen which could hc extracted by 
hoiling with hydrochloric acid. 

"loc. cit. 
"In conclu sion 10, on p. 46 of Research Bu!. 1, Iowa Agr. Expt. 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 soi l s as well as in Michigan peat soils are 
made up chiefly of acid amides and amino acids, despite a considerabl e 
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 like ly of acid amides and amino acids," 





THE CHEMICAL NATURE OF THE OR­
GANIC N ITKOGEN IN THE SOIL 

(Third Part.) 

By S. L. JODIDI and A. A. W5JLLS. 

The fact that soil organic matter is the result of decomposed 
ot' still decaying vegetable and animal tisS'ues, not infrequently of 
very different nature, prompted an examination of a considerable 
num ber of plots tre~ted with different organic materials under 
a variety of conditions. 'I.' he 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 0, P, 
R, S, '1' and V, one-tenth of an acre each. Th eir treatment can 
best be seen from the following tabulation: 

A 
B 
C 
D 
F 

G 
I 

K 

L 

M 

° P 
R 
S 
T 
V 

Plot 
05 ... 
;::! a 

TREATMENT PER ACRE 

1907. 190'8. 1909. 

...... s No Treatment. ... No Treatment. ... :-Jo Treatment. ... 
Two tons of Peat. Two tons of Peat. Two tons of Peat. 

· .... . 0 No Treatment .... No Treatment. .. , ~o Treatment. .. . 
•••••• ;::! No Treatment. .. . No Treatmen t .... No Treatment ... . 
· ... .. :3 Two tons of Tim- Two tons of Tim· Two tons of Tim-

.~ othy . . . . . . . . .. othy .. .... .. . , othy . ........ . 
· ..... 'i5. No Treatment. .. . No Treatment. ... :-Jo Treatment. .. . 
· .. . . . ~ One ton of Clover One ton of Clover One ton of Clover 

-0 Hay.. . . . . . . . . Hay. . . . . . . . . . Hay .... .... . . 
· .... . t:' ~ Four tons of Clo- Four tons of Clo- Four tons of Clo-

~ ';; 1 vel' Hay . . ... . ver Hay ...... ver Hay ..... . 
• .•..• .Q '-IOne ten of Ma- One ton of Ma- One ton of Ma-

oil , nure ..... . .... nure. . . . . . . ... nure ......... , 
· ..... al Two tons of Ma- Two tons of Ma- 'Two tons of Ma-

;> Inure.......... nure. . . . . . . . . . nure ......... . 
· .. .. . "§ No Treatment .... No Treatment. ... No Treatment. .. . 
· ..... ~ No Treatment .. . . No Treatment ... . No Treatment ... . 
• •••• • rn No Treatment. ... No Treatment. ... No 'rreatment. .. . 
· ..... b No Treatment .... No Treatment .... No Treatment ... . 
· ..... -a No Treatment ... , No Treatment ... , No Treatment . .. . 

.....-I No Treatment .... No Treatment. " . No Treatment . .. , ...... :;J 
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PREVIOUS CROPPING 

1905 1906 1907 

Cvrn Corn Oats 

Corn 
Corn 

Oats & 
Clover 

19u8 1909 

Timoths Timothy 
Fallowed I"allowed 

Co rn Corn 
Oats 

Corn 

Each of the soil sarr~ples 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 anI 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 
Wet soil 

/percentl Average 

Air dry 
PLOT used so il usc.::d 

Gram \percent / Average Gram:; Gram Grams 

--
I 

A 2.5307 0.4030 15.92 16.00 3.0022 0.1699 5.66 5.63 ... . 
2.8626 0.4604 16.08 3.000'1 0.1682 5.61 

B . .. .. 3.7181 0.7281 19.58 18.64 2.9996 0.1533 5.11 5.11 
2.4747 0.4382 17.70 3.0016 0.1535 5.11 

C ..... 3.0209 0.5981 19.80 19.28 3.0014 0.1575 5.25 5.24 
3.7587 0.7050 19.76 3.0013 0.1566 5.22 

D ..... 3.2467 0.5662 17.44 17.70 3.00'08 0.1414 4.71 4.76 
2.6739 0.4804 17.97 3.0008 0'.1445 4.81 

F ..... 2.3785 0.3777 15.88 16.08 3.0002 0.1272 4.24 4.24 
1.9364 0.3155 16.29 3.0012 0.1274 4.24 

G 2.5472 0.3907 15.34 15.38 3.00>19 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 14.30 3.0024 0.0904 3.01 3.03 .... ' 
2.6390 0.3737 14.16 3.0015 0.0914 3.04 

K 3.1478 0.4559 14.48 14.69 3.0027 0.0867 2.89 2.86 .. , . 
3.1799 0.4736 14.89 3.0041 0.0855 2.84 

L 3.9063 0'.6162 15.77 15.74 3.0000 0.0963 3.21 3.18 
•. o. 

3.3418 0.5252 15.72 3.0008 0.0946 3.15 

M 1.8502 0.3072 16.60 16.51 3.0008 0.0975 3.25 3.24 .... 
2.6021 0.4273 16.42 3.0007 0.0971 3.23 

0 2.5619 0.2964 11.57 11.62 3.0035 0.0917 3.05 3.11 .. , .. 
2.9751 0.3471 11.67 3.0016 0.0955 3.18 

p 3.2655 0.5725 17.53 17.33 3.00{)8 0.1063 3.54 3.51 .... 
3.0391 0.5207 17.13 3.0012 0.1048 3.49 

R 2.9275 0.3729 12.74 12.83 3.0000 0.0933 3.11 3.13 .... 
3.4204 0.4422 12.93 3.0009 0'.0947 3.15 

S ..... 2.5441 0.2988 11.74 11.81 3.0008 0.0849 2.83 2.81 
2.6336 0.3130 11.88 3.0014 0.0837 2.79 

T 2.6343 0.3484 13.23 13.22 3.000'0 0.1044 3.48 3.53 
• 0" 

3.0655 0'.4052 13.22 3.0002 0.1076 3.58 

V 1.9543 0.2099 10.74 10.73 3.0000 0.1078 3.59 3.60 .... 
1.9605 0.2099 10.71 3.0'008 0.1083 3.61 

With the exception of A and P, all the plots which grew crops 
in 1909, when the soil samples were takell, individually show a 
lower percentage of moisture than the fa Howed 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,t 
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. 

'Iowa Agl". Expt. Sta., Research Bu!. 1, p. 11. 
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TABLE II. 

Piot Ispecific Grav-I Avc.rag-c 
II 

Tt,bl Nitrogen Average 
ltV 

_~el cent 

A .... , ..... . 2.3S7 2.470 0.397 0.400 
2.564 0.403 

B .. , ... , .. . ... 2.481 2.510 0.355 0.372 
2.539 0.389 

C .. ........... 2A32 2.414 0.369 0. ~6 4 

2.395 0.360 
[) ..... , .. ..... 2.584 2.583 O.S1R 0.319 

2.582 0.3'21) 
F ............. 2.597 2.598 0.274 0.268 

2.600 0.262 
G .. '. , ' , ... .... 2.504 2.596 0.248 0.246 

2.598 0.244 
" . . ......... . 2.592 2.599 0.210 0.214 

2.607 0.219 
K .. ..... ...... 2.601 2.602 0.220 0.222 

2.603 0.225 
L . . . . . . . . . . . . . 2.422 2.510 0. 2:16 0.231 

2.599 0.225 
~T ........ . ... . 2.585 2.586 0.218 0.'221 

2.587 0.223 
0 ... ...... .... 2.609 2.608 0.'220 0.215 

2.606 0.209 
P ............. , 2.604 2.604 0.215 0.218 

2.604 0.220 
R ... ......... . 2.610 2.537 0.220 0.217 

2.464 0.213 
S .. ..... .. .... 2.611 2.612 . 0.211 0.211 

2.614 0.211 
T .. .... ... . ... 2.586 2.588 0.236 0.238 

2.591 0.240 
V .. ... ... .. ... 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 recalculated to the 
total volume of the liquid. 

The ammoniacal and nitri c nitrogen was determined, as was 
also the moisture of the soils, in both 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 soil 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 III, IV, V and VI. 
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TABLE III. 

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

Wet 
Ammoniacal Nitrogen found 

Per cent of 
Plot soil total soil Averag-c 

used Ipa cent of I Nitrogen 
Grams Gram oven--:dry A vcrag-e 

5011 

A 50'.0 0.0003510 
1 

0,.000836/ 0.00,0668 0.209 0.167 
50.0 0.00021006 0.000501 0.125 ' 

B 500 0.0004914 0.00120~ 1 0.001~35 ()o.323 0.277 
50.0 0.0003510 0.00086" ; 0.231 

C 50.0 0.0003510 0'.0008701 0.0·00370 0.239 0.239 
50.0 0.0003510 0.000870 0.239 

0 50.0 0.0002106 0.000512 0.000512 0'.160 0.160 
50'.0 0.0002106 0.000512 0,.160

1 
F 50.0 0'.0002106 0.00'0502 1 

0.000502 
0.187

1 

0.187 
500 0.0002106 Q.00'0502 0.187 

G .. .. , 50.0 0.0002808 0.000663 0.000663 0.270 0.270 
50.0 0.0002808 0.000663 0. 270 1 

•... I 50.0 0.0000702 0.0'00164 0.000328 0.077 0.153 
50.0 0.0002106 0.000492 0.230 

K 50 .. 0 0.0002808 0'.000658 0.000576 0.296 0.259 
50.0 0.0002106 0.000494 0.222 

L 50.0 0.0006318 0.001500 0.001333 0.649 0.577 
50'.0 0.0004914 0.001167 0.505 

I\I 50.0 0.0000702 0.000168 0.000168 0.076 0.076 
50.0 0.0000702 0'.000168 0.076 

0 50.0 0.0000702 0.000159 0.000238 0.074 0.111 
50'.0 0.0001404 0.000318 0'.148 

p 50.0 0.0002106 0.000509 0.0,00509 0.234 0.234 
50.0 0.0002106 0.000509 0.234 

R 50.0 0.0002106 0.OQ0483 0.000483 0.223 0.223 
50.0 0.0002106 0.OQ0483 0.223 

S 50.0 0.0002808 0.000637 0.000477 0.302 0.227 
50.0' 0.0001404 0.000318 0.151 

T 50.0 0.0002808 0.000647 0.000566 0.272 0.238 
50.(1 0.0002106 0.OQ0485 

0.00094~ 1 
0.204 

V 50.0 0.0004212 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 IV. 

vVhile the percentage of ammoniacal nitrogen in both the wet 
and air-dry soit samples is on the whole insignificant, a closer ex· 
amination of the figures contained in Tables III 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 
ta bles were calculated to the same (dry) basis and that the wet 
as well as the air-dry soili'! represept identi(lal samples, with the 
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TABLE IV. 

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

air-dry 
Ammoniacal Nitrogen Found 

Plot soil Average 
used Gram Irer cent of I I Per cent of 

Grams oven-dry Averag-e total soil 
soil Nitrog-en --

I 
D .... 50.0 0.0003791 0.000796 0.000649 0.249 0.203 

50.0 0.00'02387 0.000501 0.158 
F .... 50.0 0.000,3791 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 0.000'5195 0.001072 0.001072 0.501 0.501 

50.0 0.000'5195 0.001072 0.501 
K .... 50.0 0.0005195 0.001070 0.091070 0.482 0.482 

50.0 0.0005195 0.001070 0.482 
L .... 50.0 0.0008003 0.001653 0.0011508 0.716 0,.653 

50.0 0.0006599 0.001363 0.590 
M .... 50.0 0.0003791 o. (}() 01783 0.000'856 0.354 0.387 

50.0 0.0004493 0.000929 0.420 
0 .... 50.() 0.0003791 0.000782 0.000782 0.364 0.364 

50.() 0'(}003791 0.000782 0.364 
P .... ' 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.OQ0783 0.000783 0.361 0.361 

50.0 0.0003791 0.000783 0.361 
S ... . 50.0 0.0005195 0.0010691 0.000924 0.507 0.438 

50.0' 0.0>()03791 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.'133 

50.0 0.0005195 0.0{)1078 0.433 

difference, of comsc, that the samples recorded in Table IV were 
air dried priol' to estimating the :=lmmonia in them, and with the 
further difference that th e ammonia determinations of the ail'­
dry soils were made first. ']'he estimation of ammonia in the wet 
soils was carrird out after they lwd 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 th e amount of nitrates in the wet samples must be 
higher than in the air-dry samples. This was found to be actu­
ally the case as the examination of TallIes 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 increased or 
decreaeed depenflin g O"lJ th0 [lIDOl1nt of soil availabJe for this es-



Wet Soil 
Plo t used 

Grams 

A ... ..... 500 

B · - ... .. . 700 

C . .... - . . 700 

D . ... .... 90U 

F ...... .. 900 

G ... . .... 12 uO 

I . .. . . . . . . 1100 

K ........ 1000 

L .... - .. . 1100 

111 •...•• .. 10UO 

0 . . . .. ... 10UO 

p .. ... ... 1000 

H · . . . . . . . 1100 

S · . . . . . - . 1000 

'I' ..... _. 1000 

V ... , . .. 1100 
, 

TABLE V. 
NITRIC NITROGEN IN THE WET SOIL SAMPLES OF THE VARIOUS PLOTS. 

Of Extract Used Nitric oxide (NO) Found ,,,,;, "no,," 'om," [C"'""",, "om '0] \ 
I Correspon-

iper cent of ding oven- Volume I Tempera- [Barromctric Per cent Of/ c. c. dried soil ture Pressure Gram loven-dried Averag-c total sOil 
Grams c. c. °C m m. Soil Nltrog-en 

285 119.700 13.7 I S 745 0.00770 0.00643 1. 61 
285 119.700 13.1 20 743 0.00732 0.00612 0.00627 1. 53 
425 172.890 26,~ 21 741 0.01446 0.00836 2 .24 
425 172.890 26.~ 22 739 0.01433 0.00829 0.00832 2.22 
390 157.404 28.2 2:..: 747 0.01566 0.00994 2.73 

I 

390 157.4 al 27.2 21 743 0.01509 0.00958 0.00976 2.63 
533 219.303 34.0 2:; 742 0.01872 0.00854 2.6H 
533 21S.303 33.6 17 743 0.01897 0.00865 0.00 859 2.71 
525 220.264 32.7 21 744 0.01815 0.00824 3.07 
5? ~ 220.264 32.8 2:! 743 0.01809 0.00821 0.00822 3.0G 
800 338.440 46.4 21 747 0.02585 0.00764 3.11 
800 338.440 46.6 21 747 0.02598 0.00768 0.00766 3.1 ~ 
72[, 310.626 3G.0 22 746 0.01997 0.00643 3 .00 
72 0 310.626 36.2 21 746 0.02016 0.00649 0.00646 3.03 
650 277.257 40.2 2' 745 0.02235 0.00806 3.63 
65') 277.257 40.9 2~ 745 0.02260 0.00815 0.00810 3.67 
72S 305.442 42.;; 2~ 743 0.02341 0.00767 3.32 
72 5 305.442 41.4 21 739 0.02285 0.00748 0.00757 3.24 
62G 260.906 36 .G 21 739 0.02016 0.00773 3.50 
62'· 260.906 36.5 21 738 0.02009 0 . 00770 0.00772 3.48 
117 ;:; 298.282 22.8 21 738 0.012 58 0.00422 1. 96 
67 " 298.282 23. 8 22 739 0.01308 0.00438 0.00430 2.0:l 
G50 268.710 28.6 21 741 0 . 01578 0 .005 87 2.69 
650 268.710 29.4 2:0 740 0.01621 0.00603 0.00595 2.76 
750 326 .887 34. 0 19 7f 2 0.01928 0.00590 2.72 
7;;0 326.88 7 34,0 21 749 0.01903 0.00582 0.00586 2.68 
700 308.665 31. 0 22 74 8 0.01721 0.00557 2.64 
70'J 308.665 30.2 21 742 0.01671 0.00541 0.005 ·19 2.5fi 
650 282.035 36.0 21 737 0.02009 0.00712 2.99 
r,50 282.035 36.:> 21 736 0.02(;003 0.007JO 0.00711 2.98 
750 334 .762 23.9 21 743 0.01327 0.00396 1. 59 
750 334.762 24.2 21 743 0.01340 0.00400 0.00398 1. 61 

Average 

1.57 

2.23 

2.68 

2.69 

3.06 

3.11 

3.01 

3.65 

3.28 

3.49 

1. 99 

2.73 

2.70 

2.60 

2.98 

1. 60 

I--" 
~ 
'-0 



TABLE VI. 
NITRIC NITROGEN IN THE AIR-DRY SOIL SAMPLES OF THE VARIOUS PLOTS. 

Air dry 
soil used 

Plot 
Grams 

A •••• a· •• 500 

B . . . . . . . . ......... 

C ... - .... 900 

F .. . ..... 1500 

G .. ' . . .. . 1400 

I . . . .... 1400 

K ..... -. 1300 

L .... . ... 1100 

M ..... .. . 1100 

0 

P 

R 

S 

T 

V 

•. . . '0·· 1100 

........ 1400 

........ 1500 

....... , 1500 

. ....... 1400 

........ 1400 

'Not estimated. 
tDe t ermination lost. 

Of Extract Used 

Ic?rreSPOnd-
lng- oven-

c. c. dried soil 
Grams 

236 111. 4 
236 111.4 
* 

450 213.2 
450 213 . 2 
800 383.0 
800 383 .0 
700 336.5 
700 336.5 
800 387.9 
800 387.9 
800 388 .6 
800 388.6 
500 242.0 
500 242.0 
650 314 . 5 
650 314.5 
C50 314.9 
650 314.9 
880 424.6 
880 ~24.6 
900 435.9 
900 t 
900 437.4 
900 437.4 
800 38'.8 
800 t 
850 409.7 
850 409.7 

Nitric oxide :NO ) found Nitric ~itrogen found [Calculated from NO) 

Volume I Tempera- I Barometric \ Per cent of i Iper cent of 
ture pressure Gram uven-dried A ver.ge total soil 

c c. oc m.m. ~ojl 1 Nitregen 

2.2 23 739 0.001189 0.00107 
2.2 23 736 0.001189 0.00107 0.27 

. .. ..... . ..... . . . . . ........ . . ...... . . 0.00107 0.27 
0.8 23 740 0.000438 0.00021 .... . .... 
0.8 23 740 0.000438 0.00021 . ........ 0.06 

19 . 5 23 733 0.01052 0.00275 0.06 
18.7 24 734 0.01008 0.00263 0.00021 1.02 
12.4 20 745 0.00695 0.00206 0.98 
13.4 21 745 0.00745 0.00221 0.00269 0.84 
10.0 22 745 0.00551 0.00142 0.90 
10.6 20 746 0.00595 0.00153 0.00213 0.66 

9 . 3 24 744 0.00507 0.00130 0.71 
9 . 6 24 742 0.00526 0.00135 0.00147 0.59 
6.9· 23 728 0.00369 0.00152 0.00132 0.61 
6.5 23 727 0.00351 0.00145 0.66 

10 . 8 22 731 0.00582 0.00185 0.00148 0.63 
10.8 23 733 0.00582 0.00185 0.84 

0 . 8 21 743 0.000438 0.00014 0.00185 0.84 
0.8 22 745 0.000438 0.00014 0.06 
0.7 21 741 0.000376 0.00009 0.00014 0.06 
0 . 8 22 740 0.000438 0.00010 0.04 
0.8 23 745 0.000438 0.00010 0.00009 0.05 

t 0.05 ......... ........ . . ..... . .. . ........ 
0.00010 1.3 22 740 0.000688 0.00016 ....... , . 

1.3 21 739 0.00068R 0.00016 0.08 
0.4 22 732 0.000188 0.00005 0.00016 0.08 

t 0.02 - . . ..... . .. . . ' .... . ........ . . . . . . . . . 
0.00005 2.8 24 733 0.00t502 0.00037 ..... , ", 

3.4 24 734 0.001813 0.00044 0.15 
0.00040 0.18 , 

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

Averag-e 

0.27 

......... 

0.06 

1.00 

0.87 

0.68 

0.60 

0.64 

0.84 

0.06 

0.04 

0.05 

0.08 

0.02 

0.16 

_ . 

...... 
CNo o 
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timation. The accurately weighed soil was mixed with doubie 
the amount of water, including the moisture 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 cylindel' and divided into two halves. The 
amount of oven-dried soil corresponding to the volume of the 
liquid used was theu calculated. It is recorded in the fourth 
column. The nitric acid of the extract was decomposed with 
ferrous chloride, in the presence of hydrochloric acid, to nitric 
oxide the volume of which, on reduction to 0°0 and 760 mm. 
bar. 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 VI. 

An examination of the data in Table V and VI reveals the 
fact that the percentage of nitrates in the wet soils is 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 but 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 be 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 be attributed to the fact that dur­
ing 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 organic nitrogenous compounds, is gmdually 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 calculated 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 nitric nitrogen actually present in the soils 
is represented by the air· dry samples. Thi:;: means that about 99 
per eent of the total nitrogen is present in the soils in the shape 
of organic compounds. Their separation into ami des, diamino 
and monamino acids was performed by the method used in Part 
I of this bulletin. 'rhe results are presented in Table VII. 

As far as the data given in 'L'able VII are concerned, it should 
be remembered that the pllosphotnngstic 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. 

I 
I Per cent of I Per cent of I Per cent of 

Plot Grom oven-~rieC1 t<?tal so il . I"ti lrOg'1?1l 
5011 NltrOgen~lutlOn 

A Total nitrogen in solu -
tion (obtained b) 
bailing with hydro-
ch loric acid) 0 . 14778 0. 3415 85.36 100.00 

Ammoniacal nitrogen. 0.00030 0.0007 0.17 0.20 
Nitrogen of ac id 

amides .... ......... 0.04167 0.0963 2·1.07 28 . 20 
Nitrogen of am ino 

acids (d iffe r ence 
frolll 100) ......... 0.10581 o . 244 5 6l.12 71.60 

n Total nitrogen in so lu-
tion (obtained by 
boiling with h ydro -
ch lo"ic acid) 0.08050 0.2936 78.92 100.00 

Ammoniacal ni t,·ogen. 0.00]04 0.OU38 1. 02 1. 29 
Nitrogen of acid 

amides . . .... . ...... 0.02 363 0.0862 23.17 29.35 
Nitrogen of diamino 

acids . . . . . . . . . . . . . . . 0.00778 0.0284 7.63 9 .6 7 
Nitrogen of monami-

no acids (difference 
from 100) .......... 0.0 '1805 0.1752 47 .11 59.69 

C 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 
l'~itrogen of acid 

amides . . . . . . . . . . . . . 0.03189 0.0841 23.12 27.80 
Nitrogen of amino 

acids (differen ce 
from 100) .......... 0.08249 0.2177 59.79 71.90 

D Tota l nitrogen in solu-
tion (obtained by 
boiling with hydro-

chloric acid) ..... .. .. 0.25696 0.2654 83.19 100.00 
Ammoniacal nitrogen. 0 .0 0062 0.0006 0.20 0.24 
Nitrogen of acid 

ami des ............. 0.07015 0.0724 22.71 27.30 
Nitrogen of amino 

aci ds (dHfe r ence 
from 100) .......... 0.18619 0.1923 60.28 72.46 

F Total nitrogen in solu-
tion (obtained by 
bOiling with hydro-
chlo.-ic acid) 0.227lG 0.2462 91.88 100.00 

Alnmoniacal nitrogen. 0.00074 0.0008 0.30 0.33 
Nitrogen of acid 

alnideH .......... 0.06474 0.0702 26.19 28.50 
Nitrogen of amino 

acids (difference 
from 100) .......... 0.16167 0.1703 65 . 39 71.17 

K Total nitrogen in solu-
tion (obtained by 
boiling with hydro -
ch l or i c ac id) 0.20817 0.2077 93.56 100.00 

Ammoniacal nitl'ogen. 0.00110 0.0011 0.49 0.53 
Nitrogen of acid 

amic1es ........... . . 0.05619 0.0561 25.26 26.99 
Nitrogen of amino 

ac i ds (difference 
fr'om 100 ) .......... 0.15088 0.1505 67.81 72 . 48 
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TABLE ViI. (Continued.) 

Gram oven-dried total suil Nitrolren I Per cent of \ Per c~nt of I Per cent of 

Total nitl'ogen in so lu­
tion (obtained by 
boiling wi th h ydro-
chloric acid) 0.21100 

Ammoniacal nitrogen. 0.00150 
N i tl'ogen of acid 

amides ............. O. 0590~ 
N itrogen of amino 

ac id s (d ifference 
[,·om 100) .......... 0.15046 

Total nitrogen in so lu­
tion (obtain ed by 
bo ilin g with h ydro-
chlori c acid ... 0.18661 

, \mmoniacal nitrogen. 0.00072 
NitrogE n of acid 
anl i ~ es .......... O.OfI9!?6 

Nitrogen of dialnino 
acids............... 0.03396 

Nitrogen of lTIOnanlino 
acids (d iffer ence 
f,·om 100) ........ . . 0.09257 

Total nitroge n in so lu­
tion (obtain ed by 
L·oiling with hydro-
chlori c acid) 0.170;,3 

Ammoniacal nitr·ogen. 0.00094 
Ni tl'ogen of acid 

amides ........ ..... 0.0"762 
Ni t,·ogen of amino 

ac id s (di Fference 
from 100) ..... .. . .. 0.11177 

Total nitrogen in solu­
tion (obtained by 
boiling with hydro-
chloric acid) 0.17353 

Ammoniacal nitrogen. 0.00072 
NitJ'ogen of acid 

amides ............. 0.04775 
Nitrogen of diamino 

acids . .......... .. .. 0.027 80 
Nitrogen of monamino 

acids (difference 
from 100) .......... 0.09746 

soil Nitrog-cn _ in solution 

0 .2 111 
0.0015 

0.0591 

0.1 50j 

0.2006 
0.0008 

0.OC38 

O.O:1G fi 

0.1949 
0.0011 

0.0659 

0.1279 

0.1877 
0.0008 

0.0514 

0.0301 

0.1054 

91. 39 
0.65 

25.57 

65.17 

93.29 
0.36 

29.67 

16.9 8 

46.2R 

89.39 
0.49 

30.24 

58.66 

86.51 
0. 36 

23.71 

13.86 

48.59 

100.00 
0.71 

27.98 

71. 31 

100.00 
0 .39 

31 .81 

18.20 

49.61 

100.00 
0.55 

33.83 

6;;.62 

100.00 
0.41 

27.40 

16.0 2 

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 
belonging to the amino acid class. 'rhis has been demonstrated 
in Part I of this bulletin as well as in a previous2 investigation. 

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

' lac. cit. 
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tained by a number of tests of which those made with the soil 
extracts of the plots 0 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. Phosp,hotungsti'C acid gave a heavy, white precipitate. 
2. Phosphomolybdic acid gave a yellow precipitate. 
3. Silvernitrate gave a grayish·w,htte precipitate, soluble in excess 

of ammonia. 
4. Mercuric chloride gave a grayish·white. flocculent precipitate. 
5. The aqueous solution was ;;trongly 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 considcration, displayed optical acitvity. Thus, 
the observation of the aqueous solution obtained from plot 0 
and freed from inorganic salts by crystallization, showed in the 
2 dm. the rotation a =-0.27°. When acidulated with 5cc. of 
conc. hydrochloric acid the same solution rotated a=+0.15°. 

In the case of plot R the corresponding aqueous solution ob­
tained from about 150 grams of soil rotated in the 2 dm. tube as 
follows; a e-().67 ° . On having been mixed with lOcc. of conc. 
hydrochloric acid the same solution showed the rotation 
a=+0.47°. The contents of the polariscope tubes of plots 0 and 
R having been freed from the bulk of hydrochloric acid by evap­
oration showed, upon addition to them of formaldehyde, increased 
acidity corresponding to several cc. of n/;, barium hydroxide, etc. 

CONCLUSIONS. 

l. 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 nitric nitrogen is 
small, namely from 0.00005 to 0.00269 per cent of the oven-dried 
soil, or from 0.02 to 1.00 per cent calculated upon the total soil 
nitrogen. 1'his 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 hydrochloric 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 quantities. 



INFL UENCE 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 cbemical 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 contaiued 
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 anyone 
of these elements 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 can 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 elements, potassium, calcium, magnesium and iron, nor 
the metalloids, sulphur and phosphorus, fully 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. rPhere remain, then, but two elements, 
namely, carbon and nitr·ogen, 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 hUffiUS as a whole, 
it should be rememhel'ed that measuring the nitrogen requires 
too much time inasmuch as it invol.ves several determinations, 
namely, of ammonia (liberated as such from humus) and of 
nitrites and nitrates, the oxidation products of the former. This 
renders the simultaneous 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 nnder field conditions. In addition the fact should also be 
borne in mind that car·bon 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 
phosphoric 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
cemed. It is further well known that the activities of certain 
hacteria can materially be a.ffected by the presence of acids, 
alkalies and salts. Thus, nitrification is aided by the presence of 
basic substances such as carbonate of lime, which are necessary 
for the neutmlizaticn of the nitric acid formed. I~ikewise, the 
presence of some inorganic salts, e. g., phosphates, in certain 
rroportions will stimuJate De 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 phosphoric acid, were made with a view of 



PLOT 

A .......... . . 
B 
C 
D 
E ........... . 
l~ ........... . 
G .... ...... .. 
H 
I 
J 
K 
L 
M 
N 
o 
P 
Q 
R 
S 
rr' ........... . 
u .......... .. 
V 

Humus 

Per cent. 

4.54 
4.02 
4.62 
3.70 
3.67 
3.27 
3.04 
2.87 
2.73 
2.74 
2.46 
2.66 
2.65 
2.85 
2.27 
3.20 
3.35 
2.70 
2.42 
2.99 
3.44 
3.27 
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TABLE I. 

Total Phos­
phoric acid 

per cent 
p.O. 

0.110 
0.107 
0.100 
0.105 
0.099 
(H20 
0.126 
0.094 
0.106 

0.079 
0.100 

0.111 
0.112 
0.115 

0.109 

0.025 
0.027 
0.032 
0.029 

0.0'36 
0.028 

0.009 

0,0>10 
0.009 I 
0.011 

0.008 
0.034 

0.032 
0.013 
0.027 

0.026 

REMARKS 

The total phosphoric acid 
as well as the more ac­
tive forms of it were 
not d e t e r min e d in 
some of the plots be­
cause the soil samples 
in question were not 
large enough for mak· 
ing all of the analyses. 

determiniJlg their influence upon the behavior of humus in the 
particular plots under examination. 

'While humus, as well as the total and more active forms of 
phosphoric acid in' the soils, were determined according to the 
official methods (see 'fable I), the estimation of carbonates pres­
ent in the soils was carried out, after the somewhat modified 
Jllethod of Mulder, Stolba and Kolbe.] 

THE METHODS AND APPARATUS EMPLOYED. 

Some details of this IlJ ctliod can l)est he seen from the accom­
panying prints. N in :B-'igme 1 represents a boiling flask in 
which the soil under examination is to be decolllposed with acid. 
The accurately weighed tubes, E and F , are filled with soda-lime 
for the absorption of mu'bon dioxide evolved from the acid-treaterl 
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 calcium chloride in the lower 
part only; the tubes Band D are also filled with calcium chloride, 
while C contains pumice stone covered with water-free copper. 

'Annal. (Liebig-), 119. 130 ; Zeitschr. f. <L!11l1¥t. Chern. ::1 4~; 2, 341. 
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sulphate. The four tubes named are designed to free the evolved 
carbon dioxide from vapor and hydrochloric acid, while the tube 
G, the left and right shanks of which are filled with calcium 
chloride and soda-lime, respectively, serves to protect tube F 



139 

FIGURE 2. 

from outside vapor. 'rhe decomposition of the weighed soil in 
question takes place in the flask N by means of hydrochloric 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, being 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 is evolved. As soon as the acid is no longer able to 
evolve carbon dioxide from the soil at room temperature, the fun­
nel i is removed and the apparatus is connected with the tube T 
(see Fig. 2), which is filled with soqa-lim{l and is connected 
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with the 'flask F containing potassium hydroxide. The flask N is 
now heated just long enough to bring its contents to the boiling 
point, while a eoutinuous and uniform outflow of water from the 
aspirator R is maintained which causes all of the carbon dioxide 
contained in the f>ystem to he 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 before 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 carbon 
dioxide in the Cal' bonates was first tried with Geissler's apparatus. 
1[owever, 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
chloric, nitric and phosphoeic acid. "\Vhile the data secured with 
hydrochloric acid were acclU'ate, as were also those with phos­
phoric acid, the ' results obtained with nitric acid, because of the 
evolution of red fumcR, were generally too high, for which 
reason only the estimations made with hydrochloric and phos­
phoric acid wel'e included in the average. The figures 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 [C0 2] found 
soil ponliing-

PLOT oven-dry Acill 

Ipercent I 
Grams so il Used I Total Grams . Gram Av erage Averag-e 

---

A .... 4.0000 3.775 HCl 0.0025 0.066 0.060 0.124 
10.0{)00 9.437 HCl 0.0052 0.055 
10.0000 9.437 HNO, 0.0221 (}.234 0.234 
10.0000 9.437 H,PO. 0.0128 0.135 0.1 33 
J 0.0000 9.437 H,PO. 0.0125 0.132 

B .... 1,0.0000 9.489 HCl 0.0064 0.067 0.0&2 0.120 
10.0000 9.489 HCl 0.0050 0.053 
10.0000 9.489 HC) 0.0033 0.035 
10.000'0 9.489 HNO, 0.0308 0.325 0.325 

C .... 110.0000 9.476 HCl 0.0059 0.062 0.069 0.069 
10.0000 9.476 HCl 0.0064 0.068 
10.0000 9.476 HCI 0.0074 0.078 

D .... 10.10000 9.524 HOI 0.0037 0.039 0.036 O.03G 
10.0000 9.524 HCI 0.0031 0.033' 

E .... 10.0000 9.548 HCI 0.0053 O.l055! O.049j 0.049 
10.0000 9.548 HCI 0.0040 0.042 
10.0000 9.548 H,PO. 0.0046 0.048 0.0481 

• 
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TABLE lL (Continuefl. ) 

Air-d ey Corrcs- Carbon dioxicie [C02) found 
soil ponding-

PLOT oven-dry Acid 

Ipercent I Grams soil Used I Total 
Grams Gram Averag't! Avcrag-e 

~~-

1<' .... I 10)0000 9.576 Hel 0.0016 0.017 U.033 0.030 
10.0000 9.576 Hel 0.0038 0.040 
10.0000 9.576 Hel 0.0041 0.043 
10.00'Oe 9.576 H 3PO, 0.0021 0.022 0.02~ 

G .... 100.0000 9.613 Hel 0.0042 0.044 0.035 0.035 
10.0'000 9.613 Hel 0.0029 0.030 
10.0000 9.613 Hel 0.0031 0.0'3~ 
10.00,00 9.61~ H aPO, 0.0034 0.03L . 0.03E 

H .... 10.0 000 9.688 Hel 0.0050 0.05~ 0.041 0.0'46 
1G'.000O 9.688 Hel 0.0029 0.030 
10 OO'Ol 9.688 H 3PO, 0.0053 0.05E 0.05[ 

I .... 10 .. 0000 9.697 Hel 0.0054 0.056 0.04~ 0.0'\8 
10.0000 9.69~ Hel 0.0040 0.0'41 

J .... 10.0000 9.698 Hel 0.003'0 0.0<31 0.031 0.031 
10.0000 9.698 Hel 0.0031 0.03~ 

K ... 10.0o()JOIJ 9.714 Hel 0.0036 0.037 0.03E 0.036 
10.0000 9.714 Hel 0.0024 0.025 
10.0000 9.714 HOI 0.0045 0.046 

L ... 10'. 0000 9.68~ Hel 0.0030 0.031 0.034 0.034 
J O. CI)OO 9.68~ Hel 0.0036 0.037 

M . . .. 10.0000 9.676 Hel 0.0025 0.026 0.027 0.031 
10.0'00( 9.676 Hel 0.0027 0.0028 
10.000( 9.676 H 3PO, 0.0037 0.038 0.03f 

N . , .. 10.000C 9.666 Hel 0.0036 0.037 0.031 0.031 
] O.O :J IJ~ 9.666 Hel 0.0024 0.025 

° ... . 10'. 0000 9.689 Hel 0.0035 0.036 0.040 0.040 
10.000e 9.689 Hel 0.0043 0.,0144 

P .... 10.0000 9.649 Hel 0.0025 0.026 0.024 0.024 
10.0()00 9.649 Hel 0.0021 0.022 

Q .... 10.0000 9.680 Hel 0.0016 0.017 0.02£ 0.029 
10.0000 9.680 Hel 0.01l}28 0'.029 
10.0000 9.680 Hel 0.0039 0.040 

R .... 10.0000 9.687 Hel 0.0029 0.030 0.034 0.034 
10.0000 9.687 Hel 0.0037 0.03E 

S .. .. 10.0000 9.719 Hel 0.0022 0.023 0.024 00.030 
10.0000 9.719 Hel 0.0024 0.025 
10.0000 9.7H H 3PO, 0.0042 0.043 0.042 

T . ... 10.0000 9.647 HOI 0.0018 O.OH 0.0'17 0.017 
lD'.0000 9.647 Hel 0.0014 0.015 

U . ... 10.0000 9.663 Hel 0.0010 0.010 0.025 0.02 5 
10.0000 9.663 Hel 0.0021 0..0'22 
10.00'0'0 9.663 Hel 0.0043 0.044 

V .... 10.0000 9.640 Hel 0.0027 0.028 0.032 0.032 
10.0000 9.640 Hel 0.00<34 0.035 

'rhe idea of asceetaining the influence of physical factors, like 
moisture, temperature, air, light, as well as of certain chemical 
substances upon the decomposition of the organic matter in the 
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soil is not new. Kostytscheff,2 Schloesing,3 Wollnv.4 Deherain/ 
Soyka,G vVarington,7 and Boussingault8 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 hy e3timnting the proportions of ammonia, nitrites and nitratcs 
produced. ']'hc observations of the investigators named have 
this in common: they represent 'chiefly laboratory expet'iments in 
which small amounts of soil mixed with other materials were put 
into tubes, cylinders or other ves5cls and the rate of decomposi­
tion stated. Other experimenters, too, worked along similar 
lines though some field observations were also lnade. 

Results secured on a small scale in the laboratory may not 
necessat'ily hold good for field conditions. It was, thereforc, 
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 ammonia, nitrites and nitrates practically in­
feasible, and it was decided to measure the rate of oxidations 
taki ng place in the soil by the amount of carbon dioxide evolved . 
It is evident that the greater the decomposition of the organic 
matte!' in the soil, the richer in carbon dioxide will be the soil 
atmosphere and vice versa. 

THE FIELD APPARATUS. 

The arrangements for 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 expcr­
iment was provided with an iron tube twelve inches long and 
with an inner diameter of o/s 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 tube was put a 
rubber stopper, a one-eighth inch glass tube, thirteen inches long, 
passing through stopper and all made air tight. This tube stood 
out above the iron tube some three inches and reached 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. 
~n. Science agron. fro et etrang. 1iI87, II. Fasc. 2, p. 165. 

'Comptes rend us., 77, 1873, p. 203; ibid., 77. 1873, p. 353. 
'Journ. f. Landw. 1886, p. 232. Journ. f. Landw. 1886, p. 243. 
,Am. agron., 13, No.6, 1887, p. 241. 
'Zeitschr. BioI.. 14, 1878 . • 
'Landw. Versuchsst., 24, 161 (1879) . 
• Cornptes rendus, 80, 22. 
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FlGU~E 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 carbou 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 
100cc. and is graduated into cubic centimeters with divisions 
allowing to record one-tenth of one cc., 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 ('.llrbon 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 rlliny days or on such days which immediately followed 
a heavy rain, because of the muddy condition of the plots which 
rendered observations ver'y inconvenient. Pressing work in ·the 
laboratory, too, sometimes prevented the field observations in 
question. It 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 TEMPERA TURK 

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, both the soH temperature 
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APRIL. 

Remark s 

Tempcr- I rem per-I preciPi- lper cent ' j 
1 ature of ature of tation in of tpe rcentl 
I "ir soil inches C02 of 

OC oc ______ ~~O~~_----------

21.1 11.9 2.25 0.500 21.10 1\MaXimum and 
19.1 13.1 2.25 0.260 21.20 minimum air 
19.1 13.5 2.25 0.220' 21.10 temperature 
19.1 13.3 2.25 0.125 20.85 was 18.7 ° and 
19.1 13.3 2.25 0.125 21.05 4.2°e r e,spect· 
19.1 13.2 2.25 0.125 20.97 ively. 
19.1 13.2 2.25 0.100 20.87 
19.1 14.0 2.25 0.125 20.95 
19.1 15.2 2.25 0.150 21.0'3 
19.1 14.3 2.25 0.225 21.20 
19.1 15.0 2.25 0.233 21.13 
19.1 14.5 2.25 0.22 5 21.00 
19 .1 15.1 2.25 0.175 20.85 
19.1 16.4 2.25 0.167 21.00 
19.1 16.0 2.25 0.133 21.20 
19.1 15.5 2.25 0.167 21.17 
21.1 16.1 2.25 0.100 21.00 
21.6 14.1 2.25 0.300 20.50 
21.6 11.6 2.25 0.200 20.50 
21.6 11.2 2.25 0.150 20.60 
21.6 12.0 2.25 0.250 20.70 
21.6 11.6 2.25 0.150 20.50 

Average . . .. 19.85 13 .82 2.25 0.191 20.93 
MAY 

-A--.- .-. -. -. . - .-. -. -. . - .---.-.-. -. ---.- .-.--. - .-. . - .-- - .- .-.---.-. . - .I .vraXimum and 

B .... .. . . .... 18.80 14.64 1.55 0.14 20.27 minimum air 
C ... .. . . . .. .. 18.80 14.84 1.55 0.30 20.50 temperature 
D .. ..... ... .. 18.80 14.54 1.55 0.16 20.46 was 20.3 ° and 
E 
F :::: : :: :: ::: I 
G 
H 
I 
.T 
K .. .. ... .... . 
L 
M 
N 
o 
p 
Q 
R 
S 
T 
'U 
V 

18.54 14.50 1.55 0.19 20.55 5.8°e r esp.d· 
18.54 14.51 1.55 0.21 20.49 ively. 
18.54 14.70 1.55 0.16 20 .60 
18.54 14.86 1.55 0.15 20.54 
18.54 15.45 1.55 0.19 20.60 
18.54 15.68 1.55 0.14 20.52 
18.54 16.20 1.55 0.25 20.58 
18.54 17.05 1.55 0.25 20.75 
18.54 17.29 1.55 0.19 20.55 • 
18.54 17.20 1.55 0.21 20.58 
17.80 17.94 1.55 0.16 20.63 
17.80 17.90 1.55 0.17 20.64 

· .. ·1 
17.80 
17.80 
17.80 
17.80 
17.80 

17.89 
17.70 
17.99 
18.01 
17.93 

1.55 
1.55 
1.55 
1.55 
1.55 

0.16 
0.13 
0.19 
0.17 
0.13 

20. 69 1 

20.70 
20'.77 
20.81 
20.70 

Average .. . . 18.32 16.34 1.55 0.182 20.60 



PLOT 

A ......... ... 
B .......... . . 
C .... . ....... 
D ..... ....... 
E ............ 
F ............ 
G ............ 
H ." . ........ 
I ." .... , .... 
J ............ 
K ........... , 
L ............ 
U ..... ....... 
N ...... . ..... 
0 . . ...... . .. . 
P ......... .. . 
Q ............ 
R .. , ...... . .. 
S ........ . . .. 
T ............ 
U ............ 
V . . . ......... 

Average .... 

A ............ 
B ........... . 
C ............ 
D ............ 
E .. . . . ....... 
F . . .. . ....... 
G ••••••••• 0 " 

H ............ 
I ............ 
J ........ . ... 
K ............ 
L . ... . ....... 
M .. . . . ....... 
N . ...... .. ... 
0 ............ 
P ..... . .. .... 
Q .. ... ....... 
R ............ 
S ......... ... 
T .... . . . ..... 
U ............ 
V .... . ....... 

Average . ... 
, 
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JUNE. 

\
Temper-ITemper- 1 preCiPi- lper cel1l[percentl 
.lure of all!re of lali<>n in of of 
Air soil inches CO2 0 

OC oC ---
RemarkS 

31.8 22.50 2.36 0.10 19.90 lMaximum and 
28.1 22.20 2.36 0'(}4 19.93 minimum air 
28.1 22.50 2.36 0.82 19.36 temperature 
28.1 22.60 2.36 0.20 20.38 was 27.7° and 
25.6 21.80 2.36 0.14 20.49 12.5°C respec· 
25.7 21.00 2.36 0.11 20.53 tively. 
25.7 20.97 2.36 0.12 20.63 
25.7 20.88 2.36 0'.44 20.26 
25.7 21.44 2.36 0.18 20.56 
25.7 21.86 2.36 0.20 20.61 
25.7 21.68 2.36 0.40 20.35 
27.4 23.38 2.36 0.40 20.53 
27.4 23.62 2.36 0.32 20.52 
27.4 24.05 2.36 0.46 20.34 
27.4 24.50 2.36 0.27 20.38 
27.4 23.75 2.36 0.18 20.54 
27.4 24.42 2.36 0.71 20.15 
27.4 24.81 2.36 0.22 20.54 
27.4 24.67 2.36 0.32 20.60 j 
27.4 24.07 2.36 0.26 20.64 
27.4 24.03 2.36 0.29 20.49 
27.4 24.22 2.36 0.40 200.49 
-- -- -- --. --
27.15 22.95 2.36 0.299 20.37 1 

JULY. 

27.08 21.92 1.42 0.12 20.30 lVI.aximum and 
27.08 24.35 1.42 0.12 20.36 minimum air 
27.08 24.52 1.42 0.17 20'.00 tEmperature 
27.08 24.75 1.42 0.40 19.90 was 31.2° and 
26.40 24.70 1.42 0.20 20.25 14.9°C respec-
26.40 24.48 1.42 0.28 20.30 tively. 
26.40 24.40 1.42 00.38 20.33 
26.40 24.34 1.42 0.18 20.57 
26.40 24.38 1.42 0.26 20.53 
26.40 24.64 1.42 0.20 20.42 
26.40 24.86 1.42 0.22 2Q.42 
27.00 25.32 1.42 0'.28 20.46 
27.00 25.94 1.42 0.20 20.47 
27 .00 26.32 1.42 0.24 20.75 
27.00' 28.16 1.42 0.24 20.43 
27.00 27.86 1.42 0.22 20.47 
27.00 25.26 1.42 0.36 20.53 
27.00 28.72 1.42 0.20 20.30 
27.00 28.50 1.42 0.40 20.33 
27.00 27.74 1.42 0.38 20.53 
27.00 27.90 1.42 0.20 20.60 
27.00 27.72 1.42 0.38 20.40 
-- -- -- -- --
26.82 25.77 1.42 0.256 20.39 
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AUGUST. 

ITcmll"r- ITcmper-1 preCiPi- lper cent l I atureof aturcof tation in of Percent 
PLOT \ air soli inches C02 of Remarks 

oc 0C 0 

A ....... .. . .. 26.4 22.04 3.02 0.17 20.03 Maximum and 
B ............ 26.4 23.84 3.02 0.34 20.18 minimum air 
C ............ 26.4 23.85 3.02 0'.68 19.93 temperature 
D . . . . . . . . . . . . 26.4 23 .82 3.02 0.39 20.10 was 29.5° and 
E ... . ........ 26.4 23.84 3.02 0.40 20.21 15.5 °C respec-
F ............ 26.4 23.84 3.02 0.27 20.23 tively. 
G ... .. ...... . 26.4 23.91 3.02 0.34 20.29 
H .. ..... .. ... 26.4 23.68 3.02 0.37 20.23 
I ... . ....... . 26.4 24.03 3.02 0.17 20.40 
J ......... . .. 26.4 24.02 3.02 0.31 20.29 
K ... . . ....... 26.4 24.17 3.02 0.27 20.33 
L ..... . .. . . . . 26.4 24.99 3.02 0.29 20.23 1 

M ............ 26.4 26:10 3.02 0.42 20.40 
N ............ 26.4 26.32 3.02 0.41 20.43 
0 . ........... 26.4 25.24 3.02 0.27 20.27 
P ............ 26.4 25.37 3.02 0.24 20.44 
Q ............ 26.5 23.83 3.02 0.36 20.43 
R .... .. .... . . 26.8 26.45 3.02 0.38 20.34 
S .... . ...... . 26.2 25.92 3.02 0.30 20.31 
T ............ 26.2 25.59 3.02 0.42 20.42 
U . . . . . . . . . . . . 26.2 25.42 3.02 0.35 20.51 
V ............ 26.2 24.38 3.02 0.42 20.50 1 

1 
Average .... 26.39 24.57 3.02 0.344 20.30 

1 

(22.95°) and the amount of precipitation (2.36 inches) were 
higher than in April (13.82° and 2.25 inches ), or in 1Vlay (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 (0.1820/('). 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 %) . vVe arrive at the same conclussion by comparing 
May and July vvith 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 SEASON. 

(April, May, June, July, August, 1910.) 

Temper-

I 

Te mpcr-

I 

Prccipi- Per Cent I P~rcel1t 

\ 

ature. of atl:.re. of tati · n in of of 
PLO r Air soil inches CO2 0 

oC oC ---

A ... .. ... . ..... .... 26.59 19.59 10.60 0.220 20.33 
B ....... .... ... ... . 23.90 19.63 10.60 0.180 20.38 
C ... .. . ... . ... .. ... 23.90 19.84 10.60 0.440' 20.18 
D ................. . 23.90 19.80 10.60 0.255 20'.34 
E .... ..... ......... 23.21 19.63 10.60 0.211 20.51 
F .................. 23.23 19.41 10.60 0.199 20.50 
U .................. 23.23 19.44 10.60 0.220 20.54 
H .... .. ... ... . ..... 23.23 19.55 10.60 0.253 20.51 
I .... .............. 23.23 20.10 10.60 0.190 20.~2 
J .................. 23.23 20.10 10.60 0.215 20.62 
K .................. 23.23 20.38 10.60 0.275 20.56 
L .............. . . ... 23.69 21.05 1().60 0.189 20.59 
1\1 .................. 23 .69 21.61 10.60 0.261 20.56 
N 

::: ::: :::::::::::: I 
23.69 21.46 10.60 0.297 20.62 

0 23.54 22.37 10.60 0.215 20.58 
P ................. . 23 .54 22.08 10.60 0.195 20.65 
Q . .. ...... .... ..... 25.50 22.40 10.60 0.382 20.53 
R .... ........... ... 24.12 22.39 10.60 0.252 20.47 
S .... . . .... . ..... .. 24.00 21.68 10.60 0.270 20.49 
T . . ..... ..... ..... . 24.00 21.32 10.60 0.280 20.59 
U ..... ... ... ....... 24.0Q 2i.47 10.60 0.252 20.62 
V .................. 24.00 21.17 10.60 0.296 20.52 

Average .......... 23.85 20.75 iO.60 0.252 20.51 

(16.34° and 25.77 ' respectively ) . As a consequence of the higher 
temperature in July, the soil atmosphere was r icher in carbon 
dioxide (0.256 r;1c) than in May (0.182 %) . 

'rhe influence of precipitation alone follows from the taiJles 
for July and August with vel'y little difference in soil tem­
perature (25. 7T and 24.57 ' respectively ), but with considerable 
difference in rainfall (1.42 and 3.02 inches respectively). The 
smaller rainfall in July shows 8 smaller percentage of carbon 
dioxide (0.256 %) in the soil 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°, 2:3.75°, 22.12°, 22.52° and 24.27° respectively ). With 0.29 
pel' cent of carcon dioxide in the soil atmosphere on A ugust 13th, 
it l'ose to 0.99 per cent of carbon dioxirle because of a heavy rain­
fall of Olle 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 C8r-
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August 13 AUlust 16 

I preci
p

-\ 
I 

\precip- \ !Temper- itatian Per cent \ Tempera- itat,ion Per cent 
alure of in of ture of 111 of 

PLOT soil inches CO, 5011 inches CO, 

A --*- 0.13 , I * 23.{) 0.0 o:r-· 0.· · ············· 
B * 0.13 •••.••••••• 0.·' .,. * 24.0 0.0 1.7 

C * 0.13 * 23.8 0.0' 0.3 .................. 
D ........... . ...... * 0.13 * 23.5 0.0 1.5 
E ....... . ..... . .... 24.2 0.13 0.3 23.9 0.0 0.7 
F .. , ............... 24.0 0.13 0.2 23.7 0.0 1.0 
G .................. 23.7 0.13 0.2 24.0 0.0 1.2 
H ............. , .... 23.6 0.13 0.6 23 .4 0.0 1.2 
I ........ . ..... . ... 23.8 0.13 0.1 24.4 0.0 0.6 
J · , .. , ...... , ...... 23.5 0.13 0.2 24 .1 0.0 0.9 
K ........... , ...... 23.6 0.13 0.2 23.5 0.0 1.3 
L .. . ............. . . 24.1 0.13 0.4 25.0 . 0.0 1.1 
M •••••••••••••• 0 ••• 24.6 0.13 0.4 27.0 0.0 1.4 
N ...... . ..... . .. . .. 24.5 0.13 0.4 27.1 0.0 1.0 
0 ..... . ... . ........ 22.9 0.13 0.2 25.8 0.0 0.9 
p .. . ........ , ...... 23.0 0.13 0.3 27.0 0.0 0.8 
Q ......... . ... , .... 22.0 0.13 0.2 25.0 0.0 0.8 
R • , ••••• ' ••••• 0 0 ••• 24.2 0.13 0.4 26.6 0.0 1.1 
S .............. ... . 23.7 0.13 0.4 27.2 0.0 1.0 
T .................. 23.2 0.13 0.4 26 .5 0.0 1.1 
U ........ . ......... 24.0 0.13 0.2 27.1 0.0 1.2 
V ..... , ... . ........ 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 

A .. . ............. , . 23.1 0.3 0.3 21.5 0.0 0.6 
B ................. . 24.0 0.3 0.6 22.0 0.0 0.5 
C · , ... . ........ . ... 24.0 0.3 0.3 21.6 0.0 0.2 
D · , ................ 23.9 0.3 1.2 21.8 0.0 1.1 
E .......... . ....... 24.1 0'.3 0.4 21.5 0.0 0.2 
F ......... . ... . .... 23.4 0.3 0.5 21.2 0.0 0.5 
G .................. 0.3 0.5 21.2 0.0 0.6 
H .. . .............. . Further observations 21.2 0.0 0.9 
I prevented by loain. 21.5 0.0' 0.2 ........ . ......... 
J .................. 21.5 0.0 0.4 
K .................. 21.5 0.0 0.3 
L .... . ............. 22.5 0.0 0.6 
M 0" , •••••• • ••••••• 22.8 0.0 0.6 
N .......... . ....... 23.0 0.0 0.4 
0 ••• • 0 ••••••••••••• 22.5 0.0 a.3 
p ..... . ..... . . . .. . . 22.5 0.0 0.5 
Q • •••••• 0 •••••••• • • 21.5 0.0 0.8 
R · , . , ....... , ...... 22.5 0.0 0.8 
S .. . ....... , ... . ... 23.8 0.0 0.5 
T · , ................ 23.5 0.0 0.6 
U .. , . .... . .. . ...... 23.2 0.0 0.2 
V ..... , ....... . .... 22.4 0.0 0.5 

Average .. . .... . .. 23.75 0.3 0.54 22.12 0.0 0.51 



151 
------------ ------.,.---------

August 19 August 20 

PLOT \ \ 
prCCiO-1 \ \ preciO-1 Temper- it~tion Per cent Tempera- ita~io n Per cent 

ature of In of ture of In of 
soil inch",s C02 soil inches CO, 

A .................. 21.0 M 0.4 22.0 0.0 0.2 
B ..... . .... , ....... 21.8 0.0 0.2 23.4 0.0 0.1 
C ......... , ........ 21.8 0.0 0.1 24.0 0.0 0.1 
D .... , .......... , .. 21.6 0.0 0.6 23.5 0.0' 0.7 
E ••••••••• 0 •• •• •••• 21.6 0.0 0.1 24.0 0.0 0.1 
F ................ .. 21.5 0.0 0.4 24.0 0.0 0.5 
G .................. 21.4 M 0.3 23.7 0.0 0.4 
H .................. 21.5 0.0 0.4 23.0 0.0 0.8 
I ................. . 21.8 0.0 0.2 24.0 0.0 0.1 
J .................. 21.9 0.0 0.3 23.0 0.0 0.3 
K ... ... ..... . ...... 21.8 0.0 0.3 24.2 0.0 0.2 
L ............ , ... .. 23.1 0.0 0.5 24.2 0'.0 0.4 
M .. , ..... .. ... . .. .. 24.1 0.0 0.6 24.3 0'.0 0.5 
N ..... , ... , ..... . ,. 24.1 0.0 0.3 25.1 0.0 0.7 
0 ........ , ......... 23.3 0.0 0.3 23.1 0.0 0.2 
P .................. 23.6 0.0 0.5 25.1 0.0' 0.2 
Q .... ... ........ , .. 22.1 0.0 0.7 24.2 0.0 0.7 
R ...... , ........... 0.0 24.7 0.0 0.2 
S ........ , ...... " . 24.8 0.0 0.3 27.7 0.0' 0.2 
T ................. . 23.3 0.0 0.5 25.8 0.0 0.6 
U .. , . . ............ . 24.4 0.0 0.3 26.4 0.0 0.2 
V ... ............. .. 22.5 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 obRervatiolls were made during August 14 and 15. Pre­
cipitation of August 14 and 15 was equal to 0.12 and 1.00 inch 
l'ep,pectively. 

It is interesting to note that the avemge 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 20.8 %, which is 
approximately the pet'centalle 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+02=CO.~ . Hence, all 
other things being equal, the soil atmosphere differs from the air 
in that it is poorer in oXy9'en :1l1d correspondingly richer in car­
bon dioxide. In other words, the total percenta9'e of carbon diox­
ide and oxygen in the wil atmosph~re jr;; a1JQut the same as in 
the air. 
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IMPORTANCE OF 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 
repre>:ents plant food. True, the air contains enough carbon di­
oxide to feed all plants. 'l'he fact, however, should not be for­
gotten that the increase in mass of any plant is, everything being 
equal, proportional to the period 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 throughout all the plots examined was small, 
owing to inconsideratle rainfall in the summer of 1910, we find, 
however, that the average proportion for the whole season anel 
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 is an indication that not merely carbon, but that other 
elements contained in the humus, are also being decomposed 
which means a new supply of amm onia, nitrates, phosphoric acid, 
etc. 

A further exnmination of the data in hand shows that the 
production of carbon dioxide, through decomposition of humus, 
is on the whole Ltirly uniform in all the plots, being for the whole 
>:easOlJ lowest in plot B (0.180 % CO 2 ) and highest in plot C 
(0.440 % CO2 ), It is of interest to note that the least decompo­
sition took place in plot B, which was treated annually with 
peat, showing the inert character of the latter. 'l'he rather uni­
forlll and in but small degree varying decomposition ot soil lm­
mus has as a consequence thc constant production of plant food 
throughout the growing season. This is a great advantage as 
compared with commercial fertilizers, such as nitrate of soda, 
which being 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 fo od r esulting from the gradual 
decay of humus materials. 

In addition to the inflnence of moisture and temperature upon 
tlie decomposition of soil organic matter it was intended to find 
out the behavior of the organic matter as affected by tillage of 
the soil. For lack of time, however, this question could not be 
investigated as thoroughly as it undoubtedly deserves. A few 
observations only, given in Table III, will be given any 
space here. 'Thus, the percentage of carbon dioxide in the soil 
atmosphere of the plots B, C, 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 percent: . The cultivation of the plots on 
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TABLE III. 

[
May 20 I May 23 --I';" N aj' 24 , N- , y 26 \ May 27 [ 

CO2 I CO, CO, I CO2 CO2 
percent ) percent 1 elcent t:crcent percent Remarks 

Plot 

-13---- - o-:r- . ----0:-% -~-____0:4- -~ The plots -were 
C 0.1 0.1 0.1 0.9 0.7 cultivated on 
D 0.1 0.1 0.1 0.2 0.4 May· 23 and 
E 0.2 0.1 0.1 0.3 harrowed on 
F· 0.1 0.1 0.1 0.2 May 25. 

:'lay 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 l\Iay 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 infiuence oE chemical factors upon decomposi­
tion of soil humus and comparing the results secured for total 
and available phosphoric acid (rrable I ) 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. In the case of the plots examined it may 
te 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 
the 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, 
(4.62 %) . shows a soil atmosphere richest in carbon dioxide 
(0.440%). Likewise, the plots Q and V, with considerable hu­
mus. percentage (3.35 %,3.27 % respectively) show a high propor­
tion of carbon dioxide in their· atmospheres (0.382 %, 0.296 % 
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respectively ) . Plot B, though with a high humus content, 
(4.02%) shows a soil atmosphere poorest in carbon dioxide 
(0.180%) which is perhaps due to the inert character of 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 playa 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 
operati0ns) 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 organic 
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 atmosphel'e. It 
seems fairly reasonable to ascribe it in part to the inert nature 
of the peat with which it was annually treated. 


