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QUANTITATIVE RELATIONSHIPS OF

CARBON, PHOSPHORUS AND
NITROGEN IN SOILS*

BY ROBERT STEWART

(A) HISTORICAL

The literature on carbon, nitrogen and phosphorus in soils is

voluminous. The resume given herewith by no means attempts to

include all that pertains to these elements in the soil, but it is con-

fidently believed that it fairly represents the literature pertaining
to this particular phase of the subject.

i. CARBON IN SOILS

Carbon may exist in soils as inorganic and as organic carbon.

The agricultural value of organic carbon, or organic matter, of soils

has long been recognized by the practical husbandman, and the

scientific man early recognized its value when the applications of

science were made to agricultural problems.
Mulder (i), in 1844, made an elaborate study of the organic

matter of the soil, and seems to have been the first one to suggest
that it consisted of other elements than carbon, hydrogen and

oxygen. He separated the organic matter into various supposedly

pure organic compounds of an acid nature, which were analyzed
and studied by the usual organic method.

Wolff (2) determined the organic matter of the soil by calcu-

lation, by use of the factors 1.724 or 0.471 ;
he multiplied the or-

ganic carbon by the former factor, or the total organic carbon

dioxid by the latter. The factors were derived from the concep-
tion that "humus" contained 58 percent carbon.

Detmer (9) attempted to isolate "pure" humic acid from the

soil and to study its properties. He obtained a fairly pure product
which he studied and submitted to analysis.

A little later Grandeau (10) developed his well known method
for determining the matierc noire of soils, which he regarded as

of great importance. He stated that soils owed their color and

*Submitted to the Faculty of the Graduate School of the University of Illinois in partial
fulfillment of the requirements for the degree of Doctor of Philosophy, June, 1909.
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probably their fertility to its presence, since it held in combination

phosphorus, nitrogen, and certain mineral elements.

Deherain (22) determined the carbon content of soils from

plots which had received different treatment. He found that the

soils from the plots which had not been manured had lost over

50 percent of their carbon.

Kostytscbiff (24) studied the humus obtained from substances

of known origin and which were converted into humus under con-

trolled conditions. He learned that even with the albuminous sub-

stances the carbon was lost more rapidly than the nitrogen, hence

the ratio of carbon to nitrogen would be narrower in the resulting
humus than in the original material.

Berthelot and Andre (31) found that 67.1 percent of the total

carbon in soils was soluble in dilute alkalis but that over one-half

of this soluble carbon, or 40 percent of the total carbon, was not

precipitated from the alkalin solution by the addition of an acid.

Snyder (37) reported the results obtained by a study of the

production and analysis of the humus obtained from such sub-

stances as cow manure, clover, meat scrap, etc., etc., which were

converted into humus under known conditions. The carbon con-

tent of the humus varied from 41.95 percent in case of the hu-

mus produced from cow manure to 57.84 percent in case of the

humus produced from cane sugar.
Hess (45) studied the effect of different systems of treatment

on the humus of the soil. He found that the ratios of carbon to

nitrogen and nitrogen to humus were not materially affected by the

treatment applied.
Andre (47) studied the action of potassium hydroxid on the

carbon compounds of the soil, mould, compost and peat. He de-

termined the insoluble and soluble carbon; the latter he separated
into two classes

;
the portion precipitated from alkaline solution by

the addition ef an acid, and the portion remaining in solution. The
results obtained are expressed in Table I.

TABLE 1 PERCENTAGE OK SOLUBLE AND INSOLUBLE CARBON AND RATIO
OF CARBON TO NITROGEN
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The ratio of carbon to nitrogen in the original material was :

peat 22.7; compost 15.0; soil 24.7; and mould 12.8. He concluded

that the more insoluble the compound the wider was the carbon-

nitrogen ratio. The potassium hydroxid showed a tendency to dis-

solve the compounds rich in nitrogen.

Pagnoul (51) found no fixed relation between the carbon and

nitrogen of the soil, but apparently the carbon, nitrogen, and hu-

mus varied in the same direction, altho irregularly.
Rimbach (53) concluded that since the matiere noire was

readily nitrified it was the direct source of the nitrates of the soil,

and thus the insoluble carbon was of insignificant value.

Frear and Hess (54) found that lime caused a more rapid loss

of carbon than of nitrogen in manured land, but the reverse in un-

manured land.

Dyer (55) studied the carbon and nitrogen content and the re-

lationship between carbon and nitrogen in the soil taken from 22
different plots of the Rothamsted experiment fields. These data

are furnished for each individual 9-inch section to a depth of 90
inches.

The carbon and nitrogen contents of the higher depths were

higher than those of the lower depths and the ratio of carbon to

nitrogen is wider in the former. At the fifth to sixth depth the

carbon and nitrogen contents seem to become fixed quantities and
are apparently those derived from the original matter out of which
the soil was formed.

A study of various clays and other material taken from great

depths seemed to indicate that a nitrogen content of .04 percent
was indigenous to the subsoil of the Rothamsted station.

Cameron and Breazeale (61) investigated the three general
methods for determining the carbon content of the soil : namely,
the "loss on ignition" method, the humus method, and two forms-

of a combustion method. They concluded that the first two meth-

ods were unreliable : the first, because there was no apparent re-

lationship existing between the results obtained and the true carbon

content; the second, since it made no pretense of giving the total

carbon in the soil.

It is interesting to note that they reported that the ammoniacal

extract contained so much suspended material that it was found

undesirable to work with until it was passed thru a Chamber-

land-Pasteur filter, when a perfectly clear solution was obtained.

Konig (67) recently studied the influence of hydrogen peroxid
on the organic matter of the soil. He found that it consisted of

two parts, one easily oxidized by hydrogen peroxid, the other not

oxidized by this reagent.
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Hopkins and Pettit (68) reported the total carbon, nitrogen
and phosphorus contents of a great number of samples of the soils

of Illinois. This work is thus made the basis of calculating the

relationship of carbon, nitrogen and phosphorus reported in part

(B) of this thesis.

2. NITROGEN IN SOILS

The nitrogen in soils exists chiefly as organic nitrogen wtih a

very small amount of inorganic nitrogen. The organic nitrogen
may exist in some known and probably some unknown forms.

Mulder (i) believed the nitrogen found in the humus to be
associated with the organic matter in the form of the ammoniacal
salts of the various organic acids obtained by him.

Miiller (4) thought he detected a tendency for the nitrogen
to vary inversely as the carbon.

Detmer (9) believed that the nitrogen formed a definite com-

pound with the organic carbon of the soil since the nitrogen could

be liberated only with great difficulty and by the use of the most
drastic chemical agents.

Simon ( 1 1 ) believed that the organic matter of the soil pos-
sessed the property of absorbing the free nitrogen of the atmos-

phere and of converting it into ammonia which in turn united

with the organic acids in the form of their ammoniacal salts. Sos-

tegni (19) a little later discussed the work of Simon and reported
a series of experiments to prove that Simon's assumption was .

untenable.

Berthelot (19), in 1886, reported the carbon and nitrogen con-

tents of calcareous clayey soil, originally very deficient in organic
carbon and nitrogen but which was gradually increasing in carbon

and nitrogen content owing to the action of diatoms.

Berthelot and Andre (20, 74, 75, 76) later carried on a series

of experiments for the purpose of separating the organic nitro-

genous rnaterial into its various compounds. They reported the

amount of total, nitric, amido and ammoniacal nitrogen present in

the soil.

Eggertz (21) differed very materially from Mulder. He con-

cluded that Mulder's contention, that the nitrogen associated with

the organic matter of the soil existed only as the ammoniacal salts

of the various organic acids, was untenable. If the nitrogen ex-

isted simply as the ammoniacal salt of the humic acid, treatment

with hydrochloric acid should liberate all the nitrogen as ammonia,
which, experimental evidence showed, was not the case.

Furthermore, artificial humic acid, treated with ammonia, did

form ammonium humate, which, however, was readily decomposed



/pzo] CARBON, PHOSPHORUS AND NITROGEN IN SOILS 95

by treatment with a mineral acid
; yet, if this artificial humic acid

be heated in a current of ammonia gas, combination took place, and
the resulting compound could not be decomposed by treatment

with mineral acids. He therefore concluded that the nitrogen
formed an integral part of the humic acid radical.

Berthelot and Andre (26) studied artificial humic acid pre-

pared out of sugar. This acid formed salts with various bases,

which were easily decomposed again by treatment with an acid,

except in the case of the ammonium salt, the nitrogen of which
could not be entirely liberated by this treatment. They concluded

that the nitrogen, in part at least, formed an integral part of the

humic acid radical.

Hilgard and Jaffa (30), in 1892, propounded their well known
view regarding the importance of the nitrogen associated with the

extracted matiere noire.

Berthelot and Andre (31) regarded the organic matter of the

soil as of great importance since it prevented the loss of nitrogen
thru drainage and since the nitrogen was held in insoluble combi-

nation in the organic matter.

Fulmer (38) determined the humic nitrogen in 53 samples of

Washington soil and attempted to work out the relationship be-

tween carbon and nitrogen by means of the formula c = ~
,

where c = the percentage of nitrogen in the matiere noire; b =
the percentage of the total soil nitrogen; a= the percentage of
humus. By means of this formula the 53 samples of soil were

separated into three classes
;
the first class contained 19 samples in

which the variation in the humic nitrogen calculated by means of

the formula was within one percent of the analytical result; the

second class contained 10 samples and the variation was from one
to two percent ;

the third class contained 24 samples and the varia-

tion was anywhere over two percent. These results furnished good
evidence that no one given relation would hold for all soils.

Wheeler (48) found that both lime and gypsum caused a de-

crease in the amount of humus but that the percentage of humic

nitrogen was increased. Similar results were obtained by Frear

and Hess (54) on manured land.

Dojarenko (56) recently studied the "humic" nitrogen of soils.

He determined the total, humic, amid, ammoniacal and amido ni-

trogen in seven samples of black Russian soils. The results are

reported in Table 2.
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TABI,E 2. PERCENTAGE off TOTAI, HUMIC, AMIDO, AMID AND AMMONIACAL
NITROGEN IN HUMUS
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that the material could be freed from phosphorus only with great

difficulty.

Grandeau (10) regarded the phosphorus associated with the

extracted matiere noire as being of the greatest importance and

probably in special combination with the organic matter. He re-

garded it as an index of the fertility of the soil.

Simon ( 1 1 ) believed that he had demonstrated that union took

place between organic matter and phosphates. When freshly pre-

cipitated humic acid was suspended in water and digested with

calcium phosphate and then filtered, the filtrate showed an excess

of phosphoric acid : this excess, he concluded, must be in union

with the organic matter in solution. He thought that a double

compound of ammonia and phosphorus existed in the soil.

Schultz (12) showed that the addition of humus to "Basalt-

boden" increased the absorption ability of the soil for phosphates.
Eichhorn (13) repeated some of Simon's work and concluded

that organic combination did not take place as indicated by Simon
but that the humus had decomposed the tri-calcium phosphate
with the formation of acid phosphate.

Pitsch (14) determined the solubility of the various mineral

phosphates, including iron and aluminium phosphates, in a solu-

tion of ammonium humate itself. He concluded that since this

solution exerted a solvent action on mineral phosphates, the am-
monia extract of the soil contained phosphorus other than that

originally associated with the organic matter in the soil and prob-
ably part, at least, of the ammonia-soluble phosphorus was de-

rived from the iron and aluminium phosphates.
M. P. DeGasparin (15) found in calcareous clay soil 5 per-

cent of the total phosphorus in organic combination. He noted,

furthermore, that the mosses and lichens contained from 5 to 6
times as much phosphorus as the rocks on which they grew; the
soil formed, therefore, from the debris of these plants should be

relatively richer in phosphorus and should have a part of its phos-
phorus in combination with carbon in the organic material.

Eggertz (21) found that the ammoniacal extract of the
soil.,

when treated with ?n acid, formed a precipitate of organic matter
which always contained phosphorus. He concluded, therefore, that

part of the phosphorus of the soil was united to the carbon in or-

ganic combination.

Later Eggertz and Nilson demonstrated that the amount of

phosphorus soluble in dilute mineral acids showed a marked in-

crease after ignition of the soil. Ignition rendered 10 times as
much phosphorus soluble in 2 percent hydrochloric acid. They
attributed this to the destruction of the organic matter which had
held the phosphorus in combination and which would not yield up
its phosphorus to acids.
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Van Bemmelen (23) believed that the iron, calcium, silica,

phosphoric acid, etc., found in the ash of the matiere noire by Eg-
gertz, were not originally chemically combined to carbon in the

organic matter of the soil but were absorbed by the precipitated

gelatinous matiere noire. According to Van Bemmelen the phos-

phorus existed in the soil principally as calcium phosphate with a

very small quantity occurring in the absorbed state in the form of

a colloidalcn Humate-Silicat-Komplex.
Two questions seemed to be of paramount importance to Wik-

lund (25) regarding the work of Eggertz : First, was the amount
of the ammonia-soluble phosphorus obtained from different soils

constant? Second, did the phosphorus exist in the mullkorpers

(matiere noire of Grandeau) in chemical combination with carbon,
or simply as absorbed phosphorus? He concluded that there was
a tendency for the ammonia-soluble phosphorus to be constant in

different soils. He showed, further, that one digestion with 12

percent hydrochloric acid did not completely remove all of the

acid-soluble phosphorus, but a second and even a third digestion
still removed some phosphorus. Now, he reasoned, if the phos-

phorus removed by the second and third digestion was simply ex-

tracted from the absorbed phosphorus, extraction of the soil with

ammonia after the first digestion with hydrochloric acid should

yield a solution of matiere noire containing a higher phosphorus
content than when the soil was completely extracted with the hy-
drochloric acid. Such, however, was not the case; therefore, the

phosphorus did not exist as absorbed phosphorus and must be in

combination with carbon in the organic matter.

Snyder (34) noted that some phosphorus, iron, etc., were ex-

tracted with the matiere noire but he did not seem to think at this

time that there was any evidence of combination with carbon.

About the same time he observed the rapid loss of phosphorus as-

sociated with the humus in continuously cultivated soil.

According to Berthelot and Andre (27) phosphorus may be

found in the soil (a) in inorganic or mineral phosphates, (b) in

organic ethers and (c) in organic or mineral compounds not read-

ily decomposed.

Schmoeger (29) reviewed the rival claims of Eggertz and Nil-

son, and Wiklund, on the one hand, and Van Bemmelen, on the

other, regarding the phenomenon of ignition rendering the -phos-

phorus of peaty soil more readily soluble in acids.

It seemed possible to Schmoeger that the soil might possess
such a tenacious absorbent power for phosphorus that it would not

yield up its phosphorus to acid treatment before ignition. But he

deduced experimental evidence to show that such was not the case.
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Digestion of the soil itself and also the extracted matiere noire

with a solution of potassium hydrogen phosphate failed to add any
phosphorus which was not again recovered by treatment with

hydrochloric acid. This was conclusive evidence to Schmoeger
that the phosphorus did not exist as absorbed phosphorus and

must, therefore, exist in organic combination. Two possibilities

suggested themselves to Schmoeger: first, the phosphorus existed

in the form of lecithin
; second, it existed as nuclein. Lecithin was

found to be present only in traces. The characteristic property of

nuclein to "split-off" its phosphorus in the form of phosphoric

acid, when heated under pressure in the presence of water to a

temperature of I5o-i6o, was utilized by Schmoeger. The soil

under examination, treated in this way, yielded as much soluble

phosphorus as did the ignited soil. This experimental evidence

led him to conclude that nuclein or some closely allied bodies were

present in the soil.-

Later Schmoeger (39) confirmed his previous work and pro-
duced additional evidence in favor of his view that nuclein or simi-

lar bodies existed in the soil. Table 3 shows some of the re-

sults obtained.

TABI,E 3 PERCENTAGE OF SU^FURIC ACID AND PHOSPHORUS SOLUBLE IN

DILUTE ACID
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In a later article (42) he showed that very little water-soluble

phosphorus existed in the soil under consideration, but that dry-

ing at 7O-8o rendered over 50 percent of the total phosphorus
soluble in water.

Snyder (36) reported results of a confirmative nature regard-

ing the phosphorus associated with the humus in virgin and cul-

tivated soils.

Later (37, 41) he studied the product obtained by the conver-

sion of known substances, under known conditions, into humus. -

The ash of the matiere noire obtained from this material contained

phosphorus, among other substances, and according to Snyder,
"There is every indication that these elements are in organic com-
bination with the carbon, hydrogen angl oxygen of the humus."
As regards the question whether or not the humus united with the

inorganic phosphorus of the soil, he concluded that his experi-
mental evidence showed that such union did take place.

Nannes (49) found that a well decomposed peat soil con-

tained o. 166 percent phosphorus. He found that 0.057 percent of

phosphorus was extracted with the matiere noire. When the am-
moniacal solution of the matiere noire was treated with hydro-
chloric acid, 0.039 percent of the phosphorus was found in the

organic precipitate. He also attempted to isolate a definite organic

phosphorus compound and he believed that he detected the pres-
ence of lecithin and chlorophyllan.

Ladd (43) found in a study of eight samples of different soil

that an average of 41 percent of the phosphorus was associated

with the extracted matiere noire; the variation, however, wras from
10 percent to 90 percent.

In a later article (44) he showed that as the humus of the soil

increased the phosphorus associated with the extracted matiere

noire also increased. From the fact that the organic precipitate,

formed by neutralizing the ammoniacal extract, contained the

phosphorus, he concluded that it existed in the soil in organic com-

bination, but just what \vas the relationship was not clear.

Emmerling (52) believed that there were four forms of"phos-

phorus in the soil, one of \vhich was phosphorus in organic com-

bination.

Rimbach (53) found 6.15 percent P2O5 in the ash of the

matiere noire which was precipitated from the ammoniacal solu-

tion by the addition of gypsum and magnesium sulfate.

Nagaoka (57) found that ignition of the soil for fifteen min-

utes at a faint red heat materially increased the availability of the

phosphorus. He attributed this action to the destruction of the

humophosphates.
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AsG (58) confirmed, in a general way, the results obtained by

Schmoeger. He also found 0.049 percent of lecithin in the soil.

He drew the following conclusions :

1. Phosphorus existed in the soil as inorganic and as organic

compounds.
2. The organic phosphorus material was principally nuclein

with a very small part cf lecithin.

3. Ignition rendered the phosphorus in organic combination

available.

Hartwell and Kellogg (60) found that an average of one-half

of the phosphorus was associated with the organic matter in the

soil taken from four plots which had received different treatment.

Dumont (62) studied a complete manure, the composition of

which was as follows: soluble matter (in dilute alkali) 50.4 per-

cent; insoluble matter 40.6 percent; total nitrogen 1.6 percent;
total phosphorus 1.27 percent.

The soluble portion contained 35 percent of the nitrogen and

46 percent of the phosphorus. In order to obtain data upon the

state of combination of the phosphorus, the ammoniacal solution

of matiere noire was treated with various reagents with the result

(recalculated to the element basis) shown in Table 4.

4. DISTRIBUTION OK PHOSPHORUS WHEN Matiere Noire Is

PRECIPITATED

Precipitating agent
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TABLE 5. AMOUNT OF PHOSPHORUS IN PRECIPITATED HUMUS AND FILTRATE

Precipitating

agent
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suspended clay. They claimed that filtration thru the Cham-
berlain-Pasteur filter, as suggested by Cameron, introduced a seri-

ous error inasmuch as the filter absorbed some organic matter.

They proposed an evaporation method : by evaporation of the

ammoniacal extract to dryness and re-dissolving in ammonia and
filtration several times, a perfectly clear solution was obtained.

Determination of the humus in this filtrate gave very concordant

results.

Hopkins and Pettit (68) found that in certain soils the min-

eral composition had a tendency to be constant in the surface, sub-

surface, and subsoil. This was indicated by the uniform potassium
content of the surface, subsurface, and subsoil and by the fact that

different samples of surface soil of the same type showed a wide
variation in the phosphorus content but that this variation largely

disappeared in the subsoil. The potassium exists in the soil in the

inorganic form, the nitrogen exists chiefly in the organic form,
while the phosphorus may exist in the inorganic and in the organic
state. They suggested, therefore, a method for calculating the

phosphorus in the organic state in the surface soil. The difference

in amount of nitrogen in the surface soil and subsoil, and the dif-

ference in the amount of phosphorus in the surface soil and subsoil

gave apparently the amount of nitrogen and phosphorus associated

together in organic combination. By means of this ratio and the

total amount, of nitrogen in the surface soil the total amount of

organic phosphorus present in the surface soil could be calculated.

4. CARBON AND NITROGEN CONTENT OF FUNDAMENTAL ROCKS

The fundamental rocks out of which soils have been formed
contain an appreciable amount of carbon and nitrogen which is in-

digenous to them.

Dellese (3) discovered that mineral matter (crystalline, sedi-

mentary and eruptive) contained carbon associated with nitrogen.
This mineral matter, which was formed under similar conditions

of temperature, pressure, etc., had a tendency to contain a constant

amount of carbon and nitrogen.
The work of Lawes and Gilbert (16), Dyer (55) and Hall and

Miller (66) on the clays and other fundamental rock material

taken from various great depths indicated that an appreciable
amount of carbon and nitrogen wfas indigenous to the underlying
soil material.
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(B) EXPERIMENTAL PART

The starting point of such an. investigation consists of a con-

sideration from a mathematical point of view of the existing data

regarding the relationships of carbon, phosphorus and nitrogen in

the soil.

i. MATHEMATICAL

(a) INFLUENCE OF AGE UPON THE NITROGEN-CARBON RATIO

From the data available in the literature it is possible to deter-

mine within certain limits the influence of age upon the nitrogen-
carbon ratio in soils. From the average results of a number of

nitrogen determinations (68) and the carbon content obtained by
calculation from the proximate analysis, it is possible to determine

the approximate nitrogen-carbon ratio in the more common humus

producing materials. The results obtained in this way will be

found in Table 6. The materials naturally fall into two groups :

in the first group the ratio varies from i :^2.2 for corn stover to

i 184. i for wheat straw; in the second group the variation is from
1 116.7 for alfalfa hay to i :35-4 for timothy hay.

TABLE 6. APPROXIMATE NITROGEN-CARBON RATIO IN THE MORE COMMON
HUMUS PRODUCING MATERIALS

Kind of material
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of soil having a low humus content, in a box and set it aside for one

year. At the end of the experiment the humus was extracted and
the carbon and nitrogen determined in the matiere noire. At first

thought this would appear to furnish the desired information, but

unfortunately no check was run with the untreated soil; so no cor-

rection can be made for the carbon and nitrogen which may have
been converted into humus from the unhumified material of the

soil. This is evidently not a quantity which can be ignored, since

the humus content of the original soil is .06 percent while the

total nitrogen of the soil is .02 percent, showing that considerable

unhumified organic matter was present ;
otherwise the humic nitro-

gen would be 33.33 percent, while it has been shown (71) that the

humic nitrogen would more probably be nearer 5 percent. In ad-

dition, the fact that the humus obtained from sugar contains some

nitrogen is evidence that some of the unhumified organic matter of

the soil has been converted into humus, since sugar does not con-

tain nitrogen. The results, however, will be found in Table 7. In

TABLE 7. MINNESOTA SOIL STUDIES: HUMUS PRODUCTION FROM KNOWN
MATERIALS
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TABLE 8. RATIOS OF CARBON AND NITROGEN IN ILLINOIS SOILS

Soil

type
No.
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Hall and Miller (66) reported the carbon and nitrogen con-

tent, and the ratio of carbon to nitrogen, in samples of various ma-
terials taken from such great depths as to preclude all possibility
of weathering. Since the nitrogen was always found to be associ-

ated with carbon it was regarded as being of organic origin and
as being derived in part from the organic matter present in the

clay at the time of its deposit. These results are shown in Table n.

TABI<E 11. CARBON AND NITROGEN IN UNWEATHERED ROCKS

No. of
soil
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TABLE 12. APPROXIMATE CARBON-PHOSPHORUS AND NITROGEN-PHOSPHORUS
RATIOS IN THE MORE COMMON HUMUS PRODUCING MATERIALS

Kind of material
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TABLE 14. ILLINOIS SOILS: ORGANIC PHOSPHORUS; RATIOS OF CARBON TO

PHOSPHORUS, NITROGEN TO PHOSPHORUS AND CARBON TO NITROGEN,
FACTORS FOR CALCULATING THE ORGANIC PHOSPHORUS

Soil

type
No.
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It will be observed that from 1/4 to 2/5 of the total phos-

phorus of the several soil types considered is in organic combina-
tion. These results indicate that a larger amount of phosphorus
is in organic combination than the work of some American investi-

gators would lead us to believe.

2. CHEMICAL

(a) ANALYTICAL RESULTS OF SOIL FROM ILLINOIS SOUTH EXPERI-
MENTAL FARM

A sample of soil for a study of the organic phosphorus, by the

available methods for the determination of the organic phosphorus
of the soil, was obtained from the Illinois South Experimental
Farm. This soil is the ordinary brown silt loam soil of the corn

belt.

The total potassium, carbon, nitrogen and phosphorus in the

surface and subsoil were determined by the methods adopted by
the Illinois Experiment Station. The results, expressed as pounds

per two million pounds of dry soil, will be found in Table 15. The

average potassium content of 36,700 pounds and 37,070 pounds
in the surface and subsoil indicate a constant mineral composition ;

hence the calculation method may be safely applied for the deter-

mination of the organic phosphorus. The amount of organic phos-

phorus, the various ratios and the developed factor will be found

in Table 16. It will be seen that 46 percent of the total phosphorus
in this soil is in organic combination.

TABLE 15. ANALYTICAL RESULTS OF SOIL FROM ILLINOIS SOUTH EXPERI-
MENTAL FARM: RESULTS EXPRESSED AS POUNDS IN

Two MILLION POUNDS OF DRY SOIL

Soil No.
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TABLE 16. ORGANIC PHOSPHORUS: RATIOS OP CARBON To ORGANIC PHOS-

PHORUS, NITROGEN TO 1 ORGANIC PHOSPHORUS, CARBON
TO NITROGEN IN SURFACE SOIL.

Pounds of

organic
phosphorus

in two
million

pounds of
soil
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removal of the suspended clay. Unless otherwise stated the latter

method was used for the removal of the suspended clay in all the
work reported in this paper.

Owing to the conflicting evidence regarding the phosphorus as-

sociated with the extracted matiere noire, it seemed desirable to do
some work with this material other than the simple determination
of the phosphorus.

The soil, without previous treatment with hydrochloric acid to

remove the calcium, was extracted with 4 percent ammonia in the

ratio of i part of soil to 50 parts of ammonia water for 36 hours,
as in the usual humus determinations. The clay was removed by
evaporation and the matiere noire was obtained in quantity for

study. Conditions here are such that the maximum quantity of in-

organic phosphorus should be found in the ammoniacal extract

since none has previously been removed by treatment with a min-
eral acid, as in the usual humus determinations.

The suspended clay removed by evaporation was analyzed for

carbon and phosphorus with results as follows: Carbon 3.73 per-
cent and 3.61 percent, or an average of 3.67 percent; phosphorus
0.118 percent and 0.109 percent, or an average of 0.113 percent.

Since the carbon in the original soil was only 2.09 percent while

the phosphorus was .046 percent, the relative increase of carbon

and phosphorus in the suspended clay indicates undoubtedly the

accumulation of organic matter with the "clay." It would appear

probable that the grinding of the sample of soil, while preparing
it for analysis, would convert the organic matter into an im-

palpable powder which would have a tendency to remain sus-

pended in the liquid together with the fine clay particles when the

soil was extracted with ammonia.
The amount of the extracted matiere noire was determined

It was then analyzed for carbon, nitrogen and phosphorus. The
carbon was determined by the method suggested by Pettit and

Schaub (59). The total nitrogen was determined by the regular

Kjeldahl method
;
correction was then made for the absorbed am-

moniacal nitrogen by determining the latter in a separate sample

by distillation with magnesium oxid. The phosphorus was de-

termined by igniting a sample of the matiere noire and treating

the ash with aqua regia; the silica was removed by evaporation
and the phosphorus determined by the usual volumetric method. A
confirmatory test made by determining phosphorus by fusion with

sodium peroxid gave 0.835 percent and 0.815 percent phosphorus
in the matiere noire, while the method adopted gave 0.860 percent
and 0.830 percent.

The results obtained expressed as pounds per two million

pounds of soil are recorded in Table 17.
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TABLE 17. Matiere Noire, CARBON, NITROGEN AND PHOSPHORUS IN THE
Matiere Noire; RESULTS EXPRESSED AS POUNDS PER

Two MILLION POUNDS OF DRY SOIL

(Soil not acid-extracted before treatment with ammonia)

Number
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Of the total matiere noire obtained, only 32.7 percent has been

precipitated from the alkaline solution by hydrochloric acid. The
portion remaining in solution does not consist of inorganic salts,

as might be supposed, as is readily shown by the fact that only
39.4 percent of the carbon and 37.3 percent of the nitrogen has
been precipitated. This shows conclusively that only about 1/3 of

the dissolved organic matter has been precipitated.

Only 8.0 percent of the total soluble phosphorus, or 19 pounds
out of 238 pounds, has been precipitated from alkaline solution by
hydrochloric acid. Has the phosphorus remaining in solution in

the mother liquor been derived from organic or inorganic sources ?

The fact that 60.6 percent o'f the carbon and 62.7 percent of the

nitrogen also remain dissolved in the mother liquor would appear
to be significant.

Having made a study of the matiere noire obtained from the

original soil it seemed desirable to investigate the matiere noire

obtained in the usual way after the soil had been extracted with

i percent hydrochloric acid to remove the calcium and magnesium.
It seemed reasonable to suppose that the acid extraction would re-

move also a considerable quantity, if not all, of the inorganic phos-

phorus, which may have previously passed into the ammonia so-

lution.

As before, the amount of matiere noire was determined and

then extracted in quantity for, the determination of carbon, nitrogen
and phosphorus. The results obtained will be found in Table 20.

TABLE 20. Matiere Noire, CARBON, NITROGEN AND PHOSPHORUS IN THE
Matiere Noire: RESULTS EXPRESSED AS POUNDS PER Two

MILLION POUNDS OF DRY SOIL

(Soil acid-extracted before treatment with ammonia)

Number
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TABLE 21. PRECIPITATED Matiere Noire; CARBON, NITROGEN AND PHOSPHO-
RUS IN THE PRECIPITATED Matiere Noire: RESULTS EXPRESSED AS

POUNDS IN Two MILLION POUNDS OF DRY SOIL

(Soil first acid-extracted before treatment with ammonia)

Number
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Schmoeger (39) has demonstrated that the organic phosphorus
compounds of the soil are decomposed by heating under pres-
sure. It would appear probable, therefore, that the simple evapor-
ation of the ammoniacal solution on the water bath in the prep-
aration of the matiere noire in quantity for analysis would cause
a decomposition of the phosphorus compounds; hence when tire

matiere noire is redissolved and precipitated by hydrochloric acid,
less phosphorus would be obtained in the precipitate than would
be the case if the material had not been heated. This idea was
confirmed by experimental evidence, as is shown in Table 23. The
precipitated matiere noire obtained from the original soil, which
had not been extracted with hydrochloric acid, showed 19 pounds
of phosphorus per two million pounds of soil. A portion of the

ammoniacal extract of this soil was freed from clay by Frap's
method

;
an aliquot part of the extract was then neutralized with

hydrochloric acid : the precipitate obtained showed 68 pounds of

phosphorus per two million pounds of soil, or over three times

as much as did the precipitate obtained from the evaporated ma-
terial.

TABLE 23. PHOSPHORUS IN PRECIPITATED Matiere Noire: RESULTS EX-
PRESSED AS POUNDS PER Two MILLION POUNDS OF DRY SOIL
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til free from barium and the phosphorus determined. This phos-
phorus must have been derived from organic sources. The results

are recorded in the last column of Table 23 and compare very
well with those previously obtained.

According to Schmoeger, extraction of the soil for 24 hours
with 12 percent cold hydrochloric acid removes all of the inorganic

phosphorus readily soluble in dilute acids. Would not such treat-

ment also remove any inorganic phosphorus readily soluble in

dilute alkali ? It would certainly seem that the subsequent extrac-

tion with dilute ammonia of the acid-extracted residue ought to

dissolve only organic phosphorus. This idea was confirmed by ex-

perimental evidence, and thus additional information regarding
the nature of the ammonia-soluble phosphorus was obtained.

Two samples of 10 grams each of the soil under consideration

were extracted -for 24 hours with 100. c.c of 12 percent cold hydro-
chloric acid, and then filtered and washed with hot water until the

filtrate was free from chlorids. One of the samples was then ex-

tracted with 4 percent ammonia for 36 hours in the usual way and
the amount of ammonia-soluble phosphorus determined : the sec-

ond sample was again extracted with 12 percent cold hydrochloric
acid for 36 hours and the amount of soluble phosphorus deter-

mined. Both experiments were duplicated. The dilute ammonia
extracted 540 and 570 pounds of phosphorus, or an average of

555 pounds of phosphorus per two million pounds of soil which
had previously been extracted with cold 12 percent hydrochloric

acid, while a second extraction with cold 12 percent hydrochloric
acid yielded only 94 and 96 pounds, or an average of 95 pounds of

phosphorus per two million pounds of soil.

It would seem reasonable to suppose that both extractions of

the soil with cold 12 percent hydrochloric acid removed some or-

ganic phosphorus since Berthelot and Andre (31) have demon-
strated that organic matter of the soil is somewhat soluble in this

reagent.
It would also seem very unreasonable to suppose that dilute

ammonia possessed as great a solvent power for inorganic phos-

phorus as does 12 percent cold hydrochloric acid. But assuming,
for the sake of argument, that only inorganic phosphorus is ex-

tracted by the hydrochloric acid and that dilute ammonia has as

great a solvent power for inorganic phosphorus as the hydrochloric

acid, the above experiments seem to demonstrate that at least

460 pounds of phosphorus (555-95) of the ammonia-soluble phos-

phorus has been derived from organic sources and that at least

83 percent of the ammonia-soluble phosphorus has been derived

from organic sources.
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(c) ORGANIC PHOSPHORUS BY SCHMOEGER's METHOD

The second method for determining the organic phosphorus is

the one proposed by Schmoeger. Eggert, Nilson, Tacke and others

have shown that simple ignition increased the solubility of the

phosphorus in cold hydrochloric acid. The increased solubility of

the phosphorus was believed to be due to the destruction of the

organic phosphorus compounds. Therefore the amount of phos-

phorus in the original soil soluble in cold hydrochloric acid, sub-

tracted from the amount in the ignited soil soluble in cold hydro-
chloric acid of the same strength, was regarded as having been

derived from the organic phosphorus compounds. This assumption
was confirmed by Schmoeger by hydrolyzing the soil under pres-
sure at a temperature of i4O-i6oC. This treatment of the

soil decomposed the organic phosphorus compounds so that the

organic phosphorus was rendered soluble in cold hydrochloric acid.

The difference, therefore, between the amount of phosphorus ex-

tracted from the original soil by cold hydrochloric acid and the

amount extracted from the soil which had been hydrolized gave the

amount of organic phosphorus. Schmoeger found that, as a rule,

concordant results were obtained by the two methods altho in cer-

tain-cases slightly higher results were obtained by the latter method.
It was decided to determine the organic phosphorus by both of

the above methods. Thus, 10 grams of the original soil was
treated with 100 c.c. of 12 percent hydrochloric acid and digested
in the cold with an occasional shaking for 24 hours. A second

sample of 10 grams was ignited and then extracted with 12 percent
cold hydrochloric acid in a similar manner. At the end of 24 hours

the extract was diluted with water and separated by filtration. The
residue was washed with cold water until the filtrate was free from
chlorides : the filtrate was then made up to 500 c.c. and 100 c.c.

used for the phosphorus determination. The results recorded in

Table 24 show that there are 271 pounds of phosphorus in the

original soil soluble in 12 percent cold hydrochloric acid, while

there are 814 pounds in the ignited soil soluble in the same reagent.
These results show, therefore, that there are 543 pounds of organic

phosphorus in two million pounds of the surface soil.

Another sample of 10 grams of the soil was treated with acidu-

lated water and heated in an autoclave for 12 hours at a tempera-
ture of I4O-I45C. The sample was then digested for 24 hours

with cold hydrochloric acid, filtered and the filtrate made up to

500 c.c. An average of two determinations show that 878 pounds
of phosphorus were obtained. This would indicate that there were

607 pounds of organic phosphorus in two million pounds of the

surface soil. Slightly higher results for organic phosphorus are thus
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obtained by the autoclave method they are but it is probably more

nearly correct since it is difficult to conceive how the treatment in

the autoclave would render any inorganic phosphorus soluble which
would not be rendered soluble by ignition, while the work of Leav-
itt and LeClerc (81, 82) would indicate that ignition might render

some of the organic phosphorus insoluble in cold hydrochloric acid

of any strength.
The calculation method shows that 423 pounds of phosphorus

per two million of the surface soil are in organic combination :

the ammoniacal extraction method shows 504 pounds of organic

phosphorus and the ignition method shows 543 pounds, while

TABLE 24. PHOSPHORUS SOLUBLE IN TWELVE PERCENT HYDROCHLORIC ACID:

RESULTS EXPRESSED AS POUNDS IN Two MILLION POUNDS OF SOIL

Number
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CONCLUSIONS

1. The phosphortts-nitrog-en ratio in the surface soil of the
brown silt loam soils is i 113.5 while the same ratio in the black

clay loam soils is i 111.4.

2. Under normal conditions the nitrogen-carbon ratio of the

soil has a tendency to become narrower as the age of the organic
material increases : the ratio, however, never becomes narrower or

even equal to the ratio of the more common proteins contained in

the humus producing materials.

3. The nitrogen-carbon ratios of the ordinary brown silt loam
soils of Illinois are 1:12.1, 1:11.5 and 1:8.9 m the surface, sub-

surface, and subsoil respectively.
The ratios in the black clay loam soils are i : 1-1.7, i :n9 and

I :Q in the surface, subsurface, and subsoil respectively.

4. The phosphorus-carbon ratio in the surface soil of the

brown silt loam is i :i65-2 while the ratio in the surface soil of the

black clay loam soils is i :i63.6.

5. The calculation method for determining organic phos-

phorus is very conservative in character and can be relied upon in

drawing broad general conclusions.

6. The evaporation on the water bath of the ammoniacal solu-

tion in the preparation of the matiere noire in quantity for analy-

sis, causes a hydrolysis of the organic phosphorus compounds.

7. The determination of the phosphorus associated with the

precipitated matiere noire is not a quantitative method for the de-

termination of the total organic phosphorus of the soil. It should

be regarded only as a good qualitative evidence of the existence of

organic phosphorus in the soil.

8. The contention of Fraps that "There is no evidence that

the phosphoric acid in the filtrate is in organic combination" and

that "It is probably derived from the iron and aluminium phos-

phates" is entirely untenable.
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NOTE

Robert Stewart was born in American Fork, Utah, August 16,

1877. He secured his common school education in the public
schools of Utah. In the fall of 1896 he entered the preparatory

department of the Agricultural College of Utah. He graduated
from this institution in June, 1902, with the degree of Bachelor of

Science. He immediately received an appointment as assistant

chemist in the Utah Experiment Station. While holding this posi-

tion, during the years 1902-03, 1903-04, he took graduate stu-

dent work in the college. During the school year 1904-05 he was
a member of the Graduate School of the University of Chicago,
where he studied chemistry under the direction of Doctor Nef. In

1905 he was appointed assistant professor of chemistry in the Utah

college and while holding this position, during' the years 1905-06,

1906-07, 1907-08, he continued his graduate student work. Dur-

ing the summer of 1906 he was a member of the Graduate School
of Agriculture held at the University of Illinois. In June, 1908,
he was appointed professor of chemistry in the Utah college and

was granted a leave of absence to carry on graduate work at the

University of Illinois.

He is the senior author of Bulletin 103, "Milling Qualities of

Utah Wheat," and Bulletin 106, "A Study of the Influence of Irri-

gation Waters upon the Movement and Production of Nitrates in

the Soil," which has been accepted for publication by the Utah Ex-

periment Station.

During the school year 1908-09 he held a fellowship in agron-

omy in the University of Illinois. He is a member of the Illinois

chapter of Sigma Xi and also a charter member of the Illinois

chapter of the American Society of Agronomy.
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