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The purpose of this discussion is twofold: first, to
review the present status of knowledge concerning soil humus
and its properties, and second, to set forth the results of
certain investigations into those properties.,

Of all the terms that have ever been used in agricul-
tural literature, no term has been used so glibly and so
effectively to cover a great mass of ignorance ag has the
term "humus." 1In order to be more definite the present dis=-
cussion will be limited largely to the portion of the or=-
ganic content of the soil, constituting the black, waxy
coating of the soil grains, It must be recognized, however,
that we have in our ordinary agricultural soils types of
organic matter which are either entirely undecomposed, or
have not reached that stage of decomposition called humus,

It is interesting to nqte the attempts that have been
made to define or describe humus, Waringtonl says: "Humus
is a2 mixture of many ill defined bodies; it may be roughly
divided into humic acids and humin." Storer? says: "Iittle
is known as yet as to the chemical composition of humus,"

S

Hilgard™ speaks of humus as a "complex mixture of dark-tinted

substances resulting from the decay of vegeteble substances,"
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éwarington: Chemistry of the Farm, p.36.
Storer: Agriculture, Vol,II, p.187,.

®Hilgard:Soils, Chap.II, p.21.
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W Hall1 voices the same opinion in stating, "the chemical
composition of humus is indefinite; it is a variable mixture
of several substances, themselves of very complex con-
stitution.,"

Artificial humus bodies have been prepared from cellu-
lose and other carbohydrates by boiling with acids or alka-
lies. The dark tinted amorphous bodies thus obtained, however,
differ fundamentally from soil-humus in that they do not
contain nitrogen, and are also lacking in the inorganic
constituents uniformly found in so0il humus; such as cal=-
cium, iron, magnesium, potash, and phosphorus. One inves-
tigator, Udranskyz, has succeeded in obtaining a nitrogen-
cus8 humus body by boiling glucose and urea in hydrochleric
acid, The humic bodies obtained by Udransky are not anal-
agous to soil humus since their nitrogen was derived from the
simple substance, urea, while the source and nature of
humic nitrogen has been shown by Suzukisto be protein bodies,

The scientist, whose name is invariably associated with
a study of humus, is that of the Frenchman, Grandeau4.
Grandeau early recognized that certain processes were at work
in the soil converting a portion of the organic matter an-

nually returned to the soil into the black, waxy substance

%A.D.Hall: The Soil, Chap. II, p. 42,

Udransky: Zeitschrift fur physiol. Chemie, Bd.XII, p.42,



gso familiar to all., This question, therefore, naturally
arises: "What are, and what have been the agents producing
humus?® A full discussion of this question would lead us

into the whole wide realm of soil biology, and hence can
only be briefly dwelt upon here.

Some s0il bacteriologists would regard the process of
humification as being pre-cminently bacteriological. Winograd-
sky's pupil, Omelianski1 in his studies upon cellulcse fer-
mentation loocks upon the common methane fermentation (caused
by specific organisms) as very important in this process.

He bases his conclusions upon the general formulsa:

20sHy005= 5C0,+ 5CH, + 2C.

Vorhees and Lipman2

in their Review of So0il Bacterioclogy
quote him as follows: "It is possible that a reaction of this
sort forms the basis of the universal processes of humifi-
cation - that is, the gradual transformation of organic
substances into a mixture of brown and black substances with
a high carbon content, such as is characteristic of fossil
coals, But, whatever the mechanism of these transformations,
the active participation of micro organisms in the latter
cannot be denied.” Hilgard5 denles to bacteria any parti-

cipation in this process, asserting that the various higher
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1Omelianski: Centralblatt fur Bakteriologic, 2 abt., 8(1902)
2 P.193; 11(1904) p.369; 12(1904) p.33; 15(1906)p.673.
Vorhees & Lipman: A Review of Investigations in Soil Bac-

teriolo%ﬁ Bul, 194 Orfice of Expt. Sta., p.21.
3Hilgard: Thé Soil, CRap.VIII, p. 123.
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fungl and moulds are the principal agents. H:I.lgard1 bases
his argument upcn the discovery of a zone of mould growth
constantly occurring around decaying roots and leaves, The.
only general conclusions that can be drawn from the evi-
dence at hand is that humification is the process of decay
and transformstion of fresh organic material, brought about
by both chemical and biological agents, or combinations of
these forces.

Whatever the mechanism at work, the results of the pro-
cess are well known, and remarkably constant, namely an
elimination of the oxygen and hydrogen content of the origi-
nal organic substance and a concentration of the carbon and
nitrogen content; and probably a concentration of the ash
content, The nitrogen and ash content of humus are the ele-
ments of importance from an agricultural standpoint.

Carbon constitutes approximately sixty per cent of the
organic content of the scil, Although present in such com-
paratively large quantities in the soil, the nature of this
carbon content is little undergtood. The consensus of
opinion of the early writers was that the carbon existed in
the scil as an integral part of such substances as humic and
ulmic acids, crenic and apocrenic acids; humin and ulmin.
Mulder” in his "Chemie der Ackerkrume" thus describeg the
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lﬂilgard: The Soil, Chap. IX, p, 157.
2 Mulder: Chemie der Ackerkrume, Band II, p. 256.
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organic matter of the so0il, Attempts at analysis and isola-
tion of such bodies have lead modern investlgators tc the
conclugion that tlhere ig no good reason for assuming the ex-
istence of these indefinite organic compounds, with the
possible exception of humic acid.

Since humus is the product of the decomposition of veg-
etable matter, it was formerly supposed that a large part
of the humic nitrogen existed as ammoniacal and amino-
nitrogen, instead of protein nitrogen. The classical re-
searches of ShigehiroSuzuki1 of Japan have disproved this,
and have established the fact that humic nitrogen is princi-
pally protein in character, and that amino acids, as such,
exist in humus as mere traces. Suzuki® demonstrated the
existence of protein decomposition products by the applica~
tion of E. Pischer's method for the separation of the amino
acids, Suzuki's work must be criticised, however, on the
ground that his principal work was done on a humic acid "whose
origin and method of preparation were unknown?" From 500
gramg of "humic acid", probably originating from a peat soil,
Suzuki? obtained by hydrolytic cleavage with concentrated
hydrochloric acid the following decomposition products of
proteids: ‘

.t ————— —— - ] - - o - - — W ———————

|
S. Suzuki: Studies in Humus Formation III, Bul, Of College
of Agriculture, Tokyo Imperial University, Japan, Vol.VII,
o No. 4, p.528,
z1bld: pp. 511-529,
4Ibid: p. 516,
Ibid: p. 529,
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The principal inorganic elements of the s0il humus are
calcium, magnesium, potassium, iron, and phosphorus, The
potassium and phosphorus content of humus are of the most
interest from an agricultural point of view, Potassium
and phosphorus may possibly occupy either of two positions
in that organic body, humus, Potassium may be present as
a basic constituent and phosphoric acid as an acid constituent
of a complex organic compound, or both may oeccupy a position
gsimilar to that of potassium in ordinary potassium alcoho-
late. The nature and properties of potassium-humic com-

pounds, and phospho-humic compounds will very largely depend



upon their organic structure. Berthelot1

claims to have
produced a potassium humus compound which, although sub-
jected to repeated washings, still retained 3.7 to 6.2
per cent of insoluble potash,

J Dumontz, who prepared phospho-humic compounds by pre-
cipitating potassium and ammonium humates in the presence
of phosphates, claims that similar compounds are formed in
the soil,

The amount of phosphorus in combinaticn with the or-
ganic matter extracted from the soil by ammonia is compara-
tively small, Gr.-*3.,1?'r'a.pz;-,:5 of the Texas Experiment Station in
& study of the ammonia soluble phosphoric acid of the soil
found only one-third of the ammonia soluble phosphoric acid
in the organic precipitate as obtained in the usual Grandeaun
method for the study of humus, He4 further found that this
portion of the phosphoric acid was non-diffusible and there-
fore concludes that 1§ is in organic combination.

The agricultural value of the ash constituents of the
humus is a disputed question. Snyder'ssexperiments with
precipitated humic acid indicate that they are of conslderable

importance, An extensive study of the phospho-humic compounds
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1M Berthelot: On the insoluble alkaline compounds formed by
artificial humus compounds of organic origin - Ann,Chem.
o et Phys,.8ser,8(1906) ,May,pp.45-51, cited from U,S.Expt.Rec.
J.Dumont: The phospho-humic compounds of the soil - compt.
Rend.Acad,Sci, 143, 1906,No0.3,pp.186-189. Abstract in
Jour.of Chem,Soc.(London) 90, 1906,No0,.527,11,p.626.
G.S.Praps: The Ammonia Soluble Phosphoric Acid of the Soil,
4 mReprint from Am,Chem.Jour,,Vol39,No.5,May,1908,p.586.
-¥bid: p.586.,
Snyder. Humus as a Pactor of Soil Fertility, Ann.Rpt. of
Agr.Expt.Sta., for 1895,Univ. of Minn., pp.12-31.



will undoubtedly furnish much of value to the student of
soil problems,

Having set forth the importance of the constituents of
humus, methods for its estimation will now be considered.

Grandeaul

recognized that the o0ld method of estimating the
total carbon content of a soil was not a true index of the
humic content of the soil, since many soils contain large
amounts of unhumified material, Purthermore, it was found es-
sential for the study of humus that some means be found where-
by it could be studied more or less intact. Grandeau, there-
fore devised the following method for the separation of humus
from the so0il: A weighed quantity of soil was first washed with
two per cent hydrochloric acid until no further test for
calcium was obtained in the wash water. The soil was then
washed free from acid, and finally subjected to extraction
with ammonia, fresh portions of ammonia being added to the
80il until the filtrate obtained was no longer colored, The
treatment with acid presumeeg the presence in the soil of
calcium humate; thus:-

Ca humate + 2HC1l - CaCI2 4+ humic acid.

The humlc acid thus set free reacts with the ammonia

to form the soluble ammonia humate, The black extract thus

obtained was evaporated to dryness to expel water and am-

e e e e T e S . - - W S S e -~ -

L.Grandeau: Cited from Huston and Mcbride - A Modification

%ip%fag%ﬁff'%u¥?t28? §85.§§€ ngggmination of Humus, Indiana
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monia, the dry, shiny, waxy residue constituting Grandeau's

"matiére noire.," This method has proved cumbersome; hence
has been modified, but is still widely used in its various
modifications. The principal objections to the method are
the long time of qperation, the use of varying strengths
of ammonia, the placing of the soil in an open funnel, and the
contamination of the black matter with c¢lay. Huston and |
McBride® of Purdue University adopted the modification of
Grandeau's method which follows: After the usual acid
treatment and subsequent washing the soil is transferred to
a 500 cc. stoppered cylinder with 500 cc. of ammonia, the
cylinder being shaken at regular intervals for twenty-four
hours and then allowed to settle for twelve hours. They
studied the effect of different strengths of ammonia, and of
different times of digestion upon the percentage of humus
as obtained by this method and by Grandeau's method.,

The data which they accumulated is so striking that it
iz given below:-

Comparison of Grandeau's Original Method,and Huston
and McBride's Modification of the Same, for the Estima-
tion of Humus.2
IHuston and McBride: A Modification of Grandeau's Method for

the Determination of Humus, Purdue University, Agr.

2 Expt. Sta., Bul. No.46, Vol.IV of Rep'ts, pp.68-79,
Ibid: pp.68-79.
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TABTE I.

Soil extracted with two per cent hydrochloric acid -

five grams of soil used.

-
.

24 Ammonia : 47 Ammonia : 7,37 Ammonia

Gran-:huston Z:Gran-:Huston &:Gran-:huston &
deau : McBride:deau McBride:deau : McBride

Unproductive
Peat Soil

Clay Loam

0 .
L .

e e
oe o0

9.61: 15,74 :15,03 20,72 :19,81: 21.80

1.81: 4.28

2,44 4,27

26 86 90 0 %0 o

s 0% se 80 oo

B8 80 %0 00 s 9sl0s
e 4% 99 00 oo

2.14: 4,28

Soil extracted with five per cent hydrochleric acid -

Productive
Peat

Dark Clay
Loam

Clay

-

two and cne-half grams of soil used.

:15.78; 20.87 :19.02: 23.24 :20.05: 30,53
s 2,455 4,71t 5:07: . 4.Bd t 2.Y0: .. Y.bk
s .84: 2,05 : 1/04: 1.84 : 1.36: 3.24
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The following conclusions may be drawn from Huston and
McBride's tables:

1. That the original Grandeau method is very unsatis-

factory.

2, That the modified method is applicable to soils

not too high in organic matter,

3. That the use of either ammonia or any caustic
alkali is an inadequate means of estimating the
humus in soils having a high organic content, such
as peat, probably because these caustic alkalies
themselves act as humifying agents.

The writer performed an experiment to ascertain whether
the amount of humus was a stralght line function of the
strengths of ammonia used. Four samples of twenty-five
grams each of alr dry virgin clay loam soil were shaken
with 400 cc. of one per cent hydrochloric acid for one hour
in a mechanical shaker. The soils were then rinsed out into
Gooch crucibles and washed free from acid., These four sam-
ples were treated respectively with 500 cc., of four per
cent, two per cent, one per cent, and five-tenths per cent
ammonia for twenty-four hours (shaken at regular intervals)
and allowed to stand twelve hours. The black extract thus ob-
tained was decanted through a filter paper and finally filtered
through a Pasteur filter to remove the clay. In order to

make the four samples more comparable, the filtrate thus
obtained waz in each caae made up to 500 cc. and the humus
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determined by evaporating to dryness 100 cc. portions
the respective solutions, The results obtained are
tabulated below:-
TABIE II.
Effect of Strength of Ammonia.

—— - e S

Per cent ammonia, :  Weight humus, Per cent humus,

4 « 2095 1.23
2 . 3400 1.36
p I .2445 0,978
5 2525 1.010

29 06 06 44 50 0civs ee
8s 80 09 0o 00 o0l eae oo

B T S —— —— —— -

This data indicates that in this particular soil thée weight of
the humic extract was not a straight line function of the
strength of ammonia used. The filtration of the humic
extract through the porcelain filter is open to the objection
that the filter retains considerable slimy organic matter,
Other methode that are used for the estimation of
humus are similar to the Grandeau method, excepting that
they substitute sodium hydrate or potassium hydrate for
ammonia.
Aschman’ and Paber extract the soill with five per cent
s0dium hydrate, and finally determine the carbon in the
humic extract by oxidation with an excess of potassium per-

manganate, the excess of potassium permanganate being ti-

trated back with oxalic acid.

- A o W e W " o - - _—_ - - - - -

laschman & Paber: On the Estimation of Humug, Chem.Ztg., 23
1899, n0.7, p.6l.
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1 of Kentucky Experiment Station claim

Peter and Averitt
that the results obtained by the official method for humus
are toc high owing to contamination with clay and ferru-
ginous material., They, therefore, subtract ten per cent
of the weight of the residue after burning the humus. No
method has yet been devised that furnishes a complete sep-

aration of the humic bodies from the soil.

Properties of the Ammonia Extract.

o —— o ———

From the ammonia extract as usually prepared the min-
eral acids precipitate a flocculent brownish-black substance,
known as humic acid, The filtrate from this acid precipi-
tation is clear but colored, indicating the presence of
organic matter, According to Wollny2 and as confirmed by
others these humic acide are somewhat soluble in cold water,
quite soluble in boiling water, but are insoluble in water
acidulated with the mineral acids, These humic acids form
compounds with ammonia, potassium hydrate, and scdium hydrate
that are soluble in water, They combine with calcium, mag-
nesium, iron, and manganese t0 form humates.

C. G. Eggertz® found these humic acids to be almost

O G O G G B BN ST St v P G OV W G - G eV T SR G G G G G = G W W U SR G Gw Sw G G S Gt G G G G Gw v G G G oo G e o G

IPeter and Averitt:Kentucky Agr. Expt. Sta., Bul.No.126,

o Pp.l122-126,

zWollny: Die Zersetzung der Organischen Stoffe, pp.214-223,
C.G.Fggertz: Studien und Untersuchungen uber die Humysk8rper
der Acker und Moorerde: Bredamann"s Centralblatt fur Agri-
kulturchemie, pp.75=-80,
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entirely soluble in ammonium carbonate, ammonium oxalate,
ammonium phosgphate, potassium carbonate, and sodium car-
bonate, but insoluble in ammonium chloride, ammonium nitrate,
ammonium sulphate, and potassium phosphate. He further found
that in ammoniacal chloride of lime the humic acids form a
precipitate which is insoluble in water and the caustic
alkalies, but dissolves slightly in ammonium chloride, am-
menium nitrate, and ammonium sulphate. This calcium precipi-
tate dissolves in ammonium oxalate, ammonium carbonate, sodium
carbonate, potassium carbonate, and ammonium phosphate,
Detmer1 has found that humic acid dissolves less readi-
ly in solution of potassium nitrate, sgodium chloride, and po-
tassium chloride than in water. According to his determin-
ations, one part of humic acid is soluble in 8,335 parts of
water at 43° Pahrenheit, and in 3,571 parts at 65°Pahrenheit.
Gra.ndeau2 subjected the ammoniacal extract to dialysis
and found that in thirty-six hours, eighty-six per cent of
the ash content of the extract had dialyzed through the
membrane, but that no colored matters passed through, indi-
cating the colloidal nature of the humus. This experiment
has led some to the conclusion that plants can obtain the
inorganic constituents of the s0il humus in a very similar

B e g G S et S e ¢ G O G G W e Y e G Ber S G G0 WG G G W G M Ge G G G G G N G G e G e G S S G S S e o

IDetmer. Cited from Storer's Agriculture, Vol.II, p.215.
Grandeau. Cited from Storer's Agriculture, Vol,. II, p.201.
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manner,

In the course of this study certain properties of the
ammoniacal extract were observed, the extract uéed being a
composite sample from several soils., The precipitate ob-
tained by adding mineral acids was gelatinous, and either
ran througn the filter paper and asbestos, or clogged the
filter so that filtration was extremely slow. Because of
this difficulty in filtering-and washing the precipitate,
it was found necessary to precipitate the ammoniacal extract
in centrifuge tubes and then whirl the tubes at a speed
of about 1,400 revolutions per minute for ten to twenty
minutes. The humic acid was compacted in the bottom of the
centrifuge tube by this operation so that the clear super=-
natant liquid was easlly decanted through a Gooch filter,
Washing was accomplished by whirling the humic acid several
times with acidulated water. Complete neutralization of the
ammonia extract, without an excess of acid, gave a clearer
filtrate than when an excess of acid was used. Neutraliza-
tion with hydrochloric acid gave clearer filtrate than
when nitric acid was used. The solubility of the humic
acid in pure water 1s so great that it is necessary to main-
tain an acid reaction in the wash water used., The humic acid
thus obtained has the power of darkening filter paper to
a very marked degree, so much so that filter paper should

not be used in dealing with the substance,
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Ten cubic centimeter portions of an ammoniacal filtrate
were evaporated to dryness and treated with various organic
solvents to ascertain what effect such solvents might have,
Benzene, ethyl alcohol, ethyl acetate, amyl alcohol, and

amylene were tried, but none had any solvent action.

Effect of Organic Solvents upon the Organic

Matter of the Soils.

Recognizing that the usual methods for estimation and
separation of humus bodies involve the use of rather strong
reagents, a study was made of the effect of certain organic
solvents upon the soil directly.

This investigation aimed toc select solvents that would
have practically no effect upon the inorganic constituents
of the soil.

The s0il selected for study was & virgin soil corres-
ponding to Plot 9 of the Soils Department Grounds. This soil
is comparatively low in organic matter, containing 3.24 per
cent according to the chromic acid combustion method. The
sample was air dried and then passed through a twenty-mesh
eleve.

Experiment 1.- Twenty grams of this air dry so0il were

placed in a digestion flask fitted with ground glass re-
flux condenser, seventy-five cc. of benzene added, and

the whole digested for one hour on the water bath. The

soil mass was then filtered off, and the benzene filtrate
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evaporated to dryness. Only a trace of resinous material
was obtained. Since resins are amorphous bodies, one may
very properly suppose that they constitute a portion of the
amorphous humus bodies contained in the soil, According to
Holleman,l resins are often found as the result of secondary
reactionsin the decomposition of organiccompounds.

Experiment 2,- Ammonium alcoholate was prepared by sat-

urating absolute alcohol with dry ammonia gas. Twenty grams
of oven dry so0il were shaken with 100 cc. of this solution
several times during a period of twenty-four hours. The
s0il mass was then filtered off, and the filtrate evapor-

ated to dryness. There was abeolutelg_gp"yesidue obtained.

——— i o o o

Experiment 3.~ A continuous extraction apparatus was

set up, using the glass stoppered, reflux condenser flasks,
and a Schleicher and Schiill paper capsule, Two grams of
80il were placed in this capsule, and subjected to continu-
ous extraction for three hours each, with the following sol-
vents, in the order mentioned: ether, acetone, ethyl acetate,
amyl alcohol, and pyridine,

The dry weight of residues thus obtained are tabulated
below:-

O RS BEROT S v b h e s e e o WDGBD KRN,

50 cc, Acetone . . . " Tl B e o n

B0 co. BENYL RCOBALY & . 5 . o o 4w« w0088

26 cc, Amyl Alcohol ., . . . vow s e oL
50 cc, Pyridine (six hours extraction) .0049
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-
Holleman: Walker Text-book of Organic Chemistry, p.69.
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.0204 - 2 = ,0102 grams, or one per cent of the weight of the
soil, |
Since the soil contains & little over three per cent
of organic matter (chromic acid method), it may be assumed
that these organic sclvents have extracted about one-third
of the organic matter of this particuler soil.

Experiment 4.- Two grams of soil were treated with

three grams diphenylamine and 25 cc of ninety-five per cent

alcohol to ascertain whether or not such an organic base
would extract any dark colored bodies, such as ammonia ex-
tracts. There was no evidence of any extraction by this

method,
The experiments with organic solvents have lead to the

following general conclusions:i-

1. That the humic bodies in the soil are entirely too

inert to be attacked by substances that are golvents

only.
2. That much of the materisl extracted by the organic

solvents may have been extracted from unhumified

material.

Comparison of Sodium Hydrate and Ammonia

as Sg}venpp for Soil Humus.

Since sodium hydrate is considerably used in the ex-
traction of humus from the soil, 2 series of experiments

were planned in which the amounts of humic acid extracted
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by ammonia and sodium hydrate, with and without previcus acid
treatment, were to be studied. Owing to the lack of time,
some of the experiments planned were not completed., The
method of extraction was as follows: Twenty-five grams of
air dry soil were placed in a flask, fitted with a reflux
condenser, Two hundred fifty cc. of sodium hydrate of the
desired strength were added to the soil. The whole mass
was then digested for three.hours at the temperature of the
boiling water bath., The flame was then removed and the
supernatant liquid in the flask allowed to settle twelve
hours, whereupon it was filtered through a paper filter in
the case of two per cent sodium hydrate, and through a
dried Gooch filter in the case of four pef cent sodium hy-
drate, Since sodium hydrate does not exert a defloculating
effect upon the clay, an extract was obtained, which was
free from clay. Twenty-five cc. of this extract was placed
in a centrifuge tube, diluted with twenty cc. of water,
neutralized with hydrochloric acid, and the precipitate
whirled down and washed as heretofore described. These pre-
cipitates were dried at 110° and then weighed, and their
weight compared with the weight of the humic acid obtained
from the ammoniacal extract.

The method used for obtaining the four per cent am-

moniacal extract was the same as detailed heretofore, with

the exception that the extract was not made up to volume
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after filtration through the Pasteur filter. The so0il was
given the usual one per cent acid treatment previocus to
extraction with ammonia, The humic acid was separated by
precipitation with hydrochloric acid. The results obtained
are expressed below:-

Average weight of humic acid from four per
cent sodium hydrate extract without acid
BPORBEENS o & & 4 s e e s s v on s e s e R BN
Average weight of humic acid from four per
cent sodium hydrate extract with one per
OONE QLA CTORTMONE . . v o 4 e e v .0219 .
Average weight of humic acid from four per
cent ammonia extract with one per cent
o R R G G P G .0086 "
Average weight of humic acid from two per
cent sodium hydrate with one per cent
ROS0 DPRRBEANE | ik s e hie e s e e 0209 *
These results indicate that in this soil, a clay loam
containing 3.24 per cent organic matter, over twice as much
organic matter is extracted by two and four per cent sodium
hydrate as is extracted by four per cent ammonia.
Charles Rimbach,1 of the Agricultural Experiment
Station of the University of California has obtained the

e e e e e e e e e

Rimbach: Investigations on the Determination and composi-
tion of Humus, and its Nitrification, Rpt.Agr.Expt.Sta.,
Univ. of California, 1898-1901, Part 1,pp.43-48,
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following data relative to the comparative extractive power

of sodium hydrate and ammonia:-

——— A e e P ey
. .

- :tWt.of humic :Organic matter
: tacid precipita-: in the humic
:ted by hydro- acid.

: chloric acid :

———— . - . .- - ———— A ————— - - .- ——

Ammonia extract,

@ e 00 00 Q4 00 BF 4 ee o

Peat Soil. 200 cc. : 0.1127 H 0.1120
Sodium hydrate : :

extract, 200 cc: 0.1495 S 0.1490
¢Ammonia extract, : :

Adobe Soil: 300 cc. : 0.0299 : 0.0233
:Sodium hydrate H :

: extract, 300 cc.: 0.0103 : 0.0077

—— - — el o

The peat soil contained 19,12 per cent of humus, the adobe
g0il 1.20 per cent humus, It will be noticed that the sod-
ium hydrate extracts more organic matter from the peat than
does the ammonia, but that the reverse holds true in case
of the adobe so0il, Other experiments by Rimbach demonstrate
very forcibly that more nitrogen is extracted from the soil
by sodium hydrate than by ammonia. He considers that the
question whether or not ammonia or sodium hydrate is the
best solvent to be used in the study of humus, iz an un-
g0lved problem,

It must be borne in mind that sodium hydrate itself
acts as a humifying agent. This is clearly shown by a

microscopical examination of the s0il residues after treat-
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ment with the respective alkalies. The undecomposed sticks,
roots, and portions of leaves in the soil are more attacked
by sodium hydrate than by ammonia, It was further found
that if a soil was treated with one per cent hydrochloric
acid before extraction with sodium hydrate, that the soil
grains were left much cleaner than where the soil was not
given the previous acid treatment.

In the study of humus the problem of the proper sol-
vent is probably the hardest one confronting the soil
chemist. In this study many pertinent questions have a-
risen whose ultimate sgolution will probably aid in the
gtudy of the humus problem, PFor that reason it has seemed
best to conclude this discussion with a presentation of the
following questions:-

1, What is the quantitative relation of the organic
content of the acid filtrate to the organic con-
tent of the black precipitate in the acid precipi-
tation of the ammoniacal soil extract?

2, Does the filtrate and the flocculent precipitate

contain the same kind of organic matter?

3. What is the ratio of the ash content of the fil-
trate to the ash content of the precipitate?

4, Is the ash of the unhumified material in the soil
of more value to agricultural plants than that

represented by humic ash?
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5., Does extraction by sodium hydrate with or without
previous acid treatment or by ammonia with previous
acid treatment, give the best results from an

agricultural point of view?
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