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INTRODUCTION

The importance of ors anic matter in the soil has been recognized
since the earliest soil investigations, and an enormous litereture has
acoumulated. At different periods emphasis bas been placed upon
different phases of the subject. A few years ago the isolation and
identifiestion of organic compounds occurring in the soil was exten-
gively studied. Schreiner and Shorey (34),! of the Bureau of Chem-
istry and Soils, made important contributions slong this line, Inm
all those studies the organic material was extracted from the soil by
alkalies, whick involves the probability of drastic altewation of its
properties, and also leaves a material fraction of it in the soil residue,
or it was extracted by the use of solvents selected for the express
purpose of obtaining fractions of special types of organic matter.

Very little special study has been made of the properties of organis
colloids as such. Information concerning the organic portion of the
soil colloid is, therefore, either indirect or was obtained by the study
of materials more or less drasticelly altered by treatment. This
situation is doubtless owing iv the fact that the soil organic and in-
organic colloidal materials occur in very intimate relation to ome
another. When soils are subjected to treatment designed to dis-
perse and isolate the colloids, both the organic aid the inorganic

L Ttalie nambers in parentheses rafer to lterature olted, 9. 30
175018°—33——=1
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porfions disperse together. To the present time no adequate freat-
ment, Has been devised which is effective in bringing about & patis-
factory ssparation, whether brsed upon relative specific gravity or
dispersibility of the materis].
he findings presented in parts of this bulletin resulted in part
from the belief of the writers that some progress in the study of
- organic soil ¢olloids might be made if colloids of the type of those
. ovenrring in the soil cou%rl be secureg and their properties determined,
and then, by adding them to inorganic colloids of known properties,
" the mutual effects could be ascertained. As the work progressed
portions of organic matter from different soils were separated in
wvarious ways and these fractions added to the group studied.?

.No attempt is being made at this time specifically to define organic
soil, colloids. For the purposes of this Gulletin, however, the term
colloid is used to describe material which mey be dispersed and sepa-
rated by the use of the supercentrifuge in the same manner as the
totel colloidal material (Z4). In addition to this there are included
materisls rendered more or less soluble by different reagents gnd
subsequently coagulated.

- Interest in the study of organic soil colloids has arisen from various

- w:awpoints. Importent among these are the argillohumic complexes
fornred by Aarpio {f) by precipitating iron and aluminum salts with
humic material; isoelectric precipitates recently studied by Mattson
(20, 21) in which iron and aluminum salts were precipitated by humic
acid; the argillochumic complexes prepared by Demolon and Barbier
(1) by coagulating rotted straw with clay &t varying pH values, and
the various studies by Waksman and associates (36, 37).

CHARACTER OF ORGANIC COLLOIDS FROM VARIOUS SOIL-MAKING
_ MATERIALS

The desired colloids were secured from various sources. Wheat
straw, well rotted under natural conditions and never in contact with
soil during the process of decomposition, was sscured from Pennsyl-
venis, A similar sample of berley straw snd one of clover hay were
obtained from Iowa. A sample of deep lesf mold, mainly birch, weas
gecured from New Hampshire, and e rotted osk log from Virginia.
N. R. Smith, of the Division of Soil Microbiology, prepared s consider-
eble guantity of & common soil organism, Pseudomonas fluorescens,
and Charles Thom, of the seme division, kindly prepared & quantity
of & common soil fungus, Alternaria sp. Both of these organisms
were grown in medis containing no colloidal material, and no water
insoluble salts were added. In addition work was done with meterisl
from a Leon soil hardpan of Florids and two peat samples from
Oregon, and with extracts from soils containing considerable organic
matter, the fractions of which were probably considerably sltered in
properties by the extraction.

"llile colloids were all extracted in the usual manner employed in this
Bureau: dispersion in water and centrifuging. The celloids were
separated from the suspensions by Pasteur-Chamberland filters as a
vigcous mass and used in this condition or air-dried, according to the
Tequirements of the experiments.

" 3 Bomna of the data given in the Arat pret of this bullstin were presantad st the twelfth pomie] mesting of

the Amerlcan Sotl Survey Assoclation, Novamber 1931, &7 7 & siinmary of this report was printed {0 the
proceedings of that mw%& ! por T
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 The samples of ‘bacteria and of fungus were prepared differently
Irorm th» othery, since they did not consist, of m_a;t,eria}) of colloidal size. -
The water cultures of bacteria were passed through a small high-speed
centrifuge at & very slow rate of flow. The small amount of solid
material passing through was discarded while the residue in the bowl
was transferrisd fo an electrodialyzer and freed from diffusible ions.
The fungus residue was thoroughly washed by decantation and
dispersed es completely as possible with a Bouyoucos agitator. The
suspension was then electrodialyzed. '

t is well known that the pH values of electrodialyzed inorganic
s0il colloids vary with the concentration of solid material, the clear
saturated solutions of these slightly soluble acids being of nuch lower
hydrogen-ion concentration than the suspensions containing the solid
msaterialy The pH values of elestrodialyzed organic colloids were
obtained with e bubbling hydrogen electrode, using e viscous water
suspension, thai is, about 1 part of eolloid to 3 parts of water. Where
elear supernetent solutions were obtainable, they were determined
also. The results are given in table 1. Included in this tzEle also
are the ash eontents of the electrodialyzed colloids.

TaBLE 1-—Hydrogen-isn co@zcentmﬁonl?q‘c} ash content of electrodialyzed organtc
collotids

Viscons | Olear

D { g ear Bouree of cotlold material | snlution

Boures of collold matcrial | solution

pH P P sH
3. 3 3.0 Aldernorizsp N

Leon solf hardpan____|

Taat

Beckat 50i] extract t__|

Marsball soil extract

. 2
Clover hay.._. R .1
Barley straw__ N
Wheat straw__.._.___| 4

3.7 ]

! Tivsa soils were treated with Dilglercent NH.OH, the extruct fitered, precipltated with HC), agaln
fltered, and the procipitsts elaatr Fzad.

The colloids obtained from materials not in contact with soil had
ash contents ranging from 3.0 percent for leaf mold to 18.1 percent
for the barley straw. The lowest ash content was shown y the
bacterial residue. The ash contents undoubtedly affect the results
of this study but at least they are not soil inorganic colloid. It is
recognized, of course, that ash constituents are present in plant
maferials to the extent of several percent. In certain cases, partic-
ularly the straws and hay, the inorganic material apparently tends to
concentrate in the more readily dispersible material. The colloid
of the Leon ssnd, on the other hand, contained much more organic
matter than the soil, which consists essentially of quartz sand cemented
by organic material.

The hydrogen-ion concentration of the electrodialyzed materials
varied from pH 2.3 for the Marshall soil extract to 3.7 for the bacteria.
The acidity of these colloids was, therefore, of the same order as that
of the electrodiglyzed soil colloids recently reported 'bg Anderson
and Byers (4). hgost of the clear solutions were more acid than those
from inorganic soil colloids. This is taken as sn indication that the
acids of organic soil colloids are more soluble than the inorgenic ones,

+
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The organic colloids were subjected. to snalytical examination
- essentially as described by Feustel and Byers (13) in their stidy of
peat profiles. Analytical data sre given in table 2.

TABLE 2.—Prosimate chemical composition of eolloids from various electrodialyzed
materials .

g
2g

i
Callo-
Kind of colicid Fywn,

g

]
g

Percent
5052 | Wheat straw. 0.99
Harley straw
Dlover hey..

dR

e
[~

o,
Leon sofl hardpan.
=] i ¥ fluprescens

=

:ﬁﬁerméia &,
Feat

en
23

o s
88

Thie presence of ether, slcohol, and water-soluble components is
shown, and the two latter particularly are relatively high, the water-
soluble material ranging from 1.57 percent for the peat colloid to
12.27 percent for that from wheat straw. Both cellulose and hemi-
celluloge are present in significant amounts in most of the colloids,
but are ehsent in the material of bacterisl origin. The largest single
component is the ligno-humic complex which ranges from 14.5 per-
cent in the bacterial residues te 52.2 percent in the leaf mold. 'Chere
are present in all the colloids varying quantities of nitrogenous mate-
risl which was not determined, This may be assumed to be par-
ticularly large in the bacterial residue. There were present also
significant quantities of material of a chitinous character.

BEHAYIOR OF ORGANIC COLLOIDS

Various other propetties of the organic colloids were determined.
Some of these determinations were made on the freshly dispersed and
concentrated material and others on the materials after electrodial-
ysis. One of the important properties of both organic and norganic
soil colloids is their capacity to neutralize or sbsord bases. In the
case of morganic soil colloids, varying base-holding values may be
obtained, depending upen the congitions of the experiment. In the

resent investigation a comparison is made of this behavior by two
Eiﬁarent methods, electrometric titration with sodium hydroxide and
determination of the ammonium-absorption capacity. Three essen-
tielly inorganic soil colloids were also treated in the same manner.
In each case the colloids were electrodislyzed as a preliminary
treatmznt.

The colloidal materials, without previous drying, were transferred
to & vessel for electrometric titration and sodium-hydroxide solution
added slowly over a period of 48 hours, care being taken to prevent
pH values from rising higher than 7.5 at any time. Approximate
equilibrivm was then obtained at IEH 7.0%0.2. The values obtained
for several colloids are given in table 3. In this table also are given
the quantities of ammionie taken up by the colloids from 0.5 normal
ammonium hydroxide and held after iyi.ng on a steam bath. The
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» ‘d_gm'a ‘present was determined by distillation with magnesium
- oxide. - o : . o .

Trere 3~—Comparison of NaOH required to neutralize electrodialyzed collpids und
their ammonia-holding capacily

NalOH re- )
quired to | NH; bold by
Zoitree of collold- neutraiize I gram of
. 1 gram, of collaid

collpld

Millieguiva- | Mitleguiiz-
. lents lenis

Leaf mold. . 0. 967
Clover hay_._. . - L1
Turley straw,___ 457
Paruid o flucrescena ) LTIT
Abtemaris ap ]
Benket soil & Riirg
Muarshall soll ¥ . 288
Clover bey -7
Barley straw ? L7123
Ceoil soil. + L
Ceell soil, HyOr-treated 057
Fallon soll, Ha(Qxtreated . 580

U R O B e
CREEEREREI2NR

Thaese soils were treated with & percent NH(OH, the extract filtered, precipitated with HC), agalli
Bltered, and the precipitate alectrodialyzed. -
t The watet exirsct was acidified with HC! and the preclpitats electyodialyzed.

The acidic character of the v.rious organic colloids is very pro-
nounced. In each case the equivalents of ammonia held exceed the
amount of sodium hydroxide required for neutralization. There is
considerable evidence that ammonia tends to form relatively stable
selts with the colloidal organic acids, as well as with the inorganic
alumino-gilicic acids, The latter has been pointed out by Kelley and
Brown (16) and by Puri (30). The ratio of ammonia equivalents to
thuze of sodium varies from about 1.1 for Fallon soil colloid to 8.4 for

-an alkali extract of the organic portion of Becket soil. There is no
regularity for this ratio within the different classes of materials. The
diﬁ‘;rﬂnces in these two sets of values would seem to reflect the influ-
ence of two or more factors. In the first place, the 0.5 normal am-
monium hydroxide added in considerable exeess would produce a pH
value much above neutrality and thus make possible reaction with
secondary or tertiary acid hydrogen or other groups replaceable by
bases, which are not reactive at nentrality. In the second place, there
is the possibility of some ammonia being held mechanically.

The base-holdinz capacity of inost of the organic colloids is more
pronounced than that of inorganic colloids. All of them except the
barley-straw colloid and the fungus materiel react with more base
than does the Fellon colloid. The Fallon colloid, being of high silica-
sesquioxide ratio (6), is itself capable of holding more %ase than most
inorganic colloids and is several fold more efféctive than the Cecil
colleid, even when the organic matter of the latter is not removed.
The Cecil colloid is of low silica-sesquioxide ratio (3). ‘

The organic materials which were prepared from the water extracts
of organic colloids and from the alkali extracis of soils high in organic
matter hold exceptionally large amounts of bages. The fact that such
large quantities of ammonia sre retained, presumably as ammonium
saits, when the suspensions are evaporated to dryness, also indicstes
& congiderable a.{:icfJ gtrength, This indication is more relizble than
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the pH values because of the question of solubility invelved in the
latter case. Since the colloids of highest basge-holding capsacity are
‘obtained by water extraction and by ammonis extraction, it <eems
evident that organic compounds of this type are subject to more
repid leaching from seils than those less marked in this respect.

_ On the agsumption that the ammonium salis remaining after evapo-
ration to dryness are neutral salts, the data of table 3 indicate a smaller
equivalent weight for the organiz colloid acids than for the electro-
diglyzed inorganic colloids. It is interesting to make comperison of
the equivalent weights of the organic colloids from the date obtained

-with the theoretical values for certain organic acids reported in various
soils. For instance, uronic acid {35) with a molecular weight of 194
and monobasic, should show 5.1 base milliequivalents per gram, and
hydroxystearic {34) acid 8.4 milliequivslents. No data have been
obtained which either definitely establish or preclude the presence of
these acids, but the presence of such materia}l)s is entirely compatible
with the results. Furthetmore, lignin which is preseut (table 2)- has
been shown to possess considerable base-exchange capacity (6, 9).
Flax lignin prepared by the Phillips (27) method showed an ammonia-
holding capacity of 0.916 milliequivalents per gram. The high
values of base-exchange capacity can therefore not be due to lignin
alone, unless other lignins ere of much greater base-holding capactty.
The equivalent weight of this compound is uncertain, but it 1s clear
from the dats vhat organic scids other than lignin and of higher
equivalent weight than uronie acid or hydroxystearic acid are present.

The base capacities of the organic colloida are easily duplieated
when made on any particular sample of material with only a short
interval of time between determinations. Scme evidence is at hand,
however, which indicates that different preparations of colloid from a
sample of decomposing material may vary widely in character. This
sccounts for the somewhat divergent values shown for some of the
colloids in later experiments. This is in contrast with most inorganie
soil colloids, of which duplicate &grepamtions and preparations which
have stood for a long time usually show relatively little difference in
moszt of their properties. '

The water-abgorption capacity of soil colloids over 30 percent
sulphuric ecid has been shown to be a very useful property in dis-
tinguishing differences in their character. Such determinetions have
been made on a number of organic colloidal materiala. The results
are given in tabls 4.

TsBLE 4.—dbsorplion of water vapor over 3¢ percent HaS80; by various colloida

Hy HiD
Boures of collold . Bouree of collold sbsorbed

. Fereent
Leaf mold ! ’ Beckat soil artrants 2 | 22,88
Clgver bay 1_. X Marshali s0ll extragt L #
Dot _ X Clover-hay sxtract ¥___
Berley straw L . Berlay-atraw extract i
D2 - Leon,soﬁ hardpan 2

Whoat straw ¢ ! nat, -
Preud A — 3 Fallon aoil, HyOrtraated L ae.u e .}
Ailernarin ap, ! . Caeil sofl, HyCp-treated |

| Electrotistyzad material,

1 Frosh collold, .

I Thogs materisls wers treated with 5 percont NWH(OH, the axtract 8itered, precibitated with HCL, again
Bltered, aad the precipltete slectrodintyead.
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~The. water-absorption values ranged from 10.65 percent for the

bacterid:to 27.43 percent for the furgus. Debasing by electrodialysis

resulted in-u significant reduction i water-absorbing power amounbing

% about 30 percent in cases whers the original material was of hig

base-content. The absorption was of shout the game magnitude as
. that of s0il eolloids, wisk pronounced colloidal properties, suck as that
~ front the Fallon soil.” A few ran higher than any of the inorganie soil
colloids which have been wtudied (14).

The heats of wetting of organic colloids elone. are not essily deter-
mined in many cases, on account of the fact that in powder form they
are usually net readily wetted by water. Determinations were made
however, of the heats of wetting of organic eolloids mixed with Ceci
soil colloid, the organie matter content of which was about .4 percent.
. The mixing was done by thorough agitation of the suspensions in large

volumes of water slightly alkabine %1 m the deflocculent, used in the
preparation of the Cecil. The results are given in table 5.

Tarve 5.Heals of welting of Cecil colloid mized with various erganic cofloids?

Hont of |, Culeu- Heatof |, C30%,
wettlng wetling fof cattin
Der gram Kind of zollold or mixture |per pram r an'E
of mate- of mate- g?olFrep.lc

rlul rict [ O rE

Eind of calloid or mixturo

Chlories Colorick
Cecll alone__ 4.5 Ceeil, $1.9 percent 9.3
Cecil, B1.0 percent 7.3 Lacn (hardpan), 8.1 percent .| *

Barley straw, 8.1 percent * . Ceeil, 82.4 pereent. ____ .| 6.0
Cecil, 85.0 parcent [ B.6 Bagteria, 8.8 percent.__ - il
EBarley stravw, 150 percent.... . . Ceell, 0.9 percent ... 137
Cecdl, 87.9 percont - 0.3 , Funfu .

Clover bay, 12.1 percent . . Ceetl, v 4
Ceoel, 85.0 parcent 8.2 Peat, 6.3 norcent. ... .

Wheat straw, 15.6 Dercent. ... . . Ceell, 3.4 paroent 1.0
Ceell, 91,0 percant 6.7 Peat, 16.8 percent....._...._.] '
Eeaf mold, 9.¢ percent. ... .

i Organle collold {reshly dispersod mixed with slightly alkalloe Ceell colold.

(7.3X100) — (91.0X4.5)
8.1

: Examplo of caleulstion =39.1 enlories.

¥ Not all wotted by weter; some floated on the surfuce,

The addition of from 7 to 17 percent of undislyzed organic colloid
Increased the heat of wetting ofp Cecil colloid from its original value
of 4.5 calories a gram to velues ranging from 7.3 to 11 calories. When
celculption is made of the heat increase due to each gram of organie
colloid added, these values amount to from 22 to 63 calories.?

These values sre in some cases higher than might be expected,
even for substances of pronounced colloidal properties. Howerver,
most of the values are not greatly different from those caleulated from
date. obtained by indirect methods, involving the use of hydrogen
peroxide for the removal of or%anic matter from soil colloids of rela-
tively high organic content. In one set of data such values ranged
from 19 to 47 calories per gram of organic colloid destroyed (4).

The data at hand are insufficient to show whether or not organic
colloids are capable of produéing the high velues indicated, or whether
the mixing brings about a certain change in the character of gel forma-

! The date glven In tabls 5 and the subsequently caleulated values are subjcct o somewhat grester nag-

curacy than mgst of the dats.  The argania contents wers astimated from dlfferences {n losg onignition, and
o pliowande I3 mado for the infuence of tha ash-formicg pertlon of the colloids,
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tion making possible s higher hest of wetting than is shown by the
sum of the components alone. It séems highly improbable that
chemieal reaction would take place to any considerable degrea between
- materials in the condition these were at the time of mixing, although
reaction is hj.%bly probable under other conditions. The goil colloid
was moderately alkaline, about pH 8, from the ammonia added for its
dispersion, and the organic matter was of varying pH values as it oe-
curred in the different natural materials, The chemical reactions
between organic colloids and inorganic soil colloids will be subsequently
considered 1n defail. _

BELATION OF SOIL-MAKING ORGANIC RESIDUES TO SOIL COLLOIDS

The data as a whole show that colloidal materials extracted from
various rotted organic residues, as well as the remains of bacteria
and fungus bodies, possess colloidal properties similar in charicter
to materials extracted from the soil and to the properties of the organic
portion of soils determined indirectly. The data obtained offer no
sssurance that the particular compounds in the materials studied are
present, or are not present, in any considerable quantity in most
soils. Tt is clear, however, that they are materials similar in much
of their behavior to a part of the organic portion which is being added
to soils by natural processes. The water-holding ecapacity of the
fungus is probably greater than that of most organic soil colloids,
whiia its acidic character or base-holding power is somewhat less,
The water absorption by baecterial cells is a little below that of most
of the other organic materials studied, while its acidic qualities are
much higher than the fungus and nearly in line with those of rotted
plant residues. It shoult% be noted that the fungus and bacterial
residues are fresh cellular material for the most part and probably
do not correspond to their residues as finally left in soil colloids.
The data at hand, taken all together, make it easily comprehensible
why the properties of soils, particularly vhose of low colloidal property
velues, may be greatly altered by the presence of smell amounts of
organic mabtter. '

PROPERTIES OF ORGANIC COLLOIDS IN MIXTURES

Little of a definite nature is known of the influence which organie
colloids have upon inorganic colloids when mixtures are made in
varying proportions, or when organic colloids are mixed with inorganic
material not wholly eclicidal, - Some evidence leads to the inference
that the part contributed by orgamic colloids in mixtures may, in
certain cases at least, be much out of proportion to that which would
result if the properties of the ingredients were simply additive. Thare
is, of course, the possibility that the gel character of the material
may be altered without a chemical change more significant than

ossibly a change in the state of hydration, Nevertheless it is well
own that a change in gel character may result in wide differences
in certain colloidal properties, such as water absorption or water-
holding power, and in some indirect manner may influence other
properties, usually considered to be essentially chemical, such as base
exchange,

In two recent investigations Powers (28, 29) found an increase in

base-exchange capacity of organic colleid as o result of mixing it
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with sand grains and with soil colloid. The absgorption value per
gram. of organic colloid increased with a decrease in the percentage
of colloid present in the cases where quartz sand was used. When
soil colloids were used maximum values were reached with 20 to 40
percent of organic colloid present.

There is no rational -basis for assuming any kind of interaction
between organic colloid and quartz sand grains. The presumption is,
therefore, that the change in state of aggregation resulting from a

distribution over sand grains made it more reactive with the barium

chloride solution used in these experiments. There is, of course, also
the possibility that an increase in the rate at which the washing could
be carried out might alter the quantity of cations left with the colioidal
organic acid after the excess of electrolyte was removed. There is
therefore an element of doubt as to whether or not the determinations
are strictly comparable. Several papers by Demolon and associates
(11, 12) show some form of “fixation” of humus and other organic
substances by clay. The type of interaction involved is not clear, but
thel presumption is that chemical forces were involved to some extent
at least.

Humic acid, or more strictly speaking, the various acids of this
type which are soluble in alkalies and precipitated by acids, have
been prepared and studied by many investigators over a long period.
In some cases these acids have probably been used in a form approxi-
mating true solutions of their salts. In other cases essentially col-
loidal material in the form of the very slightly soluble acids has been
employcd. One would expeect differences in the behavior of soluble
salts of humic acid, -the more distinctly acid form of humus in
colloidal form, and the other colloidal organic matter not usually
classified s humic acid. This seems in general to be the cage.

Kawamura (15) treated humic acid from peat and from cane suger
with bases and found that the samples behaved similarly; 1 gram of
the humus took up about 3 equivalent millimols of bese. Both
forms of humic acid absorbed sluminum from aluminum echloride
and almost no chlorine. The aluminum remainei in the complex
after washing free from chlorine and showed exchange acidity. The
composition of the material was such as to suggest the formation of
aluminum trihumate.

In this study of the colloidal character of orgrnic colloids, which
have some relationship to soil organic matter, certain mixtures have
been investigated. Some of the same determinations were made as
were used in the study of organic colloids alone, particularly the
determinations of whater vapor absorption and the ebsorption of
ammonin. Preliminary results showed fairly good agreement of
duplicates in most cases, but the results were ervatic when one mix-
ture was compared with another. A few determinations of base-
exchenpe capacity va the use of the barium chloride method were
made, %ut these results are not included. The duplicates were poor,
presumably due to the difficulty of comparable washing when the
colloids of the mixtures varied in porosity and permeability. No
attempt was made to solve the difficulties of this determination since
essentlally the same type of information could be obtained by the
emmonia absorption determination as previously described; a gate.r—
minetion which appears to be beset by less fundemental difficulties,

178018°—85—2
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WATER-YAPOE ABSORPTION BY COLLOID MIXTURES

In the study of water-vapor absorption by the mixtures of organic
colloid with quartz flour or with inorganic soil colloid, samples of
well-dispersed colloid were used and the mixing done.by shaking. or
by agitation in a Buoyoucos sgitator. 'The materials were then
dried, pulverized, and the water-vapor absorpton determined in the
usual manner. A preliminary set of results are given in table 6.

TaniLE 6.—Absorplion of water vapor over 80 gercent Hy80, by various colloids and
miztures of the colloids with other subsfances

Caleu- | . Calcu-
ll_?ted oh {;!ted
absorp- aunga | absorp-
Kind of materiall %‘g: tlon of | resulting| tlon of
ahserbed | Tisture | from | orgenie
il un- mixing | collold

changed in
mixture

Leaf mold FPereent | Pereent | Pereenmt

o

Clover hay.

Barloy straw ¥
o,

nartz flonr.

soll

Quartr flour, 97.5 percent.
le,eal’ mnéd, 2.%3 p?rmnt
tz flonr, $3.7 percent

Leaf mold, 6.3 percent
guartr. flovr, $7.3 p reent

Hover hoy, 2.7 paresn
gu,artz, flogr, #1.6 percent. . L35

lover hay, 5.4 percont *
Fallon 5o 18. 1%

‘allon solt, 8.4 percent 1.74
Fallon soll, 6.1 parcent. . 16,47
o Tef g b
Fallon sofl, 88.8 percen _
Leaf mold, 11,2 percant 1434 8. 8
Cecll sof}, p0.4 percent 5.2 0
Barley stmw, #.8 percent, ¥ 3 )

Cecll 5012, 95.1 percant an oy
Barley sttaw, 4.9 percent % . X
Cecll s0il, 85.2 percont, ] Lo —a8
Barloy straw, 14.8 percent . 2
Cocll soil, 85.2 percent, 634
Barley straw, 14.8 percent. 8

—7.4

-7.8

1 Tha materials listed In this columnb are all eollelds excapt the quattz four, a eonsiderable part of which
waa of calloldal dimensions,

? Not electrodinlyzed.

1 None,

The results in table 6 are of value in pointing out general relation-
ships in spite of the fact that they are very inconsistent from a quan-
titative standpoint. Duplicate sbhsorption determinations were run
on each mixture prepared, and these were in fairly good agreement
but sometimes not so good as when single substances are used. This
does not mean, however, that a second preparation with the same
quantities involved would necessarily agree as closely. Two signifi-
cent facts stand out. (1) Crganic colloid mixed with quartz flour
results, in every case, in an increase in water absorption over that
calculated for the constituents tzken alone, and (2) organic colloid
shows a reduction in water absorption as & result of mixing with a
Boil colloid; that is, the absorption of the mixture is less than the sum
of the constituents taken alone. The variations are not consistent
in either case; in fact, it would be surprising if they were ccasistent
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in all cases for the distribution of the colloid throughout the mass
could hardly be uniform even when the seme quantities are present,.
A significant factor in this connection may be the condition of the.
electrodialyzed acid colloids. These were in reality somewhat coagu-
lated even though they stayed in sunspension for several hours after

itation. It seemns highly probable in the case of quariz four and
colloid that the porosity of tae quartz aided in the accessibility of the
water to the colloid. This explanation applies also to a sample of the
highly sbsorbing Fallon soil colloid, which behaved in quartz simi-
larly to the organic colloide. Furthermors, when soil colloid was
added to organic colloid, the reduced absorption was probably duein
part to poorer accessibility of water to the organic colloid and in part
to some form of chemical action between the crganic acid and the
soil colloid, whereby a gel of somewhat different character was

formed.
AMMONIA ARSORPTION BY COLLGID MIXTURES

The ammonin-absorption determinations made in the first section
of this bulletin were carried out with only ordinary care as to the con-
ditions of drying. Numerous determinations of organic colloids and
of soil colloids alohe showed that ing on a steam bath for 1 to 5
hours or heating at 75° to 80° C. had but little effect upon the quan-
tity of ammonia held. The results shown in table 7 indicate from
their irregularity that much more care must be taken in regulating
the conditions of drying in the case of certain mixtures,

TaBLe 7.—Ammonia absorbed by vartous colloids alone and tn miztures

Cealcuinted
" Alteration
Ammonta a‘;bg?rp:l;}un "}jgf_”rgé‘:n ofcombined

Eind of colloid absorbed § (5 BEIE | T Bl | canstitu-
per gram ! EARIE 1 ants result-

of matarial | 1T constitu- ¢ colleid cal ine from

entsremsin| culeted mginn
unchanged £

Afil. Milli- Mith-
o N aqufac{!:?lt? eguinalents | equivofrnts | Pereent
over he .
L'aafmnldY 1. 800
Fallon soil 563
Cecllsoil J183
Dol L 104
Quartz foned. .. {1
Hacteria 1.388
Fallon 80il, 44.4 percent
Ceell soil, 55.6 percent. -872
Fallon sell, 80,0 percent. . 154
Cecll Boil,} 11.0 petesnt. .
Failon soil, 88.5 percent... 708
Leat mold, 11.2 parcent. . '
Fallo soLf, 00} percent. 779
‘Clover hay, 0.5 parcent. M
Ceell soil, 93.8 percant 243
Leal mold, 6.2 percont .
gu.artr. four, 97.2 porcent 024
lover hay, 2.7 percent. *
partz fonr, 91,6 paresnt
Tover bay, 8.4 percent.
Quarts Bour, 97.5 percent.
Leal mold, 2.5 percent
Quartz [lour, 83.7 percent. .-
Eeaf mold, 6.3 percent
Bacteria, 3.8 parcent
Cacll suﬁ,l 96.2 pareant.
Bacterla, 7.0 percent
Cend] solj,l 93.0 parcant
Bacteris, 10.5 percent
eoll goil,| 80.5 parcent.

t Tieated with HyOq befare siectrodinlysis. 1 Very fine mntoriel hut only parily colicfdal.
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Although the ammonia reaction may be assun.éd to be more defi-
nitely chemical in character than the absor¥ﬁ0n of water vapor, it
appears to be affected by some of the same facters, namely, state of
aggregation and the exposurs of its surfaces in a variable manner.
These factors may be responsible for much of the variation. There
seems to bs no resson for assuming a reaction of any kind between
quartz flour and acid colloid which would significently diminish the
acid character of the latter. )

In view of the results given in fable 7 and of other data which will
be shown in a later table, it seemed highly desirable to learn whether
or not, by very rigid adherence to comparable conditions, more con-
sistent results could be obtained. A freshly electrodialyzed and homog-
enized semple of the rotted oak-wood colloid was measured out in
10 em?® portions from e pipette having a large tip. The organic
colloid thus messured was added to varying quantities of very fine
quartz flour in portions of 5, 10, and 15 grams per sample. The
samples were thoroughly stirred and each treated with about 20 cm?
of 0.5 normal ammonium hydroxide in 100 cm®, then allowed to evapo-
rate very slowly on a steam bath. After dryness was reached a second
portion of ammonis was added. - As soon es the samples became dry
they were removed from the steam bath snd placed in an oven at
75° C. for 5 hours. Distiilation with magnesium oxide was then
carried out in the usual manner. The results are shown in table 8.

TABLE S—Influence of sample and presence of quartz flour upon the absorption of
emmenia by rolted wood collotd

Organfe | AT Eﬁéﬁ?ﬁ??gg
Constituents collold  j 8bsarbed gram
present § DY E’(ﬂ?ih Hotante
@ calloid

Percent Grams M- Milii-
. equiratents | eguivalents | Percent
0. ;g; 0. 495 1.16

. 1.054 1.28

57 ; 1,263 1. 549 1.20
.1 percent organic collold o

g?’is percent qQuartz ﬂ?}”!d - 431 R 1.03
.1 percent organic colio;

5. perce:;t quarltz ﬂ?Iurm 431 438 1.02
.0 parcant organle colio

2.1 porumg quurtiz ﬂo%r - 43 . 438 1.02

14.7 perceni organic collol

85.3 percent quortz Sour -8562 -81y 1.08

20.6 percent organte colloid Lis

79.5 percent guarts Heur -

1 is evident from the data presented that variations due to size of
semple within the limits investigated are but little more than might
sometimes be obtained by duplicates in this type of base-exchange
reactions. However, there is & tendency toward lower results wit
small samples and moderately lower results when any quartz is present.
When relatively large quantities of quartz flour were present the am-
_ monia sbsorption was reduced by approximately 10 percent. The
samples of mixtures used in this set of determinations were much
larger than those used in the other experiments. Samples of 0.7 gram
to 4.0 grams each of colloids, de eﬁ.ging upon the absorbing power,
were found to be satisfactory in the earlier experiments with soil and
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organic colloids slone. .. It is ‘evident, however, that in certain cases
closely-similar simple size is necessary for the duplicate results. .
It is difficult to evaluate definitely the different factors which may
-have un influence upon ammonis-absorption values in such mixtures.
‘BEven-though there may bé & difference in the surface exposed as a
result of mixing a colloid with an inert substance, it is still not clear
whether the lower ammonia values result from greater desiceation or
from decomposition of the dry compound, independent of the water
content. - . : : :

- From the results thus fer presented there is no basis upon whick to
decide whether the alteration in ammonia shsorption in the soil col-
loid-orgenic colloid mixtures ia due fo causes similar in nature to those
operative with quartz flour, or whether & more or less definite chemical
reaction had taken place between the sesquioxides of the soil colloid
and the colloidal organic acid whereby the absorbing power of the
latter was lowered. The fact that the Cecil colloid doubtless con-
tains more or less fres sesquioxides and the possibility of a resction
between the acid organic matter and one or both of thess oxides is
entirely compatible with the results. It seemed desirable, thersfors,
to study this possibilify in greater detail.

HYDRATED OXIGES AND ACID ORGANIC COLLOIDS

Various investigations have pointed to the probability of some
degree of chemical interaction between sesquioxides and soil organic
matter: Experiments which have heretofore been made on this
subject have concerned for the most part studies of coagulated mix-
tures of organic matter with sesquioxides in varying proportions.
Coagulation of mixtures of colloids does not of course necessarily
imply any extenstve chemical interaction but may be the neutraliza-
tioi? .(:if the opposite charges which served to stabilize the separste
coLio1ds,

The studies of Aarnio (/) showed that ferric hydroxide * sols mixed
in varying proportions with organic matter sols from different peats
brought about complete flocculation over considerable range of com
position. Although the results varied widely, depending upon the
conditions of the experiments, certain generalizations may be made.
An average taken from & number of Aarnio’s results showed precipita-
tion beginning when theproportions of Fe,0; to organic sol was 1 : 1.65
by weight and endihg when the ratic was 1:0.47. A single experi-
ment using alumine instead of iron showed s ratio of 1 part ALO; to
30 parts of organic sol at the beginning of precipitation and & ratio
of 1:1 when precipitation ended. Tt is evident that, as a yule, much
more organic sol is required to precipitate alumina than is required
for sols of ferric hydroxide bul that the range of proportions over
which precipitntion is complete is greuter in the eass of alumina.

The results of Matitson’s research (20, 27), while not directly com-
parsble with those of Aarmic, show in general that larger guantities
of organic matter are required to form s precipitate with aluminum
chloride than with ferric chloride, Furthermore, Mattson calls
attention to the possibility of flocculating mixtures of sesquioxides
with organic sols in any proportion, provided the proper pH velues
are attained by the aXthion of either acid or alIEa,li. Subsequent

b 'ldll;téia gr course recogrized that ferric hydroxide may ensily loso water and becorms farrle oxide more or leas
. bydrated. o
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" ..#p0rk by Mattson -(23) shows a. relationship -between: compasition,
=flocculation, snd pH value of mixtures. of sesquioxides, with proteins
Japd with‘humus. . 7 - . - Con
.. Tn order- to :test further the manner and. degree to which free
-~ gesquioxides would function if present in the colloid system containing
“organic matter, experiments were made, using highly purified alumina
‘and- hydrated oxides of both ferrous aud ferme iron and of silicic
_neid;  The alumina and the ferric hydroxide were prepared by
neutralizing solutions of the respective chlorides, washing by the use
-of Pasteur-Chamberland filters until the chloride contents were-low, -
then electrodialyzing to rémove sll but a minute trace of chloride. ~
These hydrates were then drawn through a Gooch ‘erucible to produce
. Wellfly;omogenized condition and this msaterisl, without previous
“-drying, was thoroughly mixed with the organic colloids and the
“smmonis-and water absorption determined (tables 8, 10, 11}, . .

Tabre 9.—Ammonia held by organic colloids, by Al(OH)s, and by mixtures

%ﬂmaited Calculated
e 18 on | 4 al

mgﬁf by mixture| absorption
i | s | S
ofeollold ¢ oppeun. | mixtare
¢hanged

Bonrce of eollold ard percentage of Al{OH); used

ait-

- et ks

ANOH)a O
Berley straw. . 1000
Oalk wood S Los8s
Barley strow, 10 poreant. )
Al{OH}s, 80 percant. _
Bariey straw, 10 percent
AL(OH): 4, 90 percent
‘Bnrley rtraw, 20 percant
Al{OH), 80 percent_
Barlagstrnw, M percent
Al{OH)3i2, 80 percent
Oak wood, 3.1 percant
Al{OH},, 81.9 percent N

o

Qak wood, 3.3 percent,
“AI(OH),, 96,7 percent. --

1 Nons, ¢ Duplicate preparation of A{OH)s. 1 Traga.

. 036

TapLe 10.—TF nftuence of the presence of ferric hydrozide upon the ammonia abéorp—
tion of electrodialyzed organdic colloids :

Am i . Ammanla; .
Laoss re- . 21 L0089 re-
;2:‘:;‘:&‘1 sutting | Percentsge of collold and of |BRFNEGY " Lipre

. per grsm
oforgeniy| fTom fetric hydrazide used Sforgauc nff:ﬂﬁg

Perceritage of collold znd of.
ferrie hydroxide used

| matter mattar

Milit- M-
. eqtiiva. yira-
. L Pereent o nts Pereent
Ferie hydroxide, 100 percant... . {| Pent, 19.5 percent._. i .
- Barlay straw, 100 parcon,, oy hydroxide, B0, . 32.5
'Barlay straw, 1D percant’ Peat, 10.5 percent.___
Ferri= hiydroxdidas, 80 percent__ N : F ydroxide, 89,1 pereant.
Barley atrew,t 10 percent ! wood i -
- Fearric hydrozlds, 00 percent... N i wood, 36.2 percant__. .
Humio acid,» 100 peroent 27 hydroxide, 83.8 percant.
Humic acd, 27.6 percent...... 9,59 Rotted wood, 18.8 parcent._ .
: - Ferrle hydrexids, 72.4 parcent., - Ferrit hydrozide, 8.2 percent.
Peast, 100 parcant.__ - 23 Rotted wood, 15 percant.
Paat, 40.4 pereant.. - 2,09 Farric hydrexids, 86 percant. .
Yerrie bydroxlda, 60.8 percent. " ‘ Rotied wood, 11.3 percent____
Past, Eu‘oa?armnt ) 1.79 Fertic hydroxide, 88.7 percent.
- ¥erxie hydroxide, 63.1 percant.. - .

- ANgne. = ) : )
. 1Thislaan aliquot of the above rample whigh atood for 8 months drying slowly befare addition of NHOH.
© - 3 Humic aeid was prepared [rom Trepary fine sandy loam soll bﬁ:gutionywith'NH;OH, evapars:tiun.
. and aubsequent elsctradlalysls.
., 4The determninctions with rotted wood and thoss with peat wers mads at one thne, each milxed and dried
- for the same perlod, and the membera of each set had jdenticel welghta of organio cotlold.
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- TaABLE 'll.h-rAbso::-ptipn of 1wnfer vapor cver 80 percent HyS0, by various eleciro-
' - dialyzed colloids elone and in miztures -

Caleulated | o~ - Calculated
Wetet |sb=srption resu.[tiﬁ; absorption
Kind of colloid or wixture of mixtare | *5 oo [ of o e .
hed §{un- mixing1 § Colold in
changed Inlxture &

Pereent | Percent | Pereent

Ferrlc hydroxide.
Ajpmira {no. 1)
Alomipa (ne. 23
Billca.

Barlyy straw.
Cecil sail

Fertic hydroxide, 00 percent;
Barley straw, 10 percent
Ferric hydroxide, 80 percent.
Barlay straw, 20 percent
Alumina B, 80 percent
Barley straw, 10 percent
Aluming B, 80 percant
Barley straw, 20 percent
Billea, 50 percent

Barley straw, 10 parcent
Silica, B0 pereent.
Barley straw, 20 percent.
Cecll soll, 90 porcent. —50
Barlay straw, 10 perceat -
Cecil soll, B0 percant. 504 —13.9
Barley straw, 20 percent I ' .

! Absorption by Inorganic collold i3 assumed eonstant. 1None.

Included in this study alse was & sample of silicic acid prepared
from sodium silicate a.ng hydrechloric acid and purified in a manner
similer to that used in the preparation of the hydroxides of ircn snd
of aluminum, exeopt that in the case of silica the material was dried
on & moderate steam bath once before purification was complete.
Removal of electrolytes from the highly Cgspersed silica was so slow
88 to meke it impracticel to complete purification of a considerable
quantity without drying,

Several problems arose in connection with the determination of the
ammonis absorbed by these materials. There is no difficulty in the
determination with alumina alone as an absorbent. Samples of dif-
ferent weights, dried in different ways, all showed zero or very small
values. In the case of ferric hydroxide difficulty in securing duplicate
results was encountered when the earlier procedure of drying was used
that is, o single drying on thesteam bath. The ferric hydroxide held
tenaciously to very significant quantities of ammonia, whether dried
on the steam bath, in the oven at 80° C., or in the oven at 105°. The
values for the iron compounds slone varied from zero to as much as
250 milliequivalents per gram. However, it was found that by drying
the substance for 5 hours at 75°, then agein moistening with am-
monia and repeating the drying process, the results were consistently
near zero. It is not clear whether ammonia was held by the water
‘content of the ferric hydroxide, whether an ammonium compound of
o fair degree of stability was formed, or whether some other form of
absorption was responsible for the behavior of the ferric hydroxide in
& manner very different from that of alumina,.

Silicic acid presents the same type of experimental difficulties as the
ferric hydroxide as regards the smmonis held, but no standard condi-
tions of drying have been found which will give satisfactory results




16 TECHNICAL BULLETIN 377, U.. DEPT. OF AGRICULTURE

with this materisl and st the same time not be too drastic for other
colloids which might be mixed with the silica. Determination of
ammonia sbsorption for silica alone varied from 0.024 to 0.206 milli-
equivslent, and the resulis were not relisble for any set of conditions.
. A preliminary experiment with silica and organic coiloid gave the same
type of erratic resulis, and no attempt was made to carry further a
study of the possible reaction between orgenic matter and colloidal
silica by ammonis absorption. The indications were that varying
degrees of dehydration gave forms of silicic acid varying in strength,
in accessibility to reaction, snd in stability of the smmonium salt.
The ammonia absorption by mixtures of alumina and organic matter
&re given in table 9 and mixtures of ferric hydroxide and organie
matter in fable 10.

From 65 percent to nearly the entire sammonia-ebsorbing power of
two kinds of organic matter wers destroyed by mixing with alumins
in varying proportions. This is not surprising in view of the fact that
an excess of hydroxyl ions are shown by the purified alumina. The
pH vslues-of this material vary but are ordinsrily found to lie within
the range 7.7 to 8.2, averaging ebout 8.1.

It is of course not possible on this basis to predict with any cer-
tainty the extent to which a colloidal acid would resct with a colloidal
base of this kind in view of the very low solubilities involved. Nor
is it possible to predict the manner or extent to which the surface of
either of these might be rendered insctive by one of them covering
the other. In line with this consideration the pH values of ferric
hydroxide suspensions determined here, and also those given by Matt-
son {20), range from sbout 6.8 to 7.2. In this respect they cannot
be regarded as furnishing any significant excess of hydrexyl jons.
The results are consistent with what might be expected from mixing
& neutral colloidal meterial with sn acid one; thet is, no significant
reduction of the ammonia-absorbing power of the orgenic colloid tock
place. A considerable number of determinations with organic matter
and ferric hydroxide were made which are not included here because
of the erratic results. However, it is felt that the last results obtained
{those when the conditions of drying and other procedure mentioned
on page 15 were closely followed) are sufficiently accurate to justify
the conclusion that there is very Little or no interaction between ferric
hydroxide and acid colloidsl organic matter and that comp~wnds, if
formed, are relatively unstable. It is perbaps not safe to ¢~ this
conclusion without some reservations, for it is frue thet in some cases
the drop in smmonia absorption resulting from mixing is distinctly

eater then when organic mixtures ere made with quartz flour,

owever, the porosity of the ferric hydroxide may be much greater and
this may be a factor in making the difference. It must be con-
sidered slso that the work of Burk and associates (8, 7) indicates the
presence of & compound formed between humic acid, spparently in
true solution, end the ferric ion when mixtures are made with ferric
pulphate in solution. Their solutions, however, were very acid.

A further link in the chain of evidence that ferric compounds of
colloidel humic acids, if formed, are very unstable was obtained Ly
electrometric titration of & sample of colloidal humic acid alone and a
duplicate sample mixed with ferric hydrate 2 days previous to the
sddition of sodium hydroxide. The humic acid nsed was the elec-
trodinlyzed fraction of meterial extracted by ammonium hydroxide
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from Trenary soil, & part of the sample described in table 14. The
humic acid alone gave a titration valuwe, at pH 7.0, of 0.99 milli-
equivalent of Na per gram of colloid. Equilibrium was reached in
less than 30 minutes and remained practically unchanged on stand-
ing over night. When the same weight of humic acid was usedin g
mixture containing 27.6 percent humic acid and 72.4 percent ferric
hydroxide, a pseudoequilibrium was reached at the end of an hour in the
slectrometric titration, at which time the NaOH used was 0.67 milli-
equivalent per gram of organic matter. The next day the pH value
had recedet}} to 5.6 and a total of 0.97 milliequivalent of NaOH was
necessary to attain a true permanent approximate equilibrivm at pH
7.0. In other words, the presence of ferric hydroxide had no permeanent
effect upon the titration value of the humic acid.

WATEE-YAPOR ABSORPTION BY SYNTHETIC GEL MIXTURES WiITH ORGANIC
COLLOIDS

The absorption of water vapor over 30 percent gulphuric acid was
determined upon samples from the mixtures used in the study of the
ammonia sabsorption shown above. The water-vapor absorption
results are given in table 11.

It is evident that water-vapor absorption is 2 very poor criterion of
chemical interaction in the case of crganic colloids and synthetic gels,
partly because the gels alone show such wide variation in absorption,
depending upon method of preparation and manner of drying. The
two samples of alumins whose water-vapor absorption is shown in
table 11 were prepared mn like manner except that sample no. 1 was
air-dried before electrodialysiz and had stood for several months,
while sample no. 2 was kept in a creamy condition until drying just
before the absorption determination was made. Other fractions of the
gilice preparation also showed considerable variation not given in the
table and the presumption is that ferric hydroxide would likewise vary.
The irregularities of this class of data are in line with the varying
physical characier which may occur where mixed gel materials are
coagulated together.

REACTIONS OF ORGANIC COLLOIDA WITH FERROTUS HYDROIIDE

Since alumins apparently reacted much more markedly with acid
colloidal organic matter than did ferric hydroxide, it seemed of
interest to determine whether or not the more soluble and stronger
base, ferrous hydroxide, would be even more reactive than alumina.
If so, this reaction would be of importance in interpreting certain
soil-development processes. '

Two independent pre%ara.tions of ferrous hydroxide were made by
the same procedure. Ferrous ammonium sulphate solution was

laced in the middle chamber of & Bradfield type clectradialysis cell,

his was kept in an atmosphere of hydroger while ammonia was
introduced to precipitate ferrous hydroxide and the smmonium
and sulphate ions were removed by electrodialysis. Several days
were required to purify this material. In the process a considerable
quantity of the iron was lost by passage through the cellophene
membranes. The exclusion of oxyﬁen was not perfect, hence a very
small amount of oxidation took place. In order to carty out the
absorption determination, a portion of the ferrous hydroxide was
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foreed over by hydrogen pressurs into_sn iron reduction flask contain-
ing a definite quantity of dispersed orgenic colloid. After thorough
mnnn‘gﬁ,I amrooniz was infroduced and & flow of hydrogen continued
until the flask reached constant weighi on a stear: bath. From this
weight the quantity of ferrous hydroxide introduced was ealeulated,
The contents of the flask were then distilled with magnesia in the
usval way.. The resulis contrasted so markedly with those of fernic
iron that an attermpt was made to seeif the mere process of oxidation
would ‘restore the ammonis-sbsorbing power of the. organic colloid
after the mixture with ferrousiron. Semples were therefors prepared
in the maunner previously described, but before distilling 200 cm® of
water were added and air bubbled through until the contents were
dried on the steam bath under conditions similar to those uged before
oxidation. The resualts are given in table 12,

TaBLE 12 ~—Ammesnie held by organic colloids, ferrous hydrozide, gnd by mizlures

Calen-
lated
o1 ghsorpe I

A A

Kind of colleid and percont- | absorbed ;’&‘:‘fé Kind of coliold sad percent- | absorbed
age of ferrous bydrexide assTIrm. egad of ferrous bydroxide por
used iny con- 50 ﬂgﬁf ing con-

stitnents stliuonts

tm-
changed

Afidli- jﬂfm- Miiﬂ‘{-
equing- equina- b2~
Tents ents | “Tents
Qak wood, 16.8 percent, after )

} . 338

oxidation
Ferrous hydroxide, 83.4 per. 0. 186

o cout, ofter oxidation.... ...

Barler straw, 13.1 percen CaX wood, 115
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The ammonia results strongly indicate o reaction between the
colloidal organic matter and %ermus hydroxide. This is not sur-
prising in view of the very appreciable solubility of ferrous hydroxide
- and its alkaline. reaction, No atiempt was made to determine
definitely the pH values of the ferrous hydroxide suspensions but

ualitetively they were distinctly more alkaline than those of either

uming or ferric hydroxide. It would seem .that the colloidal
organic acid reacted with the ferrous hydroxide to form & more or
less definite type of complex whose reaction approximated neutrality
or at least was not sufficiently acid to hold significant quantities of
emmonis until the proportions of or%&nic matter to ferrous hydroxide
became very large. On oxidation the ferric salt, containing a much
wenker bage than the ferrous one, was formed and, by hydrolysis,
thers was o strong tendency toward the formation of free ferric
hydroxide and the original type of colloidal organic acid. While the
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' ammonia resulta indicate this type of reaction, it must be kept in mind
.that it is hazdly safe to ascribe sil of the absorption after oxidation
a8 necessarily coming from the organie acid, for it is very difficult by
this procedure to be entirely certain that some pnrt of it might not
be from retention of the ammonie by the ferric hydroxide. However,
the magnitude of change leeves little doubt that ferrous salts of col-
loidal matter are ressopably stablé in & reducing atmosphere and
that the ferric sslts probably split and deposit iron in the form of
‘hydrated oxides. :

THE ROLE OF ORGANIC COLLGIDA IN SOIL-PROFILE FORMATION

_ The difference in the behavior of ferrous iron and that of the ferrie
form when in contact with acid orgsnic material appears to be an
important factor in the development of the podzol type of goil pro-
file. It may be assumed that in the hydrolysis of siicate minerals
containing ferrous iron, such as hornblende and many others, ferrous
hydroxide is produced. Under high humidity the decomposin

organic matter is debased to & very acid condition. The humic aci

thus formed reacts with the ferrous hydroxide, forming a compound
which is carried downward either in solution or in a high state of
dispersion by the percolating water. This salt, while being subjected
to continued oxidation during the process of its movement, encounters
less acid conditions ms it moves downward where the minerals are
less decomposed. The ferrous humate is then precipiteted, hydro-
lyzed, and oxidized to form primerily & mixture of ferric hydroxide
and humie acid characteristic of the B horizons of most podzol
profiles. As a rule the percentage of organic matter is relatively
high in the upper part of the B horizon, showing & tendency for &

art of the organic portion to be precipitated more essily than iron.

owever, it is well known that a part of the organic matter in various
types of soil profiles often escapes the preclpitatindg influences of
oxidation, filtration, and pH chalz%es, and is carried down to con-
siderable depths disseminating itself deep in the C horizon material
which is penetrated little or not at all by plant roots. .

Attention has been called previously to the econcentration of iron
oxide as compared to sluminum as a characteristic feature of the
podzolic process of soil development, the difference usually being
very pronounced in the t ical podzof profiles (8). The reaction of
alumina with the various humic acid complexes compared with the
action of iron compounds with these indicates the probable chemical
besis upon which these profile characteristics depend. While rather
abrupt changes in the character of the iron compounds take place
with oxidation, the slumina is not affected by this factor, changes in
alumina depending more upon changing pH values and the filtering
process through a medium of varymng porosity.

AMPHOTERIC CHARACTER OF SOIL ORGANIC MATTER

Tt is well known that soil orianic matter gives evidence of possessing
a strong buffer capacity. Changes in the pH values of a goil upon
additions of acid or alkali are usually much less pronounced whers a
considerable amount of rormal soil organic matter is present than
where the soil consists almost entirely of inorganic material (10, 17)
even though the inorgenic portion may itself be well buffered. This,
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of course, means that soil organic mattér reacts to some extent at
least Bs & base, &8s well a8 showing its predominating acid character.
. In the study (p. 9) of the organie colloids from soils and from soil-
making organic materials attention has been directed to their behavior
as wesk bases as well as their more familiar reactions s moderately
strong’' but only slightly soluble complex, acids. Studies of this kind
are ordinarily very much complicated by the presence of the soil
which is itself amphoteric, and its amphoteric character is known to
vary widely with the degree to which the original minerals have under-
gone hydrolytic changes (22, 2{}* Methods of separating organic
colloids from the inorgsnic matter with any considerable degree of
completeness without drastic treatment has not been satisfactorily
accomuplished. In the present studies fractions eomprising very sub-
stantial portions of the organic matter of certein soils have been
ﬂepa.ratem? in widely different manners, depending to a considerable
extent upon their smphoteric character, and these fractions studied
and compeared. _

In the study of the various organic colloids many observations of a
preliminary nature have contributed to the procedure of fractionation
finaily undertaken in detail. Some of these are detailed below.

In the process of dialysis of neutral or slkaline organic soils and of
decomposed organic residues a certain amount of the dark-colored
organic materiﬁ diffuses through such semipermeable membranes as
are ordinarily used. This of course gives no idea as to the chemical
character of the material except to indicate that a part of it has the
character of & sufficiently simple solution to pass through the mem-
brenes. When & colloid of this kind is placed between two semi-
permeable membranes and an electric current passed through, ss m
the process of electrodialysis, additional information is obtained. It
is well known that in certain stages, at least, of electrodialysis con-
siderable material of o dark color passes into the anode chamber,
together with other anions. The presumption is that this material
is very definitely scidic. In the cathode chamber there is very little
color, provided the colloid is neutral or alksline at the beginning.
Se‘\'rem{) tests showed, however, that measurably mdre carbon was
present in the cathode chamber when organic colloids were present
than when & current was passed through the membranes in the
absence of the organic colloid. Tests were made using both parch-
ment and parchment paper, each of which pave significant quantities
of carbonaceous material passing into each chamber from the mem-
branes alone. This work was done before the use of cellophane
membranes was adopted, :

ACID TREATMENT OF ORGANIC SOIL COLEOIDS

Altbough there was an indication of some organic materinl existing
in the form of diffusible cations, there was no evidence from the elec.
trodialysis experiments with unireated organic mutter to indieate
that the quantity involved was any significant part of the whole of
the orgenic matter,

The method of Reather (81) for the determination of soil oreanic
matter is based upon the decomposition und solution of the hydrous

$Byras, H, §. TEE CHEMICAL CONSTITUTION OF SOIL COLLOIOY. Armer. Soil Survey Assoe. Rpt. Ann
Meotlng 13, Bol. 14, p. 47-82, filng. [Mimeographod.]
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inoiganic matter by hydrofiucric and hydrochloric acids, each of &
strength of 0.5 percent, while the accompanying solution of organic
" matter was found in his experiments to be very smell. In the work
by Alexander snd Byers (2}, who used a 5 percent acid solution, the
_ loss of orgenic matter by solution was more merked. Nevertheless,
"% sesmed desirable to determine whether or not & fraction of organic
colleid Fact.ically free from inorganic material could be prepared by
removsal of inorganic célloid by this method. ' -‘

The colloidal materitls from the B frorizons of meny podzol soils
are of relatively high organic-matier content, therefore, 2 sample
from the B horizon of the Becket w.il seites was selected on which
to test the principle of Rather’s method fisr the purpose of preparing
a fraction of organic colloid relatively free from ash constituents.
An acid mixture wes used containing 2 percent H,¥: and 2 percent
HCL. A 140-gram sample of colloid was used which shewed an
initial loss on 1gnition of 30.7 percent. The solution turned black
immediately when the acids were added. After treating and de-
centing four times, the loss on ignition of the residue was 38.4 per-
cent. After 9 washings, the last 3 of which were digested on a steam
bath, there was 4 residue of only about 10 grams. Approximately 2
grams had been previcusly removed for intermediate tests. The
loss on ignition of the final residue was 82.2 percent.

Wabash =oil colloid, a subsample of the material described in =
former publication (33) was treated onmce with about 100 times its
weight of the acid mixture described above. The residue showed a
loss on ignition of 63 percent compared with about 12 percent for the
untreated material.

These %reliminary qualitative experiments indicate a very consider-

able solubility of the colloidally dispersed organic meaterials. They
show that in the case of the podzol soil, in particular, the solution of
organic matter in acids is too great to make practicel the removal of
the inorganic portion by the procedure used. There is indication,
however, that strong acids, such as hydrochloric acid, in moderste
concentration are capable of dissolving very considerable quantities
of organic colloids, presumably in the form of chlorides of complex
organic catiors. S

HEIDROCHLORIC AQTD EXTRACT

In order to test further the acid solubility of soil organic matter,
Becket so0il wus extracted with 2 percent hydrockloric acid and the
extract dialyzed between cellophane membranes for several days with
frequent removal of the dialysates. In a short time a precipitate
was formed which inereased in qiantity as the acid concentration was
reduced. Tinally the pertly dialyzed material was subjected to
electrodialysis. A dark-colored dialysate sppeered very quickly in
the cathode chamber of the dialyzer while one of lesser color appeared
in the anode. As the process continued the color of cathode dialy-
sates became less intense and those at the anode became colored
more nearly as those from untreated meaterials. When freed from
chlorine ions the electrodialyzed material was subjected to chemical
iaxs.m'nation, together with other samples which will be described
ater,
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BULFEUROYE AUID NXTRACT .

Most of the strong mineral acids, while dissolving large quantities
of orgenic matter, sre nonvolatile except when highly concentrated.
It i3, therefors, necessary to remove the excess of acid by dialysis in
which case large gquentities of organie material dialyze through the
membranes. order partly to overcoms these difficulties extraction
was made with saturated solutions of sulphur dioxide, which forms a
fairly strong acid readily decomposed by heat without concentration
st any time. When sulphur dioxide was bubbled into a suspension
‘of the Becket soil the solution turned dark in a short time. The
clear extract, after filiration, gave a copious brown precipitate on
boiling. - This precipitate, after electrodialysis, had an ash content
of from 15 to 25 percent, varying considerably with the time and
extont of extraction. The amount of material remowvable in this
nanner is very considerable, It seemed desirable, therefore, fo
prepare fractions by solution in this reagent and compare the com-
position and properties of such fractions with fractions extracted in a
conventional manner by ammonia. Fractions were prepared in like
manner from different soils in order to see what indication could be
found of similarities and differences in the character of organic matter
in different soils.

FRACTIONATION OF BOIL ORGANIC MATTER

On the basis of information obtained from the preliminary experi-
ments four fractions of organic matter were extracted from each of
three soils. Details of the procedure follow: Sarples of 500 or 750
grams each of soil were extracted with a total of about 8 to 10 liters
of saturated sulphur-dioxide solution, allowing each liter portion to
stand in contact with the soil several hours. The trestment used did
not remove all of the organic matter extractable by the reagent, but
the extraction reached a point where the amount removed was small
and the inorganic matter was dissolved at & much greater rate com-
pared to the organic then at first. Further extraction would have
perved to progressively incresse the ash content of the fraction. After
each extraction the liquid was filtered through Pasteur-Chamberland
filters and the clear scﬁ.utcion evaporated by boiling o about one third
the original volume. 'The precipitate which formed was slowed to
gettle several hours after cooling. The clear supernatent liquid was
then decanted and the residue further se}i‘arated from the mother
liquor by washing in a bottle centrifuge. The sludge recovered was
then electrodialyzed several days.

The soil residue after the sulphur-dioxide treatment was washed
several times with small quantities of water and the washings included
with the material deseribed above. The soil residue was then ex-
tracted with 2 percent emmonia, and the extraction continued until
8 to 10 liters of clear filtrate were obtained. The washings were very
dark at first, but the color was greatly diminished at the end of the
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wasbiiig. 'Thers is no definite end point to such washing. However,
very little residue was obtained from the avaporation of the last
portions of the leachings, - The whole of this filtrate was eveporated
to dryness before being subjected to electrodialysis.

A second seb of extractions wes made In the same manner as the
firat except in reverse order; that is, extraction was made first with 2
percent ammonia followed by sulphurous acid. The filtrates were
4reated as described above,

The three soils used in this investigation included the B; horizon of
the Becket loam from Massachusetts. This is a typical podzol
having no hardpan but a large accumulation of organic matter mn this.
](?)rer. This profile was described in detail in & previous publication

-The Trenary fine sandy loam from Alger County, Mich., is also a
typical podzol. The B horizon which was used formed an indurated
hardpan. Complete cliemical data for this profile have not yet been
published by this division.

The other sample was the surface horizon of Carrington logm from
Buchanan County, Towa. This is & typical prairie soil.

CHEMICAL CHARACTER OF EXTRACTED MATERIALS

Some of the fractions were small and only a limited number of
chemical determinations could be made with the material available.
However, so far as possible, the following determinstions were
made: Hydrogen-ion concentration, ash, ammonia absorption,
totel carbon, sulphur, and nitrogen, and, in two cases, hydrogen was
also defermined.

‘The carbon content of the soil residuss, after the various extrac-
tions, are given in table 13, and the chemical data for the various
extracts in table 14,

Tasre 13.—Carbon content of soils and sofl residues

Carbon
content off
soll axd
residua

Pereent
2.81
.00

i ]

ntreatad. ..
Extiacted with NHOH im]g

Becket loam, Br horl- | Extracted with 80, followed by NH{DH.
£o0. Extracted with NHOH followed by S0,
Extracted with 80 anly
Untrested .
Eztracted with NXOH only
Carrington  loam, A |{Extroeted with 30; (ollowed by NH.OH

horizon. Extracted with NEOH lollowed by B0 vcammee e
Exttacted with 8Dz only._ ...

ntreatad....
[;I'xtrmbad with NH{OH qul

si8s
P

vl d e it

Extracted with 80h follo=
Extraated with NH«OH fellawed by BOa»
Extracted with 8Os gnly..

Trenary fine  sandy
loam, B horizon.

)
BREB! BERE
WO Ll IO

1 Calrolations ere not carrected for tha small change [n sample weight due to the part removed by
axtrastion.
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TABLE 14.—Organic fractions exiracted from soils by SO. and by NHOH

Part} ab-
of
WOIO)

Extracted with NH«OH only. ...
Extracted with §0s after NELOH.
Beckat loam, P: { Extracted with EQs onl
horizon. Extrasted with NH.OH after 80i_
Exwracted with HCI
Carrington g:mg
Joam, & hot- 1 Extracted with 80: onl
| s i AR
xirac: wit [} only
Tronery 250 || Extrested with 804 after NHOH
B hotzon ™ || Extracted with BO: onl
- || Extreeted with NEHOH aiter S0

RUTRENI

SESERNBEBRSER

.
o
BEBRH

tAnalyses by Joseph R. Spies, Insecticlde Division, Burean of Chemistry and Soils,

Large quantities of organic matter were extracted from each soil
by sulphur-dioxide solution and by ammonia. The behavior of the
two classes of soils was distinctly different with respect to the two
solvents. ‘Taking the reduction of carban content of the soil residuses
as a measure of the amount of organic matter removed, interesting
comparisons may be made.

In the case of the podzol soils about the same amount of organic
matter was extracted by sulphur dioxide as by ammonia, about 60
percent of the tota! in sach case. The organic matter of the Carring-
ton soil reacted toward the solvents in a very different manger.
Ammonie alone removed only about 12 percent of the carbon, while
sulphur dioxide alone took ouf over 30 percent. In each case these
values are very much lower than for comparable treatments of the
Becket soil and distinctly lower than those of the Trenary soil. It
is not surprising that the organic matter of the Carrington soil should
be of relatively low solubility in ammonia on account of the fact that
it is nearly neutral soil, presumably containing much of the organic
matter in the form of caleium humate while the Becket, as wall as
podzols in general, contains strongly acid humus. The iarked
incregse in the amount of organic metter removed by ammonia when
this treatment was preceded by extraction with sulphur dioxide in
the case of the Carrington soil 1s further evidence of the influence of
bases upon the solution of humus by ammonia. Aside from differ-
ences which undoubtedly exist in the base content there is evidence
of greater solubility of the organic frection of the Becket soil than of
the Carrington. The evidence of diffevence is indicated by the soil
res}.}iiues as well as by the extracted organic fractions as shown in
table 13. :

Tt should be pointed out that these fractions obtained by extraction-
are not sharply defined. It is not practical to continue extraction
with sulphurous acid until no color 18 imparted to the solution and
no precipitete obtained on boiling. The indefinite line of demarca-
tion between the soluble and the insoluble organic matter by this




CHARACIER AND BEHAVIOR OF ORGANIC BOIL coinoms 25

golvent is further complicated by the very considerable amount of
sesquioxides brought into solution after long extraction. The quan-
tities of these are such as to make the ash content of the extracted
material too high to be of much value for satisfactory organic studies.®
Extzaction mt%‘n ammonis is also 8 time-consuming process if con-
tinuec until a dark color disappears. In either case judgment must
be used, and the results given are for meterials extracted in a manner
a8 nearly comparable as seemed practical to undertake.

The organic fractions studied do not, of course, contain all of the
material extracted from the soil, for a part of it was lost by solution
in the processes of dialysis and electrodialysis, and the part extracted
by culphur dioxide and not precipitated by boiling is not included.
Tt seems highly probable also that a part of the material extractable
by sulphur gioxide would also be extractable by ammonium hydroxide
if not previously Temoved. Likewise, & part of that removed by
glgnn}gnia would, if present in the soil, have been removed by sulphur

oxide.

The organic material extracted by hydrochloric acid from Becket
loam has 2 much higher carbon content, calculated on an ash-free
basis, than any of the other organic fractions. The value of 58.6
percent is muck higher than the mean of values obtalned in these
experiments and elsewhere but is still considerably below the maxi-
mum reported for soil organic matter and is well within the range of
values which might be expested from carbonaceous compounds with-
out suspicion of the presence of charcoal. The presence of the
latter wes of course practically excluded in these cases by the fact that
the extracts wera all passed through Pasteur-Chamberland filters.
Furthermore, the carbon content is almost identical with the carbon
content of the theoretical compound suggested by Qdén as the

prineipal constituent of humic acid (26).
AMMONIUM HYDROXIDE EXTRACYT

The organic colloids extracted by ammonia from each of the three
goils show remarkable similarity in carbon content; in fact, the carbon
contents calculated on an ash-free basis are practically identical,
The values lie within the range of carbon contents given by Cameron
and Breazeale {9) for extracted humus, It is not surprising that the
ammonia extracts have a fair degree of constancy of composition.
This material includes the so-called humic acids, concerning which so
much has been written. - While these ncids are generally assumed to be
made up of more then one compound they are, for the most part,
regarded as consisting of closely related compounds. Perhaps more
information is available concerning this group of compounds than
any of the other soil organic material. Presumably the so-called
humus nucleus described Ey Waksman (36, 37) would be included in
this material.

BULPHUROUS ACID EXTRACT

The material extracted by sulphur dioxide Elresent.s gome striking

contrasts with that obtained by ammorium hydroxide. The frac-
tions ave in each case of distinctly lower carbon content than the

_—

# The ash content could na doulbt be 1% lowared ff this moterict wers further fractionaied by solution
in alkel{ and repraciplitation by hydrochlorie scld in aocordance with conventionat procedurs for the prepa-
ration of humns, For tha present, however, 1 wes not considered desirable to sublect the muterlat ta thesa
additional transtormations.
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. materials extracted by ammonisa from ‘the corresponding soils. This
differ¢nce is least pronounced in the Becket and most pronounced
in the Carrington. The fact that the two soils are different in this
respect is not particularly surprising in view of the difference in the
Incation of the organic matter with respect tc horizons. In the B
horizon of the podzols the bulk of the orgznic matter has undoubtedly
‘been transported there from the overlying material. The probable
mechanism of this shifting has been previously discussed {p.18). In

“this shifting there appears to have been considernble selection of
meterial-—that is, a partial fractionation tending in the direction
of uniformity of transferred material, Although the carbon content of
this tronsferred material tends in the direction of uniformity, very
considerable differences in the different fractions oceur. In the
Carrington surface soil, where fractionation has presumably been
but little operative under natural conditions, mosé striking differences
in composition by laboratory fractionation are shown.

Rearf and Ridgell (32) found a mean value of 49.26 percent for the
-carbon content of & large group of soils, while their corresponding
subsoils had o mesn value of only 39.16 percent carbon. This
fractionation which gives rise to differences in carbon content doubt-
less leads slso to the differences in carbon-nitrogen ratio which are
often found in most soil profiles. (18)

Extraction with hydrochloric acid, as well as with bages, indicates
that a portion of the soil organic matter is of amphoteric character.
Therefore, sulphurouns acid might be expected to effect solution because
of its hydrogen-ion concentration and because this material is soluble
in acids. Sulphurous acid might then be expected to react in a simi-
lar magaer. On the other hand, sulphurous acid offers opportunity
for reactions aside from the ordinary amphoteric behavior. If the
soil organic matericl consists largely of Lgnin, or of compounds
closely related to lignin, as certain information indicates (19, 25), it
seems probable that reactions of the type oceurring between wood
and calcium sulphite might result. There is sonie evidence that such
is the case.

Qualitative observations on the behavior of the material extracted
by sulphur dioxide indicated the presencn of sulphur in 2 form different
from that of simple sulphites or sulphates, both of which wers probably
elso present. In the process of electrodialysis simple salts, even those
of fairly low solubility, are usually removed in 3 to 4 days. The
materials extracted by sulphur dioxide behaved very differently,
however. The titrabla bases were removable in & normal manner but
the anions were not. After several days very appreciable quantities
of sulphates continued to pess into the anode chamber. When
electrodialysis was continued for s period of 8 days with one sample
the quantities passing through the membrane were still sppreciable,
indicating no practical end to this process. :

The sulphur contents of the different fractions where sulphur
dioxide was involved were much higher then those extraste by
emmonia. The variations between the different samples are not .
capable of any very definite inteipretation in view of their indefinite
'beg.%vior on electrodialysis. They show, however, & marked tendency
of the organic matter to combine with sulphurous acid. '
- I the organic substance is of the nature of lignin (or of a wide
variety of other substances for thet matter) ti most probable.
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}gpe of compounds.fﬁrm'e&- would sdem 0 ba.the sulphonic  acids.
" This type of acid should be saponified by caleium hydroxide and the
“sulphur present in the form of sulphonic acids be converted to -_-sul'-

7 phate, which would be more readily electrodialyzabls.

"~ A sample of the fraction extracted by sulphur dioxide from the
- Becket soil was adjusted to sbout pEl 7 with celcium hydroxide,
boiled, and allowed to st&nd-'sevemi) hours, then filtered; washed,
and electrodialyzed. Celcium end sulphate ions were both rapidly
removed. After 24 hours no farther trace of sulphate wes obtained
on furthnr clectrodialysis. A ssmple of the material enalyzed for
sulphiir'nt this point showed & reduction in sulphur-trioxide content
from 2.88 percent at the beginning to 1.72 percent, More complete
data are shown in table 15. This compound was further treated by
adding calcium hydroxide until the solution, after approximate
equilibrinm was established, was distinctly alkaline to phenolphthalein.
After boiling and subsequent electrodialysis no appreciable sulphate
was found in the anode chamber and the sulphur content of the elec-
trodialyzed material was now 1.71 percent sulphur trioxide, or identi-
cal within the limits of anlytical error with tbat produced by one
alkaline treatment. The resulting compound was still of much
higher sulphur content than the organic portion-of the colloid as =
whole extracted from this soil progla snd described in & previcus
bulletin {4). There is some indication, therefore, that sulphur
dioxide is instrumentsl in fixing a small amount of sulphur in the
organic majter in a stable form. This is, in some respects, similar
to those compounds reported by Feustel ® 8s being formed between
peat and ammonia under pressure, in which the nitrogen is no longer
in the form of en ammonium compound. The data at hend offer
no conclusive evidence regarding the chemical character of the
material. Indieations point toward the frequently made assymption
that lignin pleys an important part in this respect. Steps are being
taken to obtain further evidence on this point by deterrsinstion of
the methoxyl group, which is so characteristic of lignin from different
sources.

TABLE 15~—Ammonia absorpfion and S0; conlent of erganie soil fractions before
and after treatment with Ca(OH),¢

Ampionis ahscrhed per

gram of msterial B0, content

Kind of sol) Reagont ‘ﬁf& for Affer Aftor trest-

Alter gleo- After elec- | mEDE with

trodisiysls | trodiatysis | DBOBN

o0}  louentelee-| %Y guentelec
trodieiysis trodiaiysis

Mt 1 MuE-

. . ) eguioalents | equiivalents | Percend Pereent
Baoket loam, By Lorizon By solutfon.._...} 2.76 Z0L 2.88 LTL
TPrenary fins asndy loam, B borl- do. 132 a1 4.65 1.87

o0, |
Oarrington loam, A boriron do N .85 £.15. 4

aEaoh of these ssmples !s & subsample of the fraction extrsctad from soll by BOs xofution and alectro-
dialized, (Pee tabis 13.)

- + Unpablished dsta,
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o ;_-."'1"Inl_-qrdar-to test the ‘behavior of a purif:fed'-'lignin- by the reagents

* . used in- these experiments a sample of corncob lignin furnished by

- Max Phillips, of the Farm Weste Division of this Bureau, was treated
. with sulphur-dioxide solution and the extract boiled until reduced to
‘aboiit-'one third of its volume. No precipitate was formed but some .
“brown coloration was present. Evaporation of the solusion to dry-

" rieséshowed 7.6 percent of the sample weight dissolved. It is evident

that this kind of lignin was not presens In the soil fraction recovered
by boiling the sulphur-dioxide solutions of the soils. It appears also
that the sulphur dioxide possesses & very different solvent power for
- lignin from that shown by the sulphite cooking liquor used in the
paper indusiry. This behavior tends to obscure the part played by
the solvent action due to sulphonation and that arising merely from
the hydrogen-ion concentration of the sulphurous acid end its action
a8 an acid upon the smphoteric organic material. S

The hydrogen-ion concentration determinations of the different”
nolloids were made on suspensions of the material in which a con-
- siderable amount of solids was present. No great significance should
~ * be attached to small differences in pH values, since concentration of
“solid material and state of dispersion. have so much to do with the

values obtained in these determinations. :

General relationships stand out as significant, however. The group
of acids extracted by emmouia show the greatest hydrogen-ion con-
centrations when in suspension. This is in line with the assumption
of ‘relative simplicity for those acids forming readily soluble. salts,
The material extracted by sulphur dioxide is much less acid, some-

- times approsching neutrality, This is probably due in part to the

character of the inorganic portion which appears to be largely alumina,

- the pH value of which when purs is spproximately 8, Its reaction
with the organic acids has doubtless left & mixture of organic acids
and saits, The organic acids aside from their inorganic base content
are doubtless less acid than the so-called humic acids, and a part of
the hydrogen-ion concentration measured mey heve been due to the

_presence of sulphur in a sulphonic acid derivative., Even after
saponification and removal of what appears to be sulphoric acids
the material is atill acid. _ '

The range of pH values of the material extracted by sulphurous acid
15 comparable with the isoelectric pH values of some of the typical
amphoteric organic compounds such as certain proteins. Casein for
example has an isoelectric pH value of 4.6. This is about the value
attained on electrodialisis, and a determination of its ammonis-hold-
ing power by the methods used here showed a value of .38 milli-

. equivalent per gram or somewhat below that of the lowest values
Ivr fractions of the soil organic matter,

The acid properties of the organie fractions are further evidenced
by ammonia-absorption capacity. This is shown in table 14.

" _There is much irregularity among the ammonia-absorption values.
Thematerials extracted by ammonia from different soils are not greatly
different. Those extracted by sulphur dioxide sre widely different,
This is no doubt due in pari fo the variable sulphur content but this

- factor is probably not as important as that of the organic composition

- aside from the sulphur compounds. Even with the sulphur %resent the
‘ammoniz shsorption of the materials extracted from the Carrington

- soil with sulphur dioxide is very low. The low value appears not to
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be due t6 the magnitude of dilution by the ash content alone, although
the reaction between the ash material and the organic matter may be
the most significant factor.. Table 15 indicates that while the sulphur
content of the colloids has an-influence upon amnonia absorption, the

magnitude of t}iis influence is not more than about 25 percent of the

», totel in any of the cases tested.
T " . FUNDAMENTAL VARIATIOKS IN SOIL OBGANIC MATTER

Tn the earlier studies of soil colloids in general many determinations
were made which were of value in characterizing certain soils. Ex-
perience proved, however, that some of these methods were not of

eneral value in indicating fundamental similarities and differences
_in the grest groups of soils, hence many of such methods have had
only limited use and have been largely discontinued since this branch
of soil science has taken & more systematic form. Certain determ-
pations, however, appear to be of a more fundamental character and
their use has been of great value in the orgenization of gystematic
study of inorganic soil colloids, Systematic study of organic colleids
has been much less developed. lr’tr; is. hoped, however, that further
experience may show that some of the determinaticns herein deseribed
possess merit as a basis for systematic study and that the indications
of similarity and difference in the organic matter of the few soils
studied may prove to be of general application. A part of these
methods appear to merit further study, at least in their application to
the organic matter of profile samples of the soils of the great soil
groups. The features which are particularly promising are those of
a comparison of the organmic matter extracted by mﬁ hur dioxide
golution with that extracted by ammonia from debased soils. The
“esrbon and ash contents of these fractions and their base-exchange
capacity by ammonis appear to possess the greatest diagnostic value,
The base-exchange capacity when determined on material extracted
by sulphur dioxide is I1))1*0b£n,bly of more value after treatment of the
sample with calcium hydroxide to remove the loosely held sulphur
compounds. Preparations are now under way to extend this work
to samples from the great soil group and thus further an attempt to
accumulate systematic dafa by which to relate the character of soil
organic matéer to existing schemes of soil classification.

SUMMARY

A study of the organic matter of soils from the colloidal standpoint

is Bresenbed. X
ispersed organic colloids prepared from various goil-forming ma-

terials were studied by methods similar to those used in the study of
inorganic soil colloids. The materials included rotted h:ir and straw,
leaf mold, bacteria, and fungous bodies, and soi materials from peats
and from other soil sotrees.

The various colloids contain ether, alcohol, and water-soluble com-
. ponents and in most cases significant quantities of cellulose and hemi-
sellulose. The largest single component iz the ligno-humic complex
which veries between wide limits. -

The electrodialyzed colloids are strongly acid, the pH values of the
viscous material ranging between 2.3 and 3.7.
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In terms of milliequivalents the quantity of sodium hydroxide re-
quired to neutralize these colloids is considerably less than the quan-
tity of ammonia taken up from dilute ammorium hydroxide.

The water-vapor abzorption of the organie colloids over 30 percent
sulphuric acid iz 8s high or higher than the values for the most active
inorganic soil colloids. In general, the properties of these orgamic
ctﬁ]loid_sli suggest the presence of either these or similar compounds in

e soil.

Organic colloids, when mixed with quartz flour, show a moderate
decrease in ammonia-absorbing power. When mixed with Cecil soil
colloid the decrease in absorption is much greater, indicating the
probability of chemieal reaction between the acid organic colloid and
the sesquioxides of the soil colloid,

The acid qualities of organic colloids are not much diminished by
mixing with ferric hydroxide, are much more diminished by mlxmﬁ
with aluminum hydroxide, and are almost, if not entirely neutralize
by mixing with ferrous hydroxide. These facts are utilized in the
interpretation of certain soil profile characteristics.

From certain soils considerable organic matter may be dissolved by
the action of acids in moderate concentration. There is evidence
that much of the organic matter thus dissolved is in the form of
organic cations.

he amphoteric character of soil organic matter wes utilized in its
‘geparation inte major frections from three different soils by the use
of hydrochloric acid, sulphurous acid, and by ammonia. e frac-
tions extracted by ammonis are nearly uniform in earbon content,
but show moderate veriation in other characteristics. Materials ex-
tracted by sulphur-dioxide solution show wide variations in carbon
content, In smmonie absorption, and in other ways. There is evi-
dence that the character o?)fra.ctions extracted by this reagent may
be of diagnostic value in the study of soil profiles.
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