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TOE PHYBICAL ACTION OF LIME ON OLAY 80I1LS

The recent investigations in the fleld of soil acidity have raised anew
the question of the physical action of lime on the scil. A number of
physical investigations have been eonducted in the past, bont the recent
progress in certain auxiliary subjects, as colloid chemietry, has tended
to depreciate the valve of much of this work, and bring new prohlems
to the front. The question may therefore be properly considered again:
What is the specific effect of each form of Hme on the soil, and how great
is that effect? )

Our problem resolves itself into two parts: First, the selection of
desirable methods, and second, thelr applicailon. Let us first review the
procedures available for the study of the colloidal characteristics of the
.&0il, and determine wherein their merits and deficienciea lie. The vari-
ous methods may be classificd vnder eight distinet headinge, as follows:

Methods for Estimating Soil Colloidality

Floceulalion in solulion.

1. The suspension method.
Bolubility of eollgidal msulerial,

2. Frapg Ammonis Method.

3. Vapu Bemmelen Acid Method,

4. Endesmometer method.
Heat Liberation on Wetting.

3. I'ouillet-Mitscherlich Melhad.
Capillarity and Helenlive Power.

¢ Hilgard Total Hetentive Cup Method.

7. Briggs and McLane Moisture Hquivalent Melhod.

8. Cuapillary Rise of Water.

9. Percolation of Water,

10. Atterberg Plasticity Method.
Adaorption.

11, Hygroscopic Water.

12, Dye Adsorption.

13. Belective Adsorpfion of ions.

14. Endell Histological Method.
Volume Change.

15, Expansion Method.
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Penetrability.

16, Penetration Method {Laboratory).
17. Dynamoimeier Method (Field).
Oxidation.

18. The Oxidation Methoxl.

1. The Huspension Method has heen ueed more extensively than any
other. Tt consists esseniially in making a suspension of the material in
the particular solution to be tesled, and cbserving the time required for
precipitation. For a number of decades the suspension method was the
enly means by whieh the effect of iona on the stability of colloidal ma-
terial could e determingd. Tn the hands of Scholze, Bams, Picton and
Tinder, Bodlander. and Hardy. if was ol imnense assistance in the form-
nlation of the fundementils of colloid chemistry, The specifiv action of
vitFions snlis, and the valenes and mass relationg, have been popular sl
jeets for sindy. The most recent work with clay suspensious has been
performed by Masani, and hy Wolkoff,

Valuable ar the suspension procedure hag been in the preliminary
studies, the question neveriheless arises whether it should be cousidered
a legitimate method for correctly estimating the physical effects of salta
on soils. The writer iz of the opinion that the precipitation of a ol by
an elecirolyte in of little valne in gauging the sction of the same salt
applied 1o a soil under vatural cowlitions, In a suspension the foreea
inhibiting the nentralizaiion of charges are very small, while in a heavy
goil the internal frietion prevents the formation of the large Uoecules
characteristic of the suspension. FProbably in many heavy clays the posi-
tively changed collnidal ivon remaing indefinilely in approximate con-
tiguity 1o the negative siliciy withont neutrplization taking place,

A somewhat gimilar view reparding the inapplicability of the suspen-
sion method is held by Free. He thinks that in the soil, the tension at
the lguid-vapor surface muy be the determining factor in precipifation.

2, Frape has stndied the ammonia soluble inorganic soil colloids. He
does not propose his method as a means by which the entire colloidal
content of the scil may be meaaured.

3. The Van Bemmelen Method for the estimation of soil colloids eon--
sists in the determination of the malerial made =oluble on prolonged
digestion With hvdrochloric and sulfuric acids. Tn the hands of Blanck
and Dobresen, and Vander Leeden gnd Schoeider, the Van Bemmelen
procedure has not yielded significant results. A serions eriticism of the
method lies in the fact that crystalloidal as well ag colloidal matter may
be rendered scluble.

4. The Endoamometer Method has been ueed by Kbnig, HasenbAumer
and Hagsler for the determinatinn of the absorbed ions in the soil. The
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amount of salts released by the current Lears only a very indivect rela-
tion to the amount of colloidal material.

5. The “Pouillet Effect” ja another means by which the estimation
of internal surface has been attempted., This metbod is named afier C.
Pouillet, who as far back ng 1825 observed that finely divided substaneces
released heat on wetting., Mitscherlich (1898) wag the first to attempt
the estimation of the internal surface of soils by the vae of thiz phe-
nomenon. Several other investigators hive since 1hen attempted similar
studies. The fect thar heat release in soils may be associated with a
number of factors renders the Pouillet effect of doubtful value,

fi. The total retentive power of the soil for water has long been used
as a standard measurement. The early investigantors ususlly allowed
water to rise by capillarity in a cylinder filled with the soil, and then
determined the final perceniage present.  Hilgaed modified the procedure
by nsing a short columu of standard length, bt the method still remains
rather inaccorate. >

The investigations of Trentler, Wollny, Blanck, and Iingels indicate
that caleium oxide inerenses the total relentive power of the soil. AT
these men, however, used excessive applicaliona. The probable exror in
the case of Thaer's work ix too high to permif the drawing of conclugions.
Frear thinks that liming has no effect on the total retentive power. The
writer is calling attention in each cuse to the ingtances In which limed
soila bave been waed. for there ig no hetter eriterinn as to the acenracy
of a physical wethod, 1han ite peosdlivity to small amounts of lime.

7. The Moisture Equivalent Method of Brigps and MeLane sngpests
itsell a® a possible 1reans for estimating internal sorface. {Tnfortunately,
the probable error is so high as to probably preclude the measnrement
of very amall Hme applications, Sharp, of the California Station, is using
this method at the present lime in his alkali invesiigations.

8. The eapillarF rige of water in roil rolumna has heen used by
several investipators ar a method for estimating soil colloidalily. The
nanal procednre has heen fo place the lower end of a colnmn of dry goil
in contnet with water, and record the speed and total height of ascent.
Mever, Krawkow, Gross, Blanck. and Euogels have performed capillary
experiments with lime treated soile. The data, coneidered as a whole,
is inconclngive. Tndoubtedlr, intermal surface iz a factor in canillary
rise. but the additional factors of surface tension and degree of compac-
tion are exceedingly difficult to contral.

9. The speed of percolation of water through sofls hag frequently been
used as # measure of soil structure, Htndier have been conducted by
Vogel, Ebermerer, Biibler, Blanck, Thaer, and Engelz on the influence
of lime on percolation. Al agree that lime increazes the eare with which
water pagses downward, For comparative parposes it is necessary to
obtain a large volume of percolate. and thiz results in the removal of
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salts from the sample. An ohjection to this procedure rests in the fact
that the colloidal condition, the factor which we are measuring, depends
on the salt content. A decresse in the amount of adsorbed salts results in
a deflocenlation of the goile. Both Mayer and Van Bemmelen noted at an
early date that percolation decrenred on prolonged leaching, and the same
thing has been more recently noted by Hall, and by Bharp.

10. The Atterberg Plastivity Meiliod has been proposed sclely as a
means of evaluating clays, It has never been applied to the estimation
of Internal surface, According to Kinnison, the Atterberg plasticity
figure depends on too many factors to be of ralue.

11. The term “hygroscepic moisture™ has azually been taken to mean
the amount of water that a soil will absorb in order that its intermal
gurface be covered with n film one molecale in thickness. However, there
is reason to believe that the thiekness of the film is greater than that
stipulated by the definition. Furthermore, the slowness in reaching
equilibrivm, and the great effect of temperature on the final result, indi-
cate that much of the water i present in the form of capillary water
Tncated in the inferstices of the <oil particles. 1t is more correct to speak
of the phenomennn s “hygro-inlersiitial moisture,” connoting thereby its
Irue nature. .

The early workers tested out 1he adeorptive power of snily for vartous
vapors and gases. All these investizations resnlfed in the selection of
water yapor as best smiled for the porposes in hand, The hygro-doter-
stitial investigalions have heen conducted gecording 10 two general types
of procedure:

1. The first involves the eonstant neseage of water vupor over or
through a soil until equilibrivm is reached.

2, The seeond requires the placing of the sample in an atmoaphere
whoge degree of mainration is contrelled, the moisture heing conveyved to
or from the soil by diffusion.

The rlassical investipations of Ammon and of von Dobeneck helong to
the firat type. They conducted the satneated vapor throngh a ©@-tobe or
aome other suitable vessel containing the goil, until equilibrium had been
reached. Both men were concerned with the adsorptive power of the
varioua roil constifvents, and so carefully was their work conduncted, that
it remainr today our most valuahle contribution to the snbjeet.

One of the difieulties with the procedure was the frequency with which
an abnormal condensation of water yapor occurred on the interior of the
rontaining vessel. Thia led to the practicre of reducing the degree of
saturation of the water vapor. Heiden, for inatance, emploved a vapor
annroximately reventy-five per cent saturated, but he conld not obtain
valuahle results, Owing to the difficulties of manipulation the subject
wa= abandoned, and during the nineties no work was done on any phases
of the nuestion,
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In 1903, Rodewald and Mitscherlich proposed a method corresponding
to the second type of procedure ountlined above. The soil sample, pre-
vipugly dried over phosphorus pentoxide, was placed in a container over
ten per cent sulfuric acid until equilibrivm wag attained. The function
of the sulfuric acid was to control the degree of humidity and prevent
condenaation, This method bas been used by & large number of investi-
gators. Engels, Thaer, and Czermack have found that lime, particularly
calecium oxide, decreages the hygro-interstitinl moigture. The amounts of
lime which they used, however, were axvessive,

Comparizons of the Rodenwgald-Mitacherlish method with the other
meang of measuring inlernal surface have been attempted by Tadokoro,
and 8tremme and Aarnio. They find o good generzl agreement between
the different methods. It shonld be pointed out in this connection, how-
ever, that & good general correlativn is to be expacted in comparinog soils
whoee percentages of clay vary widely.

The poasibility of the desicecation over phosphorus pentoxide having an
influence on the colloidal material hae been pointed out by Ehrenberg
and Pick, They suggest that moist soil we placed in the desiccator or
bomidor and allowed to remain oniil equllibviom ie obtained.

There are two main objectiong to the Hodewald-Mitscherlich wethod and
its modifieations:

. 1. Too much time is consnmed in waiting for equilibrium to be reached
in any pariicolar case,

2. There iz a high probable error in the method, due probably to the
fact that diffusion permits only &uw approximaition of trme equilibripm
ronditions.

Blanek ran solls according to the Flirenberg-Piek modification in one
instance for a period considersbly exceeding one hundred days, at the
end of which time aguilibrivm had oot heen reached.

12. The Dye Adsorption Method constitutes one of the standard means
for determining the internal surface of soils,

Undonbtedly, there exisls in the soil a great variety of colloidal sub-
stanceg varying in both chemics] and physical conditiop. Four forms,
namely, iron, aluminum, humug, and silica. have been generally recog-
nized. This classification is of the cradest sort, and nndoubiedly comes
far from conveying an adequate conception of the variety of colloidal
materials present. When we recall that the weathering processes nsually
increase the amount of colloidal matter, we might expeet to find about
ag many colloids present in the soils as original rock sources. Rogers has
made a review of the minera! kingdom, and finds a great number of min-
erals to be colloidal in nature. Many of them, we have reason to believe,
exist in the soil, as, for instance, allophane, elemental carbon, opal, hema-
tite, and limonite. Boils of voleanic origin probably contain pyrolusite
and rutile.



