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THEZ IXFECT OF LIOIZTUXE CONTZNT, THIPATZATURT, AUD COI'FPLCTION

UDON THET LIOVIIIENT O0F SOLUBLE SAL?S IMN 32ILS.

Introduction.

A review of the available literature concerning the
movement of soluble salts in soils, brings forth, for the most
part, only meagre and somewhat contradictory idess, and it was,
therefore, considered of suffieient importence to investigate
some points with regard to salt movements, which might tend to
clear up the doubts surrounding the subject. Certain definite
statements are sometimes made concerning salt movements as,the
tendency of nitrates to rise and of phosphatic salts to become
fixed in soils. It is believed that the lateral movement of
fertilizer salts in plot experiments is open to discussion. The
questions &s - do nitrates elways move upward, or sidewise and
downiard as well; are phosphate salts movable; and do salts move
equally in &l11 directions,- are important. It seems also hichly
desirahle to mniow what effect différent salts, varying moisture
contents, chan-es of tempersture, and compaction have upon these
movements. Indeed, there seems to be a larze field of research
surrounding the addition of a salt to the soil and what ultimate-
1y beéomes of it. Absorption, water movements, texture ol the
medium, chemical reactions seem to be concerned and as a result
a very complex set of conditions srise. Hence, there is diff4-
culty in explaining many of the phenomens found.

After showing (1) that salts actually move when sadded
to a soil it seemed advisable to investizate in this thesis

the following phases. (1) The effect of different moisture con-

tents uvon the rate and distsnce of thre salt movements,
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(2) The effect of temperature upon the rate and distance of move-
ment. (3) The effect of different degrees of compaction upon the

rate and distance of movement.

Historical Resumé

luntz, A. and Gaudechon, H. (2) using a field soil,
which in an air dry condition contained 3.2% moisture, &and placing
3t four points in a box about 0.5 sm. of erystalline NaNO5 in a
place, found a moist area 10 M.m. in diameter formed around the
crystals which at the end of eisht days had reached 31-40 m.m in
diameter. The water content at the middle of the spot was found
to be 7.3%. Upon setting up & zarden soil in a similar manner,
analyses made for salt after two months showed no movement, but
& movement of moisture was found as befores With & similar soil
containing 17.5/% moisture no movement could be detected after
three days with either KCl or Nali0O respectively. At 15.60 moist-
ure, after six days, no selt was dgtected 2.5 m.m., away from the
deposit. . ., Other experiments show only extremely slow or no
movement either vertically or horizonislly.

Seeds placed in these boxes did not grow, due to the
high salt content in the moist area and to lack of moisture
surrounding the s=alt spots. At hicher moisture contents, the

water movement toward the selt is not marked, and no sclt move-

ment occurs.

The authors believe that under field conditions salts
will remein localized for lonz periods. The same authors, two
years later(3) reported results which substantiate their previous

investirations. They maintain that when a salt is added to a
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homogeneous mass of soil, two systems result inasmuch as the salt
solution hes & high vapor pressure. Consecuently a distillation of
vapor results, which explains the collecting of the weter around
the salt deposit. This concentration of the soil solution around

a salt depocsit may be harmful to germinatione.

Demolon and Brouet (4) revorted no difference other than
& displacement of salt by movement of water, &as the result of rain-
fall. "‘hese authors used KCl and NaNO5 respectively in their
WOTrKe

sialreaux, L., and Defort, A., (5) investicated the move=-
ment of nitrates in boxes of soil, and under field conditionms. In
boxes & very unegual distribution was found at 5 c.m., 10 c.m. =
15 c.me from the original devosit. Verticel diffusion did not
appear more rapid than nhorizontal movemente.

In the field, h’aIIO5 was buried at a depth of 25,50, 75
end 100 c.m., and after & suitable time samvles were taken eight
c.mte down and five c.m. out from the deposit. At eleven days
vortions of the 25 c.ms derosit had reached the surface, at 31 days
some of the 50 c.m. deposit was detected, at 43 days the 75 c.m.
devosit wss noticed, while at this timwe the 100 c.m. devosit
showed onlyv & trace. In cultivated plots, rein had¢ washed the
nitrate down 20-30 c.m. and for every depth of derosit, ihere was
a zone of meximum nitrate concentration. On the wnole, the nitrate
wes necrer to the surface at the end of the season tran at the
berinning,

‘"he same investivctors (6), the following year, revorted
furt~er recsults, showvins thet if nitrates are cuusnt inAthe evap=

oration current, irey maey be broushi un lons distances and 2t a

comperatively rspid rate. IZven in vet seasons the nitrate will

~
.

rise end ~h to be within t-e recch of plant roots. “hey vnow
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that after one month of wet weether, the zorne of maximum nitrate
content is 20 - 40 c.m. decp, while a month of dry weather, causes
them té collect near the surface. "“he totzl emount of nitrate
in the 40 ceme 0 s50il rerained necrly constant for the season. On
crorped nlots tie unper layers viere removed by the crops and hence
the tendency in all cases was to oroduce a uniform distribution.
“he crop snowved beneficiel erfects of nitrate. :heze meon, then,
reoport & vicorons vicoticwl vve :uv 0T nitrates.

According to Frear, V. (7) thers are two nrocesses which
tend to 1lift dissolved meterials from the subsoil, namely,
cavillarity and diffusion. Iinz is cited by “rear =s suying that
nitrates, chlorides and sulphates tend to accumulate in the surface
soil. Calcium end ma>nasium rize more slowly. Potassium risss very
slowly, =2d phosnhorus scarcely at 2ll. Pellet also cited by Frear
in this bulletin says that the soluble salts of the soll are of two
classes. 1. Those that tend to rise to the surface. 2, Those that
tend to sink to the subsoil. Liost salts tend to rise, but esvecially

delicuescent ones such as K CO_

2 3
tion with stroans mineral acids will rise but since it is ususally

and CaClz, s3ink. Lime in combina-

found as a siliczcate or chloride its movement is very slizht.
frear further states that diffusion is the iendency of
soluble materiels to make & homosanous solution. In soil, this
ad justment is slow, due to the discontinuity of the film water or
to colloids. Under systems of irrization meny salts move rapidly
but this is more of a translocztion thesn movement b diffusion.
Sherp (8), in 1916, renorted effects broucht about by the
addition of sodium salts to & clay loam s0il in cylinders and the
subsecuent washin~ by witer. He found a diffusion of soil colloids

and a meried retardation of tne rate of nercolsation. Increaced
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amounts of calcium and musmesium in the percolate led him to believe
that chemical processes end substitution of bases were concerned in
trhe chanses resulting from additions of the salts. He also believes
that an actual movement of soil perticles occurs, but the sreater
factor in the diffusioﬂ“éxplains on chemical grounds. Water movements

N
by surface tension or otherwise influence salt movement.

Axverimental Tesults

The work reported in the followinz pazes is not completed
in many respects, and should be considered rather as an investization
to obtain ideas, which will open up new fields of thoucnht and re-
seerch. ©Some divisions are more complete than others but it is be-
lieved thsat enoush work has been done with each pnsse, to either
ectablish & principle, or to provide a sound basis for further study.

With these thines in mind, the examination of the experimen-
tel results may be more intellizently accomplished.

I. a. Zffects of Varying nioisture Conditions upon the
kiovements of Salts and ‘ater in Soils,

liethod.- 3less cylinders, 8 inches long ané 1 7/8 inches
in diameter were employed in this series. "“he cylinders were f£illed
about one-half full of soil which had been made up to the desired
noisture content: then 2 orems of chemically pure crystalline potass-
ium chloride &and sodium carbonate respectively were put in and uni-
formally spread over the suriface. =The tube was then filled with the
soil end finally scaled at both ends with melted paraffin. In
order to eliminate variations in comrection all tubes received
equal weichts of soil, and the compaction necessary to nlace this

definite vielsht into the cylinders, was practically the same
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throughout the series. Precautions were taken to prevent undue
losses of moisture by evaporation during the process of filling,
The filled cylinders then had about four inches of soil on each
side of the 2 gm. devosit of salt; the soil weishing 500 grams in
the case of sand and 450 grems when 8ilt loam was used, These
cylinders were set away at & nearly constant temperature of 18°¢C
for suitable lengths of time, in this series for periods of ten
and twenty days, after which, they were opened, and one inch lay-
ers of the soil removed, placed in wecished aluminum cans amnd
dried, at 103° for sbout forty-eight hours. They were then cooled
and weighed, and the moisture calculated in‘percent, for each
sectione

The salt movement itself was detected by means of the freez-
ing point apvnaratus described by Bouyoucos (9). The reading ob-
tained subtracted from the freezing point of distilled water,
gives the depression of tke so0il solution. When this depression
exceeds the depression of\é control. - soil, that is, one which
has no salt content, then it is an indication of a salt in the
solution. For selts in solvtion cause a lowering of the freezing
point, in proportion to the amount of salt present. ¥Yaint traces
may be detected, since depressions of 0.002°C, can be read. fhe
¥Freezing Point Lowerings expressed in thre tables are obtained by
the subtraction of the standard or check depression, from that
of each section. sor instance the sand used, freezes with a
depression of .015°C, with 25/ water. ‘hen .01l5 is subtracted
from all depressions of the sections frozen at the same moisture
content and the true lowering, below the check is thus obtained.

The first series of moisture experimen{s were run with air

dry medium ssnd, and silt loam, over 10 and 20 day periods. The

results of the work ars ~iven in Table 1. It will be noticed
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that no movement or salt or moisture resulted. It appears, then
that soils with only the so-called nhy=zroscopic moisture content
are insetive with respect to salt and moisture movements. This is
probably due to unveilability of this form of soil moistiure as
well 28 to the laeck of continuous contact in the column. Since
diffusion of salt, as well as movement of water depends upon the

continuity of the system it cen be readily understood why no

movements have taken places
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The second series of experiments were carried on with
medium sand at a moisture content of 0,56%, and with silt silt loem
at 2,0% moisture. Some difficulty was encountered in obtaining
& homozeneous mixture with such small quantities of water, but
fairly uniform columns were obtained. The results for petiods of
10 snd 20 days are shown in table II., In contrast with the re-
sults of Table I., these data, show both s2lt and moisture move-
ments. The appearance of a dark ring around the zone where the
salt was placed, was plainly due to the increase in the moisture
content which collected there at the expense of the outward layers.
The salts moved only as far as this dark zone proceeded, as is
shown by the data in the table. This zone was most marked in the
case of potassium chloride and sand, but showed well with silt loam.
The sodium carbonate was less active under these conditions of
moisture in case of sand and was insctive with silt loam. \ihen
potassium chloride was added to the silt loam, the salt was detect-
ed one inch away after 10 days and had proceeded three inches at
thé end of 20 days. Dodium carbonate moved but one inch in 20
days and a lower concentration only is shown at the end of the 10
day period. In sand, the potassium chloride moved but one inch
in 20 deys altnourh the concentration of this layer increased
throuchout the period. '‘he &odium qarbonate moved one inch in 10
days and showed traces two inches away at the end of 20 days.
Hence, salts vary in their zction in different media, but all tend
to set up two systems in the column. One system is the result of
the movement of moisture toward the salt deposit and the other
is broucht about by the movement of the selt into the surrounding
medium. This water movement, if ranid, must retsrd somewhét the

movement of the salt. On the other hand, the increase of moisture
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in any zone, tends to inc.ease the rate of salt translocetion.
It seems to bs difficult to determine just what effect the moisture

movements have upon the salt movemecnts, in this case, at least.
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In Table III, is ~iven the dsta from the treatment of
8ilt loam at 4., moisture, and medium sand at 1% moisture with
Potassium chloride and sodium czrbonate respectively. These drta
ghow very clearly in all cesas the mcvement of water towards the
salt denosits, and in comrsrins these movements with those in
Zable II, it seems evident that the ineressed moisture present
accompanies grrater salt and water moverents. This is perhaps due
to the sreater number of cont:cts, aud the greater continuity of
trhe films eround the particles of the columm. “he sz1lt solution
in the vieinity of tre devosit is doubtless & very concentr:ted
one, =zud its surizce tension is then mnrie’ly incresssd. The
gsolution surrow.ding the £0il in tne outer layers is less con-
centraisd, an’ therefore, has a much lower surfuce tension. “hen
if there is a continuous contact between these solutions the one
with salt and the sre=ter surfece tension will withdrew moisture
from the other. Uhis no doubt exvplains why the water collects
around the salt devcosits. At tre scme tirme the szlt solutions
gre diffusing into trhe soil moisture, true to trhe lew concerning

-

them, vich states that all solutions tenéd to become homozeneous

throurthout, if left in coutaet lonx enou~h. “Xreriments rua over

lon~ vneriovds of time result in 2 uniforn concentrstion of the soil

~

solution for all sections of ihe coluwmn, “he data of “‘able III

L

show thot in oilt loam =t this woisture coutlczat,
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The socium cazarbonate scers to be more loculized and remsins in
the zone of hi h moisture content. It seenws ¢ifvicuvlt to deter-
nine tre cause of these varieiions unless trey can be ewplsined by

r=lative =oluuilities on differences in tre mobility of ions,.
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“hen potessium chloride wus pleced in contzct with
silt loam &t 6> moisture end with medium sand a2t 2% moisture the
waler pulling capacity of the sclt, wnich was very noticeable
from the results wiven in Tcble III, seemed to be chanced. The
zone immedistely surrounding the szlt deposit did not hold very
much more water than the other sections of the column, =nd in
sand the layers throusrout were almost uniform in moisture con-
tent. 4 very marked movement of s=2lt occurred, howevsr, vro-
bably because of ttre better contict betwsen all parts, and the
fsact that trhere was undoubtedly a fester rete of solution of
the 521t resultinz from more wetcr being presant. The sodium
cerbonete £till showed power to pull water in both soils, but
its movement wes very limited, and confined to the zone of
high moisture content a: before. A consideration of the date
ziven in Table V is interesting. It was found that no appreci-
able variation in tre moisture contents of the different sec-
tions could be detected Tor either salt in silt loam at 10%
moisture. In sand with 3,0 moisture the potessium chloride
gave analozous resulis, but the sodium cerbonate still increased
the weater content in the first inch. There was this change,
how=ver, the sodium curbonate moved three inchres in 20 days,
which is a noteble increuse over other series rune. The potass-
ium chloride was a~ain more active than it was under the con-
ditions noted in Teble IV, and hes been detected at the end of
the tubes after 20 deys, and three inches out at the end of 10

days. Both salts "~ve moved fert er with these moisture contents

than with the lower ones, preceding.
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As 8 final series, the soils were made up to high moisture
contents end run at 9% in sand, and 20/ in silt loam. The data
are given in Taﬁle VI, and when compared with Table V, show but
little if any increase in the amount or distance thet the salt
has moved. It may be safely said then, that at 3% moisture in sand,
and 2t 10 moisture in silt loam, thé meximum activity has been
reached, and further additions of moisture have but a slizht effect
in hestening the movements. At 9, moisture in sand, the sodium
carbonate did not increase the moisture immediately around the de=-
posit,

An exanination of the date from the entire series pre-
scnted in the six tables shows that the amount and speed of salt
thranslocation incresses with the increase of moisture content up
to a certain point after wnich other additions have little effect;
that there is a moisture condition where the maximum amount of
moisture is drewn arouné the salt and at all hizher moisture con-
tents this property becomes lost; that the texture of the medium
has but little effect in causing wide varlations in salt and water
movements; and that salts vary in their moving power, in this cese,
potassium chloride beins & much more mobile salt than sodium
cerbenate.

Theoreticzl considerstions of these facts lead one to
believe that the ressons underlying the increcse in the amount and
speed of movement up to & certain maximum point, are to be found in
the solubilities of the salts. It is a zenerelly recoznized fact
that soluble salts will go into solution fast at first, but =s the
concentration of the solution incresses, the rate of solution de-
creaseS. Then in tre soil containing but 0.5/ of water the total

amount of salt really in solution is small, as compared with the
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total amount in solution with the soil at 3» moisture. And so,

in the latter case, more s21t being active, & greater potential

is creeated, =nd the reletion follows the lsw of mass action.
Greater movement s of szlt somseguently take place. KHow, further
adcitions of moisture, do not incresse the total movement, because
probably the lower percent weas su’ficient to completely dissolve
the salt, and really &ll the added water does is to cdilute the
diffusin~ solution so that its rate is slowed down even whnen more
contacts have been rrovided. “his is tenavle from the fact that
the movement of salt from & strons concentration to water is
zreater than the same movement from a weak concentration. '‘hus it
seens reason&aile to assume that the whole phenomenon may be ex-
plained uvon the busis ol solunilities,

A corresnonding line of reasoninz may be emncloyed in the
explanation of the water pulliny capacities . At law moisture
contents, tie concentralion around the salt deposit becomes greet
since undoubterly a saturated solution is produced. “his has
8 sirong &itractive force, due to its incressed surface tension,
and drsws more moisture from the surroundins layers. _his water,
in the adjacent leyers, is however, held vith counsideratle tena-
city and the s+-turated solution can obtain only a part of what it
rc-uires. But, uvon the use of more wstier more becores &vellaole
and movanle *rile the solution of salt is still s=iurated. iience,
a rreater anount will be withdérawn in the second case. Additions
o8 weter tead to iacrease the ezse with which the water moves
around the 301l purticles, while it 5till produces a saturated
solution ior the trctive areut. #inally wien pust the maximum
the sult becomes eatirely dissolved and only a w2ak colution re-

sults. Its »ullin~ wower is thus reduced. 3ince sodium carbonate
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is someviat less soluble than rotassium crnloride, it continues to
profuce 2 3aturaied solution For & lonzer len~th of time and
exerts 1its pullin~ povier lonrer wiieh sz22m: in accord with the
facts,

“nhe influence of texture seemns ne~li-ible, in most
cases. “he moisturzs used and commared are rou~nly, multiples

of t-

O]

oririnal wy-roscopiec moicure found. r exarwle, the air
¢ry sand heldl about 0.25., of wuter, wiile air <ry silt losm had
about 1.2, moisture. The next tanle =~ives sand wiilh an averzace

of 0.58,0 or rou"rly two times t:isg ecir ¢ry watler conteat. In

Teble II, silt loam ras sgbout 2.9 moisture on the avercte, wiich
is avcia espnroximately two tiwmes tiie first moisture content. “his
mair bz cerried on wit: other tebles, but briefly it shows tlhat
proporiional amounts ol free water were supplied in nearly every
cisee “his may exrlain why prorortional salt movements were
obtained.

r~a

The ~rester sctivity o7 cotessium cnloride is probably
due to two properties in wnich it surpasses sodium carbonate. It

4

is more raufily soludble in water, and has a ~reatlsr coludility
proluct. +~lso its ions wos:@ss:z ~rzalor mobility. The solubiltity
of potassium chloride in water is 25.4 ~rams in 100 -rams of
solution at 20°C, w-1le undar the same conditions sodium carbon-
ate solution contains only 17.7 zrens per 100 ~rams of solution.
“he mobility of the potassium ion is <iven by Zohlraush as 2.056
wnile the mobility of the =odium ion is 1l.26 at 1800 The mobility
of th2 chlorine ion iz 2.12, w-ilc that of trne carbonete ion is
1.89. 7Totzl molacular mobility for potassium cnloride is then

4,17, vhile for sodium carbouats it ic ouly 3.15.



I. bs The Tffect of an already present salt upon the rate and

amount of movement of 1,50 potassium chloride.

llethod.- Brass tubes 1% inches in diameter were employed in this
ssries and were made in three sections. 7“he center portion was
about two inches lon< and joined at both ends to scctions each
ei~ht inches lonz, b means of couplinss. These ware set up as
follows: The center or short division wes filled with the soil
made up with a salt solution to the desired moisture content.
Solutions were used,.so thet 1 gram of salt was present in every
100 grams of salt treated soil. One lons section of tubing was
then screwed on, and filled with soil moisfened with distilled
water to the scme moisture content as the salt layer. “he third
portion was then fastened on to the opposite end of the salt layer
and also filled with moist soil, Rubber stoppers were used to
close each end, and the couplinss in the center wzre paraffined
to prevent loss of moisture. Some of the soil, into which the
salt was to diffuse, was treaied with 1l ca2lcium ctrbonete, which
is equivalent to 10 tons of limestone per acre six inches. The
complete series then cdntained a tube with limed znd one with
unlimed soil otherwise but received, the same treatment.

After allowins these tubes to stand for 10 and 20 day
periods resp~ctively at a constant temperature of 18°C, sam~les
were taken in a similar manner as described in the first section
of this paper. Both moisture contents and freezing point lowerincs

were determined for two soils, a medium s=nd cnd silt loam.



The data obtained from the addition of 1} potassium
cnloride are contained in TablesVIf:‘wgﬁ 8ilt loam there were
no moisture movements from one rezion to ths other, but striking
differences mey be seen in the salt translocation. After 10
days an increase in the concentration was detected in the fourth
inch from the salt layer, in limed soil, while, movement only to
the s=cond inch could be found in the unlimed soil. At the end
of twenty days, the s3lt was at the end in both tubes but & =~reater
concentration was noted in the case of tre limed soil. ‘'hese
effects are nearly nexli~ible in the case of sand, and no increase
worthy of consideration was obtained from the use of limed soil.
/e must conclude then that with potassium chloride, liminz ine
crzas~3 the rate of translocation in this p¢urticular fine textured
soil, but has little eftfect in ths coarse textured one.

If one considers the "substitution of beses" thzory in
this connection, some 1lisht is thrown upon the »roblem. :s'or, when
8 salt solution is placed in contact with a soil reactions take
vlace and if the resulting solution be analyzed it would probably
not be the seme as the one added. They, when a Salf is detected
three inches away in a colwuun of soil, it 1is noct tﬁe orizinal salt.
Chanze of bsses and absorption moske it immossible to determine
what the salt solution is, and all that can be said is that an
increased concentration was found. In the present instance, the
potassium ion is probaobly ebsorbed, and celeium liberasted to take
its place. And so, in a so0il with an abundant supprly of celcium
comrounds it seems that a much ~roater ease of =substitution would
be possible, and the greater activity resultins would explain why

limed so0il shows hizher concentrations at =zreater distances from

the s=21t deposite
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I. ce The e7lz2cte ¢ ¢ir €recas in soill uron Lhre rovereant of

4

moisture Trom woiler treated to szlt trosted soilse.

lletrod.- Brecss tutes of two rortions, ouly, wore wied in ihis
series, = short two inchn section for cslt tossted goil, &ad a
lon~er ei~it inch secction for water noistened soil. “he selt
trested ©0il conteined 1,5 poimssium chloride siud wau made up to
tre sane noiczture content ts the so0il with vater alone. Jor

cach vater content trhere wus provided a tube with the s<1t trest-
ed &nd wvatler treaited soils in'contﬂct, end cnotier tube, in vrich

tre two comvonents of tre cystem vore scercrated by zbout a  inch

(@]

a2lr cnace.s After ctorius at 1800 for int-rvals ¢ o, 1lu, eud &
days, tre tubes vers telzen cown in one ivich seetions, &nd dried,
Loicture cetermincstions were made on all scctions eii? freezing
roint cetermirnations run in & few in:tences &z a creck. There
vere no salt moverments of course in the tvtes vith air zp:ces,
but 1he usuel movenient tooll vrlece in tre contact tubes. Lhe

moistivre coutents zlone :ave becn riven and are found in -ble

1% .

“here was & Tairly ra~id distillation of varor scrocs
the ¢ir srace in sénd, &t both moisiure contents, and tre amount
that onssed ecross incre: sed with the time w:.ici tre lubes viere
allowed to ctrnde sSut a2t the end of 25 dars, the meximum anount
of vapor that could paszs over rad not doue £o, cud it 1s prou-ble
that the wetler would continue to cdllect in the s'1t leyer uatil

-

free water is formed, vhich would tren flow bacit &S & stirerme



27.

In tubes with the salt in coutszet with the soil, thore was no
movement of woter viiizrh could be detected.s It misht he su-~ezted
however, lrhat a moverent of vanor toolr nl=ce bestween the two
comnonents, o2s b~Iore, butl the inersgse in trhe sclt la.er, due to
the condens: tion of ire vupor, virs lz.ten cere of by the continuity
of the carill: ry watzr, »°ich wouvld allov  rexnd ju-tnent a- soon
as one rart of the svstem Leld more witer trea anotrer. As a
consesu-nce tren there vas vrovenly a strean of vs-or passing

from tie watler solution to the sclt solution wit!: its ri-h surfece
tension, in bhoth cases., Zut with &n air sy ce, in one cese, Lhere
~s no cnence for a readjustmant of the film, end so a siendy in-
cresse vos recorded. In the other cose, 83 was exrnlzined =2bove,
tre rocdjucstunent thru the entire column waz vossible. “his in Tact
may cxolsin th2 prenomena.

It is worthy of note, that in t e work of Bouyoucos(1l0)
upon tre effect of teuperature in ceusiny moisture to pa.'s scross
this 2ir enuce, there were only insienificent movements recorded
even between amplitudes of temmerature of 409C, It ics then
rrincrily cdue, in the present instance, io the rressure of & salt
solution in one component cf the system, wnich rrovidec for a
hi~rer surface tension, and a lowar venmor pressure. -hnis in-
equelity then sterts the movement of vapor from & roint of hish

pressure to one of low pressuree.
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IT, The Zffect of Ternverature upon the rate of movement of

salt in soil.

Method- Brass tubes of two sections,similar to those de-
scribed in part three of the first section of this thesis,
were used to meke the temperature studies. The short section
contsined soil with 1, votassium chloride in solution, end
wes at the same moisture content &s the soil placed in the
long section which was moistened with water alone. The tubes
were sealed with rubber stoppers at each end, and kept at
temperatures of Oo, 15° end 65°C recpectively, for ten days.
Sarpliny was performed as usual and both moisture and freez-
ing point determinastions,made. The tzsmpersture of OOC, was
meinteined by racking the tubes in a beth of melting ice.

A thermosraph attached, showed that very small fluctuations
occured. Another series of tubes were immersed in & water
bath, which remained more nearly at 15°C, than could have
been vossible in the case of an air chamber. The hish tem-
parature of 65°C, was maintained in an electric dryins oven,
vith a part of the heating coils removed. Two tubes, of
each moisture content vere emploved, to ~uard azainst loss

from leaks or otherwise.

The data given in ''shle X are resuler in their
trend, ond cstablish the faect thaet hisher temreratures in-
crease the activity of salt movement. "here vere no note-
worthy movemesnts of moisture. At the temmerature of meltius
ice, the moverent of salt wes very sli~ht, and in no case,

was detected more than one inch from the deposit. In com-
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parison with this, the szlt movea two anc often three inches
outward at the temverature of 15°C. loreover, & larger
cuvantity of salt was distributed at this temperature since
grecater derressions vere obtained. At 65°C, 8 temmerature
about four times as high as the precedin~, a creat incresse
in rate and amount of salt moved, was observed., Under these
conditions of temperature the potassium chloride moved the
entire lenzth of the columns. There were small differences
in concentretion o0i corresponding layers of silt loam and
sand. XYowever, sand showsd & tendency to move a greater
amount of soluble meterisl. It was believed possible then
to almost eliminate factors of texture and moisture content,
by the use of commaratively hizh temweratures.

A consideration of trese facts, with relation to
physical chemistry has led to these hyrotheses. - (1) Since
the speed of & chemical reaction is increased by the arpli-
cetion of heat, and increases in activity have occurred in
goils treated with salt solutions, when hirher temrenctures
were used, it appecrs reasonsble to velieve that the move-
ment of salts thru soil may have been due in part to chem-
ical vroc=sses. (2) Incresses in the rate of physical
diffusion are also obtained under incereased tempwerstures,
hence there may have been increases in rates of s»1t trans-
locations, as a direct effesct of physical procescses.

Due, then, to = lack of available dats concerning
relative rates of action of the chemical and rhisical
processes respectively, definite treories cannot ve ad-
vanced at this time. The difficulty in obtzinin~ these

data is made ~rezter by the fect that such & lerze nunber



of reactions may be in prorress at one time which produce
a resultant of resctions, not easily resolved into its
components. or insteance, vwhile potessium is beins re-
plaeced in the soluvution by calcium there is undoubtedly also
a replecement of potassium by me~nesium as well, occurring
at the same time. The rete of reaction bestween votaessium
and calcium, bein-- different the velocity of the action
between rotassium and macnesium, males the determination
of the amount of the orizinal element active in each cese,
impossible.

“herefore, the exnlanation of the movements was

left as a generasl idea of physiceo-chemical relations>ips.



III. The effect of different degrees of Compaction upon

the movement of & Zoluble 52l1t, as Potassium chloride.

Method- Glass cylinders, similar to those used in the

first series of moisture experiments,were filled with silt
loam at 10/ and 20% moisture respectively and with sand

gt 3 and 9,> water contents. In each tube near the center
was placed & 50 grem portion of soil treated with 1o
potassium crloride. The tubes which were compocted held

500 zrems of sand, the apparent specific gr=vity beinc .37
and 450 grams of silt loam with avparent snecific zravity

of /.23 resp=ctively, while the tubes which were not com-
pacted held 400 srams of sand, the apnarent specifie

xravity beinT, - 23 and 400 crcms of silt logm, with
apparent specific zravity ot /40O in each respective case.

The compaction required in the fifst instance was apopreciable
while scarcely more than cspreading sabout, wes necessary'in
the loosely filled tubes. After sealin~, with paraffin, the
series was placed away at constant tempersture of 18°C for
ten days. ZSamnles were then procured in the usual menner,
and moisture contents and freezinz point lowerings determined.

““he results are ¢iven in teble <L






The Effect ¢

of 1,0 Potacss

Inches | 53

from At i Loisture:

salt isreezinf.olsture

Layer |-oint Content
Loverinr

3 0.715  17.84

2 070 17,10

1 . .180 | 17.00

0 0240 | 17.00

1 i <160 | 15.96

2 r .110 l 17.21

3 | .054 E 17.40 |

4 | .040 | 17.50 f
! i

3 : 0.040 ' 17.20 |

2 . .080  17.41

1 | .200  17.30

0 ' .290 ' 17.95

1 170 17.35

2 .080  17.50

3 .020 17.50

4 ' .010  17.48

cdate

low

ained

)il,

AW=-

taie

lear-

tl

ise






It is very noticeable in the case of silt loam,
that trere were no moisture movements in any tubes. The date
show in controst a tendency on tre part of the sand to allow
its moisture to collect in the lower layers of so0il in all
but one set of tubes. Lhis tendency can scurcely be exnlained
since the vreceding reosults in many cases show that there
is no free water 2t these moisture contents. Inasmuch, as
the salt movements in trese instances.were stronger upvard,
susricions pointed to an escave of moisture from the top,
rather than translocation of water downward. However, the
varivtions wore snall,

The comperison of the distance and the amount of
salt withdrawvn to the outer layers in looce &nd compact soil,
gihowed small differences. “here vere no appreciable advant-
e-es shown in any inztances by the compact soil. The results
were especially uniorm when hizh moisture contents were used,
end the trend of the deta &= & whole, would not vermit draw-
ing conelusions in favor of compacting the soil to facilitate
salt movenents.

It wes thousht probable that under conditions of
low moisture, the differences in movement mi~ht be more clear-
ly seen, since the difficulties for contact in a loose soil
would surely be greater then those in a compact one. 4his
lock of contact was »roobebly not a limitia=x factor at the
moisture contents used. further investiration of this phase

Sseems desirable.



>t

Additional Remarks

It as stated at the beginning of the paper, the
results ol this investizastion are incomplete in many respects,
and merely are a means of openirg up new fields of thought
and reseerch., During the pro~ress of the work, several
thoushts, with re~ard to salt movements, have occured, which
seen important. The relation of temperature to the rate of
salt translocation under different conditions of moisture end
texture and with various sealts involves much study and re-
search for its solution.

Further study of the vepor movements into salt treat-
ed soils could be made, and micht find practical application
in the arid, alkall sections of the /est and southwest. [ield
studies of the behavior of many salts uncer varied conditions
of moisture, climate and texture would be extremely interest-
ing, and would be an excellent correlation to laborstory deta.
The relation between an already present salt, and the moving
salt is not fully woried out. Qualitative determinations
concerning rates of chemical and nrysical reactions bctween
soil and salt solutions, might prove & mesns of explaining
tie translocations observed in the work. As the work pro-
sresses, more ideas occur, anc¢ it seems almost impossible to

investizate many interesting precses.



Summary &snd Bonclusions

The results and conclusions of the work as far as
completed, mey be sumnarized es follows:-

l. Soils wit» only the so-called hyoroscopic moisture
content ere inastive with regard to salt and moisture movements.

2. The rate of both salt and weter translocations in-
creaegses with greater moisture contents to a certain maximum
point, after which other additions ot moisture have little
effact. The point of meximum movement under the conditions of
this experiment for sond is at sbout 3,5 water, and for silt
loam annrroximately 10..

3. The influence of texture wes not found imvortant
in this sericse.

4. Differences in mobility of two sults, nanmely,
potassium chloride and sodium carbonate, were found, the
former beinz more active in 21l cases. Z“his was thought to
be mainly due to variations in solubilities and mopility of
ions.

5. A substance such as limeszone, was found to en-
hance the movement of votassium chloride thru soil. =“he ex-
vlanation of this probapbly liss in tne increased ease of sub-
stitution macde vossible by an ex€ess of soluble calcium,
available for the reaction.

6. There was & marked moverment of vapor across an
eir space between a moist salt treaeted soil, =2nd & moist soil,
with no treatment. This distillation of moisture is made
possible by the lowered vepor pressure of the selt treated

component.






7« Pulling vover of a sslt treated soil for water
in 2 s0lid column may be explained by the increased surface
tension of a scturated salt solution.

8¢ Ureater selt movements are obtained under rising
temperstures. At 0°C nezli~ible movement occurred whrile at
659C vivorous activity wes observed. ‘his prenomenon wes
provebly ceaused by either prrsical or chemical azencies or a
combhbinantion of the two.

9, vVaristions of 10,» to 15, in comveaction had little
eifect upon movemenis of salt or moisture under the conditions
of these exnerimentis. Lhe comnarztively high moistures employ-
ed nrobably mimimize the variations.

10, Solid s=z1lts brcome discolved &né move with as
much reecdiness gs solutions of the salts acded directly.

11, It is believed thut, substitution of bases,
absorption, reaction, and v&por pressure are vitally concarned

ia the movem-nts studied,
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