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MOVEMENT OF SOLUBLE SALTS THROUGH SOILS
By M. M. MCCOOL, Professor of Soils, and L. C. WRESTING, Instructor in Soils, Michigan A gricu1tura1 Experiment Station

INTRODUCTION

That there is a tendency for soluble materials to be distributed from
regions of high to those of lower concentration in moist soils is to be'
expected from our knowledge of the phenomenon of diffusion. 'Moreover,. it is generally recognized that the translocation is affected by
moisture. One of us (McCool), while conducting soil cultural studies,
has repeatedly observed that certain soluble salts when added to soils
soon accumulate at or near the surface unless loss of water by evaporation
is prevented. Moreover, it has recently been shown in our laboratories
that the actual concentration of the soil solution induced by the addition
of single salts required to inbibit the growth of higher plants, as well as
to retard certain bacteriological activities in the soil, varies appreciably
with different soils, which, of course, is to be predicted when we take
cognizance of the exchange of bases that may result when salts are added
to the soil, as reported by numerous investigators. Thus, during the progress of our researches on the concentration of the soil solution and
related subjects several questions with respect to the movement of
soluble salts in soils, as well as changes in the composition of the soil
solution resulting from the addition of various substances, have' arisen.
Although reports concerning certain phases of the subject have been
obtained, a critical examination of available literature has led to the
conclusion that additional well-controlled experiments under both
laboratory and field conditions are desirable. On account of the fundamental importance of this subject, the present status of the researches
bearing upon it, and certain improved methods, it is being exhaustively
investigated in our laboratories, as well as under field conditions. In
this report, however, are presented results of some of our laboratory
studies of the translocation of certain salts when added in varying
amounts to soils of different texture and water contents, together with
changes induced in the composition of the soil solution.
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REVIEW OF LITERATUR.E

Muntz and Gaudechon,l several years ago conducted extensive experiments to determine the extent of the movement of sodium nitrate
and potassium chlorid in soils, losses of water by evaporation being
prevented. When crystals of sodium nitrate or potassium chIorid were
placed in a light silicious soil of low water content, the soil containing
the salt crystals gradually became moist at the expense of the surrounding soil. Mter eight days the changes in the water content of the soil
receiving sodium nitrate were found to be as follows:
~
Effect of salt on water movement in the soil
Per cent

Water content of soil when placed in container.... . . . .. .. . . .. .. .
Water content of soil containing a salt after 8 days. · . . . . . . . . . . . .
Water content of surrounding soil after 8 days. . . .

3.2

7· 3
2.6

Moreover, seed were placed in the salted layer of soil and also in the
surrounding mass. Germination was retarded in the one region by the
high concentration of the soil solution, and in the other by lack of moisture. These authors maintain that when salt is added to a homogeneous
mass of soil two systems result: One in which the vapor pressure is high
and the other in which it is lower. As a result distillation of water takes
place from the one to the other.
Analyses of samples of the soil taken at different distances from the
point of application of the salts revealed that the movement of the same
was negligible, even after 15 days. In another experiment a garden
soil which contained 17:4 percent of water, spoken of as being quite
moist, was also used as the medium. Under these conditions the distillation of water vapor did not take place; neither was the movement
of the salts detected, 20 mm. from the point in which they were placed
in the soil mass.
The extent of the vertical movement was determined by half filling
a box 40 em. high and I I em. thick with light soil containing 16 per cent
of water, depositing 5 gmt of sodium nitrate, and then filling the box
with the soil. The loss of water by evaporation was prevented. After
three days samples were taken and the nitrate content was detennined.
Movement of the salt had not proceeded through a distance of 40 mm.
Similar results were obtained with a soil somewhat more moist where
determinations of the nitrate content were made six days after the
experiment was set up.
Two glazed pots were filled with a sandy clay soil; one was gently"
and the other heavily, compacted. Two gmt of powdered potassium
chlorid were placed in the center of each, 15 mm. below the surface.
Movement of the salt was found to have taken place to a slightly greater
1 MUNTZ, and GAUDSCHON, H. D~ LA DIF'USSION DSS
Agron., s. 3, annp 4. t. I, no. 5, p. 37~4II, 30 fig. 1909.
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extent through the compacted soil, but even aft~r ,one month it had not
moved through a distance of 6 em. Additional experiments with heavily
compacted soils yielded data which show that compaction increases
the movement somewhat; but even in heavily compacted soils the horizontal, as well as the vertical, movement is quite slow.
These authors also failed to detect more than a slight movement of
salts, other than that induced by the percolation of water when soils to
which were added the salts were exposed to 15.5 mm. of rain, or to which
was applied water equal in amount to a rather heavy precipitation.
, These authors conclude, as a result of their extensive studies, that
certain fertilizer salts when placed in rather dry soils take up water
from the surrounding soil and long remain localized in the humid area.
As a result of this condition, seeds may not genninate; but this could
be avoided by fertilizing and seeding at different intervals. When the'
soils are somewhat moist, the water movement does not take place;
but, on the other'hand, even in moist soils, the salts diffuse exceedingly
slowly, on account of the discontinuity of the soil mass. Heavy compaction aids this ~ovement, inasmuch as more particles are brought into
intimate contact; yet in a very compacted soil the movement is slower
than it is in free liquid. When salts are applied to soils under field conditions, they remain localized for long periods, although the rainfall
may be appreciable.
Malpeaux and Lefort 1 report results of investigations of the movement of nitrates itt a sandy and loam soil, respectively, under laboratory
conditions. The soils were placed in tightly compacted wooden boxes"
about 50 em. deep. In some cases the· nitrates were placed in furrows·
in the soil, while in others the salt was deposited in holes made 3 em.
deep in the center of the boxe$. It was found necessary to spray the
soil with water several times during the experiment in order to replace,
that lost by evaporation. Samples of soil were taken at 5, 10, and 15
em., distances both horizontally and vertically downward from the place:
of application of the nitrates. The authors bring out that the move-,
ment of salt by diffusion, either horizontally or vertically downward, is:
indeed slow. It seems that the translocation of the salts must have:
been 'affected by the movement of the water originally present in the'
soil, and by that added to it, from time to time, as evidenced by results,
of the next series.
Another series of experiments was carried on under field conditions.
On July 13 nitrates were deposited 25, 50, 75, and 100 em. from the
surface of a loam soil. Samples were taken 8 em. from the surface on
July 24, August 13, and August 25, respectively, and the nitrates determined. The results obtained reveal that nitrates move upward quite
rapidly, having traveled 40 em. from the place of deposit after 3 1
and LE~ORT. G. I,A CIRCULA,1'ION DES NITRATES DANS LS SOL.
t. 2 no. 4. p. 241-258. 8 fig. 1912.

1 MAI,PJ;:AUX t 1,.•

s. 4. ann.

I,

t
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days. Between August 2S and October 2S, 5.45 inches of °rain fell. On
October 2S samples of soil were taken at 10 cm. intervals from the
surface to 100 em. in depth. The nitrates were found to have been
retum~d to lower levels by the rain water, but on the whole they were
nearer the surface at the end of the period than they were at the
beginning, the total rainfall amounting to 7.92 inches. These authors
point out that nitrates would bring better results in many cases if they
were turned under or applied very early in the season.
They 1 later continued the field experiments and studied the movements of nitrates in the soil by sampling and determining the nitrates
present, and also by employing the sugar beet as the indicator. The
previous field experiments were confirmed. The deep application of the
. nitrates afforded higher yields of beets than if they were placed nearer
the surface.
Demolon and Brouet 2 consider that the mode of application of fertilizers should vary with the nature of the soil and with the cultural methods
in vogue. In some
cases part of the
rna terial should
be applied in the
autumn and the
remainder in the

I

_

mI

I

iii I I

I

•

spring when the
seed bed is being
prepared, and in others surface applications are desirable, and in still others
plowing under is best. They maintain that salts have a general ten..
deney to remain at the surface of the soil, rather large amounts of rain
being required to carry nitrates into the subsoil.
There are on record results of numerous studies of the translocation
of salts in soils induced by percolating water, Sharps having made re-cent contributions. Jensen 4 has also shown that the solubility of certain inorganic constituents of the soil mass are increased by the presence
of decaying organic matter; but, inasmuch as these do not bear directly
upon our preliminary investigations, they are not considered at this time.
FIG.

I

,-Apparatus used in studying the movement of salts through soils.

EXPERIMENTAL RESULTS

Usually brass tubes I,U inches in diameter were employed as the
containers in studying the movement of soluble salts in the soil, but
in some of the early series glass cylinders 8 inches in length and 2 inches
1 :M~PSAUX, L., and LSFOR'l', G. LA. CIRCUI,ATION DgS NITRATgS DANS I,S SOL; ~SUR MODS D'SMPLOI.
In Ann. Sci. Agron., s. 4, ann. 2, t. 2, no. 6, p. 705-726, 2 fig. Z9 1 3·
2 DSHOLON. A., and BROUST, G. SUR LA PBNE'l"RATION D~S SNGRAIS SOLUBLES DANS LES SOLS. In
Ann. Sci. Agron., s. 3, ann. 6, t. 2, no. 6, p. 40I-418, 2 fig. I9II.
• 8 SHARP. L. T. PUNDAMEN'1'~ INTSRRltLATIONSBIPS BSTWE~N CERTAIN SOLUBLS SALTS AND SOIL COLLOIDS. In Univ. Cal. Pub. Agr. Sci.• v. I, no. 10, p. 291-339.3 fig. 19 16.
4, JSNSICN, C. A.
EFFECT OF DECOMPOSING ORGANIC MATTER ON THE SOLUBILITY OIl' CERTAIN INORGANIC
CONSTITUENTS OF TIm Son,. In Jour. Agr. Research. v. 9, no. S;op. 253-268. 19 1 7.
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in diameter were used. As illustrated by figure I, each of the brass
containers was made up of three sections, the short central portions
being 2 inches and each of the longer ones 8 inches in length. In setting
up the series the short tubes were filled with the soil which had been
treated with a definite amount of salt, the longer tub~s joined to them,
and then carefully filled with the moist untreated soil. The water
content of the entire soil column was as nearly unifonn throughout as
could be made by careful mixing and screening. Mter the tubes were
filled they were carefully sealed, unless otherwise. specified, and then
placed in a closed chamber, the temperature of which was maintained
constant at 18° C. At the close of each period the tubes were unsealed;
cross sections of the soil were removed by means of a spatula, dried,
cooled in a desiccator, and carefully mixed; then the freezing-point
lowering was detennined in the usual manner.
MOVEMENT OF SOLUBLE SALTS THROUGH FINE-TEXTURED SOILS'

In the first series of experiments the changes induced in the concentration of a rather heavy silt-loam-soil solution by the addition of sodium
chlorid were studied. Water to the extent of 50 per cent of the oven·
dry weight of the soil was added when the depressions of the freezingpoint lowerings were determined. The results presented in Table I
are quite striking, changes in the concentration of the soil solution
being measurable 3 inches from the soil mass treated with I per cent
sodium chlorid in solution, after seven days, and 2 inches from that
receiving 0.1 of I per cent of the salt solution. Fifteen days after the
treatment it is worthy to note that the concentration of the soil solution
showed an increase throughout the tubes which had been treated with
the larger amounts of sodium chlorid; but, on the other hand, changes
induced in the soil which had received a more dilute salt solution were
less striking. Under the above conditions the rate of salt movement
becomes more rapid with an increase in the mass of salt added to the soil.
TABLE

I.-Changes in the concentration of the soil solution induced by the addition of
sodium chlorid to a heavy silt loam
Freezing-point lowerings.

Distance from
salt layer.

After 7 days.
I per
cent
NaCl.

After

per
cent
NaCl.

IS

I per
cent
NaCl.

0.1

days.

Freezing-point lowerings.
Distance from
salt layer.

per
cent
NaCI.

0.1

After 5 days.
• per
cent
NaCl.

After IS days.

10.1centper
NaCl.

I per
cent
NaCl.

per
cent
NaCl.

0.1

---Inches.

Inches.
0.000 0. 02 5
.000
.040
.006
• 080
.010 • 0<)0
• lOS

4·········· . 0.000

3· .......... .003
2 . . . . . . . . " .. .045
I ...........

0 . . . . . . . . . . "j .116

.OIS

·09S
I

0.000
• 000
• 010
.020

• 010

I . . . . . . . . . . . . O. 100 0.012
2" . " " . " ••••••

• 045

3""·"······· .
4···"······· .

.003
• 000

•••••

• 000
.000

0.075
ill

.°5°
• 035
.020

0. 01 3

· 005
.000
.000
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In the next series of experiments another but lighter silt loam was
used as the medium for studying the changes brought about in the concentration of the soil solution in the soil by the addition of sodium
chlorid, 0.5 per cent of the salt was added in solution to 100 gm. of the
soil, glass tubes being employed as the containers. An additional feature,
notably the effect of different water contents upon the rate of change
in the concentration of the soil solution, was included in this series.
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FIG. 2.-Graph of the freezing-point-lowerings after 5 days. induced by the addition of
potassium chlorid to silt loam with 20 per cent of moisture.

2

per cent of

According to data presented in Table II, an increase in the concentration
2 inches from the salt layer after 5
days, becoming more apparent after 10 days; and at the close of the 20day period the movement of the soluble material had taken place throughout the soil column. An examination of these data also reveals that the
rate of movement through the soil containing 20 per cent of water wars
somewhat more rapid than it was thrdUgh the soil which contained 10
per cent of water.
of the soil solution was measurable
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TABL£

II.-ehanges in the concentration of the soil solution induced by the addition of
0.5 per cent of sodium chlorid to a light silt loam
Freezing-point lowerings.

Distance
from
salt
layer.

537

After 5 days. After

10

Freezing-point lowerings.

days. After 20 days.

per 20 per 10 per 20 per 10 per 20 per
cent cent cent cent cent cent
of
of
of
of
of
of
water. water. water. water. water. water.
10

- --Inches.

Distance
from
salfi
layer'.

After 5 days. After 10 days. After 20 days.
loper 20 per 10 per 20 per 10 per 20 per
cent cent cent cent cent cent
of
of
of
of
of
of
water. water. watre. water. water. water.

- - - - - - -- - - - - - - - I - - - - - - - -Inches.

3· .. ~ ..

0.000 0.0000.000 0.000 0.022 0.

2 •....•
I .....•
0 •.....

..... ..... ...... ..... ..... .....

100
. 010 • °40 .05° .13° .168 .160
• 390 • 350 • 170 .160 .42 2 .23 0

0.43 0 0.3 80 0·39° 0·35° 0.4800.260
.010 . 110 . °4° .13° • 185 • 180
3· ....• .000 .020 .000 .010 .046 .07°
.020
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FIG.

3.-Graph of the freezing-point-lowerings after 10 days, induced by the addition of
potassium chlorid to silt loam with 20 per cent of :moisture.

2

per cent of

Potassium chlorid in solution amounting to 2 per cent of the treated
layer of soil was added to the silt loam and the changes induced in the
concentration of the soil solution in the soil were determined in the usual
manner. The soil contained 20 per cent of water. The results obtained
at the end of 5 and 10 day periods, respectively, are presented in Table
III, and graphically shown in figures 2 and 3. Again changes in the con-

] ournal

0

f
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centration of the soil solution in the soil were measurable in the second
layers of soil after 5 days, and at the end of 10 days movement had taken
place throughout the soil mass in one case and to the third section in
another.
IlL-Changes in concentration of the soil solution induced by the addition of 2
per cent of potassium chlorid to a silt loam with 20 per cent of water

TABLE

Freezing-point lower-

Freezing-point tower-

ings.

ings.

Distance from salt layer.

Distance from salt layer.
days.

5

10 days.

5 days.

days.

Inches.

Inches.

4···
3

10

.

0.000
.018

0 .•••...•.••........

O·93~

.0.840

I .........••...•....

2 ..•..•••••••••••...

.980
r. 100

· 435
.135
.05°

0 .•..............•..•
0 .•..................

.07°
· 42 5

· 360

'0, ••••••••••

0.000
.000
• 01 5
.290

.7 20
• 82 5

0

•••••••••••

2 •••••••••.•....•••••
I .•.....

3·················· .
4·····

.

.012
.000
.000

.010

MOVEMENT OF SOLUBLE SALTS THROUGH COARSE-TEXTURED SOILS

After having proved conclusively that an appreciable movement of
salts from regions of greater to those of lesser concentration take place
in fine-textured soils, it was considered advisable to continue the studies
with coarse-textured materials. Accordingly a coarse grade (No. I)
of quartz sand was treated with 0.45 per cent of sodium chlorid, and the
changes in the concentration in the various layers resulting from the
treatment after 5-, 10-, and 20-day periods, respectively, were determined in the usual manner. In this series glass containers were employed, but instead of being placed in a horizontal position they were
stood upright in the chamber. The results giv~n in Table IV reveal
that the upper movement after 5 days reached the first inch of soil and
had progressed downward into the' second inch. After 10 days the
concentration of the solution was slightly greater in these sections than
at the end of the previous period, and after 10 days' movement had
progressed I inch farther in each direction. The more rapid downward
movement, it seems, may be accounted for by the downward movement of water, inasmuch as 3 per cent approaches the maximum film
capacity of this material.
IV.-ehanges in the concentration of the soil solution induced by the addition
of 0.45 per cent of sodium chlorid to a coarse quartz sand with 3 per cent of water

TABLn

Freezing-point lowerings.
Distance from salt
, layer.
5 days.

10

days.

20

days.

Freezing-point lowerings.

Distance from salt
layer.

5 days.

10

days.

20

days.

---11'-------1--- - - - - - Inches.

4. . . . . . . . . . . . . . .. o. 000
3 ................• 000
2. . . . . .. . • . . • . • . .
I. . . . . . . . . . . . . . ..

o

.000
• 020
0

o. 000
.000
.000
• 040

Inches.
O. 000
.000

.005
• 015

••••••••••••••••••

I •..•....•......

2...............
3...............
4...............

0.140
.060
000

·

.'000

O. 130
. °7 0
.000
.000

5

0. 01
.020
.010
.000
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A fine grade of quartz was next employed, the material used being that
which passed through a 4o-mm. sieve. The salt used was I per cent
potassium chlorid. The results presented in Table V show that the salt
movement through this rather inert material is appreciable-that is,
under the conditions of the experiment. The rate of translocation is
more rapid than in the coarser material, probably on account of the
greater number of points of contact in the fine quartz.
TABL~ V.-Changes in the concentration of the soil solution induced by the
I per cent of potassium chlorid to a fine quartz sand containing 5 per cent

Freezing-point
lowerings after
10 days.

Distance from salt layer. ~

Freezing-point
lowerings after
10 days.

Distance from salt layer.

Inches.

addition of
of water

Inches.

4···········
.
3························· .
:2

'j

0.000

I

.

. 0°9
.075

0

.

0·335
I. 025

In the next and elaborate series a medium sandy soil was employed
as the indicator. The effect of the mass of sodium chlorid added, as well
as the water content upon the movement of salts in the soil, was studied.
The data summarized in Table VI reveal that even within five days the
concentration of the soil solution in the soil, which contained 3 per cent
of water, was measureable in the second inch from the treated layer, and
after 10 days in the third inch, and at the end of 20 days' movement was
found to have progressed 4 inches. Where the water content of the soil
was 9 per cent, the distance of movement was consistently greater at
the end of each period, and it is notable that after 20 days the concentration of the soil solution in the last, or fifth,· inch of soil, was comparatively great, or there seems to be a tendency under these and similar
conditions toward a uniform concentration of the soil solution throughout
the column of soil. Indeed, several preliminary experiments, which were
continued about 75 days, showed this to be the case. Inasmuch as this
phase of the subject is to be reported upon in detai11ater, these data are
omitted.
TABLE

VI.-changes in the concentration of the soil solution induced by the addition of
I per cent of sodium chlorid to a medium sand
Freezing-point lowerings.

Freezing-point lowerings.
Distance
from
salt
layer.

I
3

per cent of water.
5

10

20

9 per cent of water.

5

10

days. days. days. days. days.

Distance
from
salt
layer.

3

per cent of water.

per cent of water.

I

5

20

9

10

:20

5

10

20

days. days. days. days. days. days.

days.

-- - - - - - - - - - - - - - - - - - - - - - - - - - - Inches.

Inches.

5····· . 0.000 0.000 0.000 0.000 0.005 O.OIO 0 ...... 0.23 0 0.400 0.239 0.295 0·395 0. 21 4
4····· . .000 .000 .007 .000 .010 .010 I ...... • 130 .250 .160 .100 • 155 • 194
3····· . .000 .010 • °33 .000 • 01 5 • 020 2 ...... .010 .07° • 06 5 • 01 5 • 02 5 • I49
2 ...... • 005 .080 • °98 .005 • 055
· °34 3····· . .000 • 01 5 • 004 . ..... • 01 7 .039
.126 4····· . .000 .000 .002 • 00$ • 010 • 02 9
I ...... • I80 .3 20 • 183 • 20 5 .2:25
0 ...... .210 .3 60 • 259 ·445 • 245
.148 5····· . .000 .000 .000 .000 • 005 .0 1 4
.162
0 ...... .25° • 37 0 .3 16 · 5°5 .40 5
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In another series, reported in, Table VII, o. I per cent of sodium chlorid
in solution was added to a portion of the medium sand, in order to determine if the mass of salt present affects the rate of salt movement through
sandy soil. It is obvious, from a comparison of the data with those in
Table VI, that the movement becomes somewhat less rapid with the de
crease in the amount of salt added to the soil. After 5 days the concen..
tration of the soil solution in the first inch of soil was far less than it was
in the previous series, and at the end of 10 days the increase in concentration of the soil solution was measurable in the second inch, whereas in the
previous series the concentration had increased 5 inches from the salt
layer.
T ABLS VII.-Ghanges in the concentration of the soil solution induced by the addition of
O.I per cent of sodium chlorid to a medium sand
Freezing-point
lowerings.

Distance from salt
layer.

5 days.

10

days.

5 days.

IncJus.

10

days.

Inches.

4················· .

3·

Freezing-point
lowerings.

Distance from salt
layer.

0.000

.

·900

2 •••••••••.••......

.000

I •.................
0 •.•••.•.•.•.•...•.
0 ............•.....

· 08 S

0.000
.000
.018
.020

• 02 5

.060

.080

.140

0

.

O. 130

0.080

I

.

.018
.000
.000
.000

• 02 5
.010

2 .••.....•.......•••

3·················· .
4·················· .

.000
.000

Potassium chlorid was added to the medium sand, and the changes in
the concentration of the soil solution in the soil were likewise determined
after 5 and 10 days, respectively. The middle section of the brass tubes
were :filled with soil which had previously been treated with 0.9 per cent
of the salt in solution, the moisture content of the entire soil column
being 9 per cent. It is notable from Table VIII, and graphically represented in figures 4 and 5, that the concentration of the soil solution had
increased in the first inch of soil after 5 days, and that the material in
solution had passed into the third inch of soil after 10 days.
TABLS

VIII.-ehanges in the concentration of the soil solution induced by the addition of

0.9 per cent of potassium chlorid to a medium sand containing 9 per cent of water
Freezing-point
lowerings.
Distance from salt layer.

Freezing-point
lowerings.
Distance from salt layer.

5 days.

I

10

days.

Inches.

5 days.

10

days.

Inches.

4····················· .
3·····················
.
2 •••••••••••••••••••••.

0.000
• 000
. 000

I
.
0 .............••...••..
0 ...•••••••••••••••••••

• 26 5

0.000

· 009

. °75

• 01 4
. 120

.260

• 26 5

· 255

0 ..••••••••••••••••...
I .••••••••••••••..•...
2 .••••••••••••••••••..

3····················
..
4···

0.240

.09°
.000
.000
.000

0.210

· 095·

. 01 5
.005

.000
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In order to approach more nearly field-soil fertilization, 2 gm. of solid
potassium chlorid 'and sodium carbonate, respectively, were placed in
the middle of the tubes containing medium sand; otherwise the studies
were conducted in the usual manner. The results presented in Table IX
show that the concentration of the soil solution in the soil changes soon
after solid salts are applied to the moist soils. The increase in the concentration within 5 days was appreciable 2 inches from the layer of
potassium chlorid in the tubes containing 3 per cent of water, and 3 inches
from it in those containing 9 per cent of water.
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PIG. 4.-Graph of the freezing-point lowerings after 5 days, induced by the addition of
potassium chlorid to sand with 9 per cent of moisture.
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IX.-Changes in the concentration of the soil solution induced by the addition of
2 gm. of powdered potassium chlorid to a medium sand
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It is notable that the changes induced by the addition of sodium carbonate were measurable after 5 days I inch from the salt in the soil
containing 3 per cent and 2 inches from it where the moisture content
was 9 per cent, and at the close of the Is-day period the soluble material
had moved into the next layer of soil. The results obtained from the
addition of this salt are given in Table X.
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FIG.5.-Graph of the freezing-point lowerings after 10 days, induced by the addition of 0.9 per cent of
potassium chlorid to sand with 9 per cent of moisture.

T ABLn X.-Changes induced in the concentration of the soil solution by the addition of
2 gm. of powdered sodium carbonate to a medium sand
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In another series the tubes were stood upright, the upper ends being
open in order to permit loss of water by evaporation and to thus deter..
mine if the downward movement of the soluble material is appreciable
when water is being lost in this manner. The results obtained and
presented in Table XI show that the downward movement took place,
the concentration of the solution being appreciably increased in the
bottom layers of silt-loam soil, where I per cent of potassium chlorid
was added, although the. water content of the various layers was found
to have decreased. It is possible that some of the soluble material in
the lower layers would be translocated later on to the upper ones by the
film water movement, this of course, could be determined by carrying
on the experiments over a longer period. The greater concentration
of the soil solution in the upper layers indicates an upward film move..
ment of the water in this particular soil, of these water contents. We
have experiments in progress which should show at what water content
film movement ceases in different classes of soils.
TABLE

XL-Movement of I per cent of potassium chlorid through silt-loam soil in open
tubes, showing the concentration after 10 days
Low moisture.

Distance
from
salt
layer.

I

High moisture.

Low moisture.

High moisture.

Dis~

Freez..
Moist- Moist- Freezing- Moistingure
ure Moisture point conure point
can- loss.
lowerloss.
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ings. tent.
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from.
salt
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FreezMoist~
Moist- Moist- Freezing~
ingure
ure Moisture point conure point
con- loss.
lowerloss.
lowertent.
ings. tent.
mgs.

- - - - - - - - .....-- -- - - - - - - - - - - - - - - - - Inches.

4···· . 2·93 7. 88 0.080 11·75 6.21 o. 165

3···· . 5. 68
2..... 8·37
I . . . . . 8.85
0 ...•• 7· 52
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2·44
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2.5 1

• 06 5 I I.. 95
. 110 12.21
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.27° 12.00

Inches.

I ...... 9. 88 0·93 o. 125 12·74 5. 22 0.062
6.01
175 2 •....• 9.7 8 1. 03 .°3 8 12.64 5.3 2 . 040
5· 75 17 2 3····· . 9·93 .88 • 045 12·95 5. 01 · 05 8
5. 66 .13° 4····· . 10.02 • 79 .060 13. 00 4.96 .°48
5.9 6 .°98

Where sand was employed, rather strikingly different conditions
have ensued. It may be cited that, for example, according to the data
in Table XII, the amount of soluble material that moved downward
was indeed slight in comparison with the upper translocation, or with
the downward movement in the silt-loam soil. It is evident from these
results that soluble salts such as sodium nitrate when applied to sandy
soils, or present in them, are more likely to be lost to the crop by their
accumulation in the upper layers of soil during a drouth than they are
in case of the finer-textured classes of soils. Field experiments now
under way may afford additional evidence bearing on this question.
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XII.-Movement of I per cent of potassium chlorid through medium sand in
open tubes, showing the concentration after IO days
Low moisture.

Distance
from
salt
layer.
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CHEMICAL STUDIES

Chemical studies of the solution obtained by extracting I part of the
various layers of soil with I of distilled water and passing it through
the Chamberland filter have been made. In the first series 300 gm. of
medium sand and silt-loam soil, respectively, were treated with I per
cent of sodium chlorid in solution, and were placed in the bott~m of
3-gallon jars and the filling completed with untreated moist soils. One
set was unsealed, in order to permit loss of water by evaporation. At the
close of the experiment each I-inch layer was air-dried, extracts obtained
as above indicated, and certain bases determined. The depression of
the freezing point of the soil and the amount of.the bases found in the
extraction are given in Table XIII.
XIII.-ehanqes in the composition of the soil solution induced by the addition of
per cent of sodium chlorid to a 1ttedium sand and a silt loam. Duration, IS days

TABLE
I

Silt loam, containing 20 per cent of
water.

Medium sand, containing 9 per cent of
water.
Distance from salt
layer.

FreezFreez..
ing.
mgMagnepoint
Iron and
point
Iron and
low- aluminium. Calcium. sium. low- aluminium.
erin~

erin~s

4· .................. 0.042
3· .................. · °77
2.................. . 117
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o...•.••..••...•... • 277

Magnesium.
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of soil.

Inches.

Calcium.

ro C 6
p.p.m.

P.p.m. P.p.m.
I2

appreciable
changes

+6.90

+ 74·3 +6·59
4- +4. 28
+ sr·7
+ 26·7 +3. 2 7
+ 39·4 +1.3
1

--

0.002

·Pso
.3 22

.5 22

• 68 7

};:p>:;.

--P.p.
+ 5· 58
1~Pi:>6
+ 45. 8 +11. 50

preciable +148.9 +19· 95
changes +1°3·4 +12.7 0

+ 89. 8 + 9·47

It is notable that the addition of sodium chlorid resulted in an increase in the amount of the bases calcium and magnesium released to
the solution upon extraction, the amount increasing from the salttreated layer of soil upward in the case of the sand in the open con-
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tainers. The magnesium and calcium were at the maximum in the
second layer in case of the silt loam. The bases iron and aluminium
were not measureably affected by the treatment.
The addition of the sodium carbonate, as may be seen from Table
XIV, resulted differently, inasmuch as the amount of iron and aluminium
in the extract from the treated and adjacent layers of sandy soil were
strikingly increased, while the parts per million of calcium were appreciably less, and the magnesium decreased slightly in the two lower
layers. In case of the silt loam the amount of calcium in the extraction from the treated and the adjacent layer of the soil was decreased,
while the changes in the amount of magnesium were negligible.
XrV.-Changes in the composition of the soil solution induced by.the addition of
per cent ofsodium carbonate to a medium sand and a silt loam. Duration ofexperiment,
IS days

TABLE
I

Medium sand, containing 9 per cent of
water.
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erings
of soil.
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Where the containers were sealed, the presence of the sodium chlorid
in medium-sand soil resulted in similar but somewhat less striking conditions than in the previous series. According to the data presented in
Table XV, the amount of calcium and magnesium increased upward
from the treated to the top iayer, or these bases obviously were liberated
to the soil solution and then passed onward to regions of lower concentration.
XV.-Changes in the composition of the soil solution induced by the addition of
per cent of sodium chlorid and I per cent of sodium carbonate to medium sand.
Duration of experiment, 25 days

TABLE
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One per cent of sodium carbonate was added to a portion of the third
layer of silt-loam soil taken from the closed containers andthe second
layer of sand, r~spectively. They were then moistened and let stand·
for five days in closed containers. At the end of this period the parts
per million of the bases calcium and magnesium in the extracts were
determined, the results obtained being given in Table XVI. It is notable
that the addition of the sodium carbonate resulted in an appreciable decrease in the amount of these readily soluble bases, probably changing
them from the chlorids to the carbonates.
TABLE

XVI.-ehanges in the composition' of the soil solution induced by the addition of
sodium carbonate
Iron and aluminium.
Soils.

add-I

add-

I

Calcium.

add-I

Magnesium.

add-

Before add- After addAfter
Before
After
Before
ing sodium ing sodium ing sodium ing sodium ingsodium ingsodium
carbonate.
carbonate.
carbonate. carbonate.
carbonate. carbonate.
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Sand ................ '-1-' .do....
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P.p.m.

16.66

27.7 6

P.p.m.
14·43

6.20

P.p.m.

6. 55
2.
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DISCUSSION OF RESULTS

We have presented experimental data which show that soluble salts
are translocated from regions of high to those of lower concentration
in moist soils when inclosed in sealed containers; and in case of silt
loam in the open containers upward movement is very rapid and the
downward translocation is marked, the water movement evidently
decreasing the downward translocation. We are at loss to account for
the contradictory report of Muntz and Gaudechon, unless the methods
employed failed to detect the changes that may have taken place in
the nitrate content of the soil. In case of the potassium chlorid, the
lack of movement reported may have been and probably was due to the
retention of the potassium by the soil, other bases being forced into the
solution..
As stated in the introduction, such movements are to be expected,
especially if the moisture coats the soil particles in the form of films, in
view of the fact that diffusion of salts take place in solution, but on the
other hand the movement may not be and probably is not due wholly
to diffusion. It does not seem untenable to assume that the reactions
which take place when salts are added to the soil play their rOle. A given
base coming in contact with a particle or a group of particles may be
held and others liberated, adjacent particles may not be satisfied, so far
as one or more of these bases are concerned, and by removing them from
solution may aid in the translocation of soluble material in the soil.
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The chemical studies show that the addition of soluble salts to a given
region of the soil results in changes of the composition of the soil solution
which may not be confined to the soil mass receiving the application.
It seems that such conditions are of far-reaching importance in connection with the results obtained from the'use of soluble-fertilizer salts, as
well as attempts to bring about a so-called balanced soil solution. Inasmuch as soils undoubtedly vary with respect to the action that takes place
when they are treated with various soluble substances, it does not seem
possible to work out a balanced soil solution by studying a few soils.
CONCLUSIONS

(1) The results presented show that soluble salts move from regions
of high to lower concentration in moist soils, the rate being rather rapid,
and therefore do not long remain localized, as reported by earlier investigators. Moreover, the rate of movement is affected by the water content
of the soil and the mass of salt present.
(2) Where moisture is being lost by evaporation, the upward movement is more rapid than the downward translocation in heavier soils;
but in .case of sands the downward translocation is indeed slight, thus
indicating that soluble salts, such as sodium nitrate, are more likely to
be lost by upward movement to the surface of sandy soils during a
drought than in case of heavier soils.
(3) Chenlical studies show that as the salts move through the soil
mass the solution in the various layers of soil changes in composition.
Such changes, it seems, have an important bearing upon the results to
be obtained from the use of fertilizer salts, especially upon attempts to
detennine a so-called balanced soil solution by studies confined to a
limited number of soils.
(4) The indications are that the translocation of soluble salts in soils
is brought about by means of diffusion, by reactions that take place in
the soil, and by moisture movements.
(5) Field and laboratory experiments in progress should throw additional light upon moisture movement in different soil classes, as well
as the upward movement from the subsoil of substances in solution.
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