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ABSTRACT

The salt accumulation on the soil surface can be mathematically described. Although the

movement of salts in soil solution is expressed in terms of mathematical model, which has

certain limitations in practical application, except the cxchangeable and absorbable state

salts in soil solution.

This model is illustrated by analytical cxperiments in which evaporation from the bare

scils, transpiration of plants and rainfall are required. Agreement between the model and

the measured data was satisfactory, which validating the

the soil surface.

INTRODUCTION

Since liquid water and salts absorbed by plants
move upward through a soil profile and vascular
bundles, their burdens of dissolved salts move
with water.

When the water evaporates at the soil surface,
The salts absorbed

by plants are accumulated in their above-ground

the salts remain in the soil.

parts, too. Evaporation, salination and absorption
rates are thus very closely related.

Verhoeven (1950) and Richard et al. (1956)
estimated evaporation by measuring the accumu-
Jation of salt in the surface layer and the concen-
tration of salt in the soil solution moving into
that surface layer.

Salts in solution also move by diffusion in
response to concentration gradients which tend to
move salts downward against the upward flow
of liquid. If the flow is rapid and the water
contains of the
amount of salt that moves downward against the

very low concentration salt,
flow of water may be negligible in comparison
to that which is transported upward. But if the
water is saline, as ground is salt
concentrations increase rapidly near the surface,

water often

and the resulting concentration gradients cause
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salt accumulation theory on

significant amounts of salt to move downward.
This is especially true in arid regions if soils
remain for several months.

Soil solution phase and exchangeable phase
are regarded as rcadily available The

represents

in soils.
nonexchangeable phace  gencrally
slowly available forms of calt. The mincral phase,
however, is often considered to be relatively
unavailable and accounts for primary salt mine-
rals. Applications of soluble salt fertilizer result
in marked increases of szlts in the soil-solution
phase.

Under the natural conditions, all
salt absorption by rooted
plants take place through the root system. The
part of the roots where the most absorption

takes place is the root hair zone. Soil solution

practically
water and available

diffuses into the root hair and, to a lesser degree,
into other root epidermal cclls, as a result of a
water potential gradient. The most and
salt absorption occurs through the passive and

active absorption. As a resuli, salts are absorbed

water

by plant roots more upward through vascular
bundle systems and accumulated in above-ground
parts of plants on the soil surface,

Salts in the air fall on the soil surface with

radinfall and of fall

snowfall. The veclocity



of the drops depends on the drop size. However,
this state is limited within the rainy day.

This paper describes a theoretical model of salt
accumulation on the soil surface by evaporation,
transpiration and rainfall. The rcsults are
compared to an estimate obtained independently
by the experiments which measured vertical
distribution of salts in tide-land, grassland and

forest soils.
MATHEMATICAL THEORY

The calt accumulation method for cstimating
evaporation and transpiration from soils in the
presence of a water table, and for rainfall and
snowfall is based upon the premise that

which enter the soil profile can be accounted for

salts

by periodic samplings of the surface soil mass.
Salt accumulation in the surface layer, salt
movement by molecular diffusion, salt absorption
and salt falling arc all involved. but they can be
evaluated independently.

The flow system is shown schematically in
Fig. 1. As water in soils evaporates and transp-
irates. salt accumulates at the surface, diffuses
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Fig. 1. Flow diagram for the movement of water
and salt in a soil with a water table and
the air.

to the concentration
gradients that develop, while it rises in the air
with dust.

The flow is upward and downward in the

downward in response

Z-direction. Analysis is based upon a column
which has a unit cross-sectional area and which
cxtends from the air and the water table to the
soil surface. Depth is represented by Z increasing
from the soil surface and C is the salt concentr-
ation in the water which enters the bottom and
the air of the column. The rate at which salt
enters the profile from below and upper, dF/dt,

is given by

where gi is the volume rate of inflow of water
from the water table and air. Since the salts
rcmain in the soil when the water evaporates and
transpirates from the surface, there is an
accumulation of salts in the profile.

If there is no evaporation, transpiration and

rainfall, the equation (1) isa

In this case, the concentrations of salts in the
surface soils arc equal in subsoils.
The change in salt content 4F, between times

t, and ¢, is
t t2
AF:ftlzdF:Cf“ Gudl oo 3)

where C is constant.

The continuity principle requires that inflow
minus outflow must equal storage. This applies
for both
relationship is

Vi=V,+-V,=(V, -V, +V)+V, (1)
volume per

salt and water. For water, this

where V is expressed in units of
unit arca, and the subscripts 7, o, ¢, £, f and s
denote inflow, outflow, evaporation, transpiration,

rainfalling and storage, respectively. But

Vs [qelt overevsessesnmeeniennninins veeneennis %)
S0
(e (e ty
Vi ‘*J‘tl qidt '"J‘[l q,,dt+ft1 g.dt
f t
:ﬁlz(qe'l‘(]ﬁ"ljf)dt']—ﬁlzq,dt ...... )

If 6 is the average water content of the soil,



column in milliliters per unit volume, the amount

of water stored betweent, and ¢ is

VA j:: do ‘;f:lz qsddt

After substituting cquations (3) and (7) into (5),
differentiating and rearranging terms we have

1 dF | 40
¢ dt |aesaes 7 dt

where ¢., q., qi, and gs are the volume rates of

o= (8)

outflow, evaporation, traspiration, and rainfall,
respesctively. When there is no vegetation on
the soilsurface, the equation (8) is given by

.1 dF| _
== d e

In the case of the grassland and forest soils, the
equation (8) is approximately

o1 dFy_ , d0
Qo= =" dt |, dt

On rainy days, the equation (8) is defined as

PR V2 i R
=T g dt

If the water-table depth remains constant,

veremennen(11)

ar

steady flow will result when the flow is contro-
lled by the capacity of the soil to transmit water
upward and by the activity of salt absorption
and translocation of plants. Under these conditi-
ons, the rate at which water flows upward will
be the same at all depths in the profile, whether
the profile is homogeneous or composed of layers
of different textures. For steady flow throughout

the profile, ;‘;‘Z—:o, and the last term in the

equation (8) vanishes:

i 1 dF
(]n:?(]e:T 7‘1,4—4;.#1_{
In the naked soils the equation (12) can be
integrated to give the mirror image of the
drainage rate out of the profile, (Youngs, 1960;

-Gardner, 1962) according to the expression.

SIS SR 7 ) N S0 P
050.= g7 |, = A=)
== @(1—eBS) wrerrmrrrrnreriniinnnas as

where A and a are constants and § denotes salt
.concentrations.

In the grassland and forest soils, the equation
(12) is obtained by
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where FS/k+S is the absorpiton rate of salt by

plant roots(Izpstein, 1962).

In the air, the flow is controlled by the velocity
of the drops, the so-called terminal velocity,
which depends en the drop size. The equation(12)
is defined by the terminal velocity of the falling
drops (Byers, 1974)

1 dF)

qo=q4" ¢ dt jes

oL—0
7

_1
T c

LO[PO

where o1, 0, 7, g, and » are the density of

droplets, the density of air, viscosity, gravity

and radius of droplets, respectively. However,

Cyqs is the lowest value of C.q., C.g: and Crgs:
Cq.2Cq0>Crqs

S0
C.qe=C.q.+Ciqi-Crqs=Coge+Cige-(16)

As evaproation and transpiration progresses,
the salts which are transported upward concent-
rate at or near the surface. Then concentraticn
gradients develop which cause salt to move
downward against the liquid flow by molecular
diffusion.

Figure 2 also points out the hazard of using
the salt concentration in the soil solution at some
relatively shallow depth Z,, instead of using the
salt concenation in the ground water to estimate
evaporation and transpiration at the surface from
measured salt accumulation above Z;. Lxcept
for a short time after the upward {low is
the salt
solution at Z, increases with time, even though

initiated, concentration in the soil

the amount of salt entering the system from the
water table remains constant. As a result the
evaporation and transpiration rate tends to be
underestimated.

If we select Z,, that evaporation and transpir-
ation actually occur at depths less than Z,, we
can express the rate of salt accumulation in the
layer above Z, by solving equation (8) for dF/d¢
and adding a term to account for the downward
diffusion of salt at Z,. Hence



., db
=C(qotq.tqn+CZi=

.p, 4B |

D, o
can express the rate of salt accumulation in the
layer above Z, by solving aquation (8) for dF/d¢

dF |

dt ie.iari95

and adding a term to account for the downward

diffusion of salt at Z,. Hence,
dF de dB.
dt dt dZ |z,

where De is the cffective coefficient of molecular

=Cq, 1 C,-2% 1 De.

diffusion (cm?/day) and takes into account the
cocfficient of molecular diffusion for the salt in
aqueous solution, the water content of the soil,
the tortuosity of the diffusion path, the viscosity
of the solution, etc. ¢, is sum of the cvaporation,
transpiration and rainfall rates (cm/day), dB/dZ
concentration gradient (me./ml. cm.) in soil
solution at Z,, C is the salt concentration in the
ground (me/an?), and d0/d¢ is the rate change
of the average water content (ml/cm3. day) in the
soil above depth %,. After transposing terms and
expressing the derivatives as differences, equation

(15) becomes

AF | De 4B | 46
L e ab o, 48 (19
= Tt lapsarne;, C A7 j2, "4 4k (19

De can be experimentally established, and all
of the remaining quantities on the right can be
evaluated under ficld conditions, thus giving a
measure of evaporation, transpiration and falling
rates.

The s=alts the

against the rainfall

in soil surface enter the air

by molecular dilfusion of
gases and winds with the dust.

As time progresses, the salt  concentration in
the soil solution increases at greater depths in the
profile as a rcsult of that
(Fig.2).

in the water entering the profile froin below is

molecular di{{usion

Even though the initial salt concentration
constani, the conceniration gredicnt at a partic
itation of calt occurs. 1i is thercfore conceivable
that the rate of calt wovement downward by
moleccular diffusion could eventually cqual the rate
of transport upward by liquid flow, and no salt

accurmulation would occur anywhere in the profile.
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Time sequence of soil solution concentr-
ations as a function of depth that resuit
from the steady evaporation, transpriation
and falling of water from the soil and
the air.

EXPERIMENTAL METHODS

tidal
grasslands

The sites selected for this study are on

arca in the bay of Namyang, in
Moonheri and Scungilkyo in Cheolwon in Korea.

The upper 30em of the soil prifle of tidal area
of

laycrs. The top silty-clay layer contains less clay

in the bay Namyang consists of silty-clay

than sccond laver. The remainder of the profile
is essentially homogencous silt loarn.
The
1

Cheolwen arc characterized |}

arasslands at Moenheri and Scungilkyo in
w Medicago dentic-
wlala evd Arwndinelle hirta which are demiinant
species, respecetively. The forest types chosen in
Kywangnung plantation stand are Py
The
grasslands and {orests are used in this experiments
5 10m had 50

sempling sites located at the interscetions of  1-

denziflora

and Quacrcus mongolica. «0ils under these

Fach plot was in size and



meter grid.

Five sites, one randomly selected from each
longitudinal row, were sampled on each of several
sampling dates at depth increments of L, I, H,
Ao, 0—5, 5—10, 10—15, 15—20, 20—25, 25—30,
30—35, 35—40, 45—50, 50—55, 55—60, 60—65, 65
-—70, 70--75, 75—80, 80—85, 85—90, 90—95 and
95—100cm.

During late August of 1977, all the sample

plots were visited and the soil samples were
collected. All samples were air-dried and were
sieved through a stainless steel 2mm mesh to
determine the amounts of total N, availableP and
exchangeable K. Nitrogen was determined in |
duplicate or occasionaly triplicate by the micro-

kjeldahl method and exprssed as a percentage ofj §
the ovendry weight of soil. The amount of
available phosphorus was determined colorimet-
ically by the stannous-reduced molybdophosphoric
blue method(Dickman and Bray 1940). Exchang-
eable K in coil were extracted 1 N NH,
OAC of pH 7.00 and were determined by flame

photometer.

with

The chloride ion concentrations in the tide-land
soils werc determined by titration with mercuric
nitrate.

All results are expressed as a percentage of the
oven-dry scil.

The amounts of N, P ard K in the
Mt

accordance with methods for

monthly

rainfall in Kwanak were determined in
chemical analyeis

of fresh waters edited by Golterman (1971).
RESULTS AND DISCUSSION

For illustrative purposes of the medel of salt
accumulation on the scil surface, this experiments

were carried out and the results were presented in

Figs 3, 4, 5 and 6. The concentrations in the
tide-land <oil solution are shown in Tig. 3 as a

function of depth at various times. The chloride
concentraticns in soils of the surface layer =are
greater in the dry-season than in the rain-scason.
the
and

This result suggests that near the surface,
chloride icns are leached by the rain-watcr

decreased.

Depth {(em)
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Fig. 3. The chloride concentrations in the tide-
land soils in the bay of Namyang as a
function of depth.
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Fgi. 4. Total N contents in solis of tide-land in
the bay of Namyang, grasslands in Cheol
won and forests in Kwangnung as a
function of depth.



From Fig. 3,it is also evident that the chloride
concentration gradients below the 30cm depth
increased with the decreasing depth.

The contents of total N,
K

forest soils as a function of depth are presented

available P,and

exchangeable in tide-land, grassland and
in Figs. 4, 5 and 6, respectively.

In salt accumulation and distribution in the
naked soils such as tide-land and fallow soils,
evaporation and salination rates are very closcly
rclated.

The results of Figs. 3, 4, 5and 6, the contents
of total N, available P and exchangcable K near
the surface of tide-land soils decreased with
depth.

In the cases of grassland and forest soils, the
salt accumulation mainly depends on the absorp-
tion of salts by plant by the roots of grasscs and
forest trees. According to the results of Figs_/l_,‘
5 and 6, the equation (13) might be acceptable

for the present experiments.
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Pig. 5. Available P concentrations in soils of

tide-land in tte bay of Namyang, grassl-
ands in Cheolwon and forests in Kwang-
nung as a function of depth.
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Exchangeable K concentrations in soils of
tide-land in the bay of Namyang, grassl-
ands in Cheolwon and forests in Kwang-
nung as a function of depth.

Yun et. al. (1969) and Chang & Yoshida (1973)
N, availble

7
K, Ca and Mg contents in grassland soils decre-

reported that total P, exchangeable
ascd with depth, respectively, Kim et. al. (1965)
and Chae & Kim (1977) observed that total N,
K contents
depth,

in
In this

conncction, as well as the results in Figs 3, 4, 5

available P and exchangeable

forest <oils decreased with too,
and 6, it is indicated that salts are accumulated
by evaporation in the naked soil such as the tide-
land and by transpiration throughout plants such
as grasses and forest trecs.

Amounts of total N, P and K nutrients falling

with rainfall in the air in Mt, Kwanak are
shown in Table 1.
As shown in Figs. 4, 5, 6 and Table 1, the

contents of total N, P and K are greater in soils
than in rainfall. Consequently, available salts in
soils and in the air are accumulated on the
carth’s surface bo evaporation, transpiration and

rainfall as modified in the equation (8), (12),



Table. 1. Composition of rainfall and amounts of
mineral nutricnts falling in the open
in Mt. Kwanak.

o Rainfall Total N Total P Total K
Month (mm)(1977) “(ppm)  (ppm)  (ppm)
Apr. 228.8 0.55 0.043 1.39
May 63.7 0.21 0.030 1.36
June. 46.4 0.88 0.026 1.42
July 405. 4 0.34 0.022 0.88
Aug. 101.1 0.40 0.029 0.65
Sep. 96.2 0.67 0.015 1.01
Oct. 15.7 0.73 0.021 0.67

(13), (14) and (15). Therefore, the theorctical

models of salt accumulation on the soil surface

might be confirmed with experimental recult.
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