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ABSTRACT
Cumulative clay dispersion from four arid land soils are compared

with their relative hydraulic conductivities as affected by electrolyte
concentration and sodium adsorption ratio (SAR). As electrolyte
concentration decreased and SAR increased, clay dispersion in-
creased and hydraulic conductivity decreased correspondingly.
Threshold relations between electrolyte concentration and SAR as-
sociated with clay dispersion of 5 g of clay per kilogram of soil
corresponded well with hydraulic conductivity threshold relations.
This correspondence between clay dispersion and sodicity-related
reductions in soil hydraulic conductivity can be utilized to provide
an index based on clay dispersion for screening soils for their sod-
icity hazard sensitivity and for predicting reductions in soil hydraulic
conductivity related to soil and water sodicity.

Additional Index Words: sodic soils, soil permeability, saline soils,
soil structure, soil aggregation.
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CLAY DISPERSION HAS BEEN CONCLUDED to be a
major cause of sodicity related reductions in soil

hydraulic conductivity (Quirk and Schofield, 1955;
McNeal et al., 1968; Rhoades and Ingvalson, 1969;
Felhendler et al., 1974; Frenkel et al., 1978; Pupisky
and Shainberg, 1979). Quirk and Schofield (1955)
demonstrated that soil clays do not disperse and re-
ductions in the relative hydraulic conductivity (RHC)
of sodic soils do not occur if the salt concentration
(Q, or electrical conductivity (<r) of the permeating
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solution exceeds a certain "threshold" level dependent
on the sodium adsorption ratio, SAR [SAR = Na/
(Ca+Mg)l/2, where all concentrations are in mmol
L~']. Rhoades and Ingvalson (1969) concluded that
dispersion was the dominant mechanism causing de-
creases in the RHC's of vermiculitic sodic soils. In the
SAR range of 10 to 30 and the salt concentration range
of 0 to 10 mmolc Lr', Frenkel et al. (1978) concluded
that the plugging of pores with dispersed clays was the
main cause of decreases in the RHC's of typical irri-
gated montmorillonitic-, vermiculitic- and kaolinitic-
arid land, sodic soils. They further concluded that the
exact levels of SAR and C that result in RHC reduc-
tions depend on soil clay content, mineralogy, and
bulk density. Pupisky and Shainberg (1979) also con-
cluded, that at low SAR levels and low salt concen-
trations, dispersion and migration of clay into con-
ducting pores was the major cause of reductions in the
RHC of surface soils.

From the data of Frenkel et al. (1978), Pupisky and
Shainberg (1979), and Shainberg et al. (1981), it ap-
pears that clay dispersion is a major factor affecting
the RHC of soils being irrigated with typical sodic
waters, and that clay dispersion and HC reductions
will not generally occur at levels of SAR <10 if the
electrolyte concentration of the permeating water is
greater than about 5 to 10 mmolc Lr1. However, some
sodic soils display differences that are often unpre-
dictable. McNeal et al. (1968) implicitly assumed
swelling is the primary mechanism of soil RHC re-
ductions related to sodicity and established relations
between swelling and RHC. Their data, however, em-
phasized higher levels of SAR and Cthan are generally
found in the near-surface depths of irrigated soils and
in most situations generally relevant to sodic water
assessment needs.

The above information suggests that a threshold-
relation between electrolyte concentration and SAR,
based on clay dispersion may be employed as a useful
relation for screening soils for their sodicity hazard
sensitivities and for predicting reductions in RHC from
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Fig. 1. Comparison of clay dispersion and hydraulic conductivity
(80% HC basis) SAR-C threshold relations for Fallbrook II and
Arlington soils obtained in Ca-NaCl solutions.

irrigating different soils with sodic waters. The con-
cept of such a dispersion and hydraulic conductivity
relation was introduced by Mustafa and Letey (1969).
Hamid and Mustafa (1975) developed for one soil a
relationship between clay dispersion, hydraulic con-
ductivity, exchangeable sodium percentage (ENa) and
salt concentration. But this relationship has not been
widely used or thoroughly tested. Hence, this study
was undertaken to further evaluate the extent to which
clay dispersion and soil hydraulic conductivity are re-
lated and to determine if the simple laboratory method
developed by Yousaf et al. (1987) to detect clay dis-

Table 1. Comparison of effects of electrolyte concentration, C,
and sodium adsorption ratio (SAR) of Ca-NaCl solutions

on cumulative clay dispersion and relative HC of
Fallbrook II and Arlington soils.

Soil

Sodium Cumulative
adsorption Electrolyte clay

ratio, SARt concentration, C dispersion RHC

Fallbrook II

Arlington

20
20
-
10
10
_
20
20
-
10
10
-

mmolc L"1

50
10
0

50
10
0
50
10
0
50
10
0

gkg"1

0.2
3.0

97.6
0.1
0.8

40.3
0.3
4.8

65.9
0.2
3.5

30.4

0.96
0.86
0.10
0.96
0.88
0.10
1.00
0.46
0.06
1.00
0.91
0.18
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Fig. 2. Comparison of clay dispersion and hydraulic conductivity

(80% HC basis) SAR-C threshold relations for Bonsall, Fall-
brook I, and Arlington soils obtained in Mg-Na chloride solu-
tions.

persion could be used to screen soils for their sodicity
hazard sensitivities.

MATERIALS AND METHODS
Selected physical and chemical characteristics of the ex-

perimental soils were previously given in Yousaf et al. (1987),
as are the method and results of the clay dispersion tests.
Laboratory column-saturated hydraulic conductivity data for
Fallbrook II and Arlington soils (obtained using Na-CaCl
solutions with SAR levels of 30, 20, and 10 and electrolyte
concentrations of 1000, 50, 10 and 0 mmolc L~') were taken
from Frenkel et al. (1978). Analogous data for Bonsall, Fall-
brook I, and Arlington soils (obtained using Na-Mg salt
solutions with SAR levels of 40 and 20 and electrolyte con-
centrations of 500, 250, 100, 50, 25, 15, and 8 mmolc L ')
were taken from Suarez et al. (1984). The combinations of
SAR and C (threshold values) associated with substantial
reduction (20%) in RHC were calculated from these hy-
draulic conductivity data. The reference concentrations for
100% HC was 1000 mmolc L~' in the Ca-Na system for
Fallbrook II and Arlington soils and 500 mmolc L~' (for
SAR 40) and 100 mmolc L-' (for SAR 20) in the Mg-Na
system for Bonsall, Fallbrook I, and Arlington soils. The
combinations of SAR and electrolyte concentration associ-
ated with clay dispersion reported in Yousaf et al. (1987)
for these soils were used as threshold values of clay disper-
sion to compare with the analogous HC threshold values.

RESULTS AND DISCUSSION
Both the amounts of clay dispersion and the hy-

draulic conductivities (using Ca-NaCl salt solutions)
of Fallbrook II and Arlington soils were markedly and
similarly affected by the electrolyte concentration and
SAR levels of the reacting waters (see Table 1). Clay
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Fig. 3. Relationships between the relative hydraulic conductivity and
cumulative clay dispersion of Fallbrook II and Arlington Soils
obtained in Ca-Na chloride solutions.

sion is less than about 4 g kg"' soil. There is a very
sharp decrease in RHC as the amount of clay disper-
sion increases above about 4 g kg"' soil. Relative hy-
draulic conductivities of 0.2 or less are observed if the
clay dispersion is greater than about 20 g kg"1 soil.
These data suggest that clay dispersion in small
amounts (4-10, g kg"1 soil) is sufficient to cause sub-
stantial reduction in the RHC of these soils. Such small
amounts of dispersed clay are probably so effective in
this regard either because the dispersed clay particles
lodge in interstitial pores and essentially "plug" entire
large-pore pathways within the soil matrix, or else there
is a correspondence between clay dispersion and ag-
gregate slaking, which similarly reduces and closes off
the conducting pathways. This process should be es-
pecially "effective" at the soil surface where disaggre-
gation and pore plugging leads to the formation of
crusts and "surface seals," which act as barriers to
water entry.

dispersion increased and hydraulic conductivity de-
creased concomitantly as SAR increased and electro-
lyte concentration decreased.

Of three methods of referencing clay dispersion
"threshold" relations evaluated (Yousaf et al., 1987),
the "absolute" method (5 g of clay dispersed per kil-
ogram of soil) corresponded the best with hydraulic
conductivity threshold relations. Hence, a comparison
of only the absolute 5 g clay dispersion kg"1 soil and
80% RHC threshold relations is shown in Fig. 1. These
relations show that the same ranking of the sodicity
hazard sensitivities of these soils is obtained with either
type of measurement, but the threshold slopes are less
for RHC than for clay dispersion. The higher apparent
sensitivity to sodicity of RHC compared to clay dis-
persion is likely because the flowing water used in the
HC measurements creates an additional energy input
(i.e., viscous drag), which contributes additionally to
the disaggregation forces. In the dispersion test, the
driving forces for disaggregation are proportionately
more due to the electrostatic forces of repulsion be-
tween particles.

Data comparing the effects of SAR and electrolyte
concentration in Mg-NaCl solutions on cumulative
clay dispersion and relative hydraulic conductivities
of Bonsall, Fallbrook I, and Arlington soils are pre-
sented in Fig. 2. As with the Ca-Na system, the com-
bination of SAR and C, which caused significant re-
ductions in RHC, were similar to those that also
produced substantial amounts of clay dispersion. Also,
as with the Ca-Na system, threshold relations between
SAR and C obtained for dispersion showed somewhat
less sensitivity to sodicity than for RHC.

The close relationships observed between clay dis-
persion and RHC leads to the question: How much
clay dispersion must occur to significantly reduce the
RHC of these soils? To evaluate this question, the clay
dispersion and RHC data obtained using the Ca-NaCl
solutions for Arlington and Fallbrook II soils were
compared by plotting cumulative clay dispersion (g
kg"1 soil) and RHC, as shown in Fig. 3. It is observed
from the data of Fig. 3 that there is very little effect
on RHC of these soils if the cumulative clay disper-

CONCLUSION
From the results reported herein it is concluded that

soil hydraulic conductivity decreases correspondingly
with clay dispersion as electrolyte concentration is de-
creased and SAR is increased over the ranges often
encountered in irrigated sodic soils, i.e., 0 to 20 and
0 to 15 mmolc L"1, respectively. It is also concluded
that the SAR-C threshold values for RHC and clay
dispersion of arid land soils are closely related, and
that the laboratory method of Yousaf et al. (1987) for
measuring clay dispersion can be used to estimate RHC
reductions for assessing the relative sodicity hazard
potentials of soils and for predicting permeability
problems associated with soil and water sodicity. The
method is simpler and faster than are measurements
of RHC.
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