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Abstract--Changes in hydraulic conductivity of smectite-sand mixtures (using four reference smectites) 
as a function of the concentration (0.01, 0.003, 0.002, 0.001 M C1- and distilled water) and potassium 
adsorption ratio (of 2, 4, and 6) of the percolating solution were measured. Swelling and dispersion of 
the clays were evaluated from the changes in hydraulic conductivity of the mixture and from the clay 
concentration in the effluent. 

The effect of exchangeable potassium percentage (EPP) on the hydraulic conductivity of the smectites 
depended on the charge density of the clays. The effect of potassium at EPPs <20 on the hydraulic 
conductivity ofsmectites having high charge density was negligible. Conversely, the hydraulic conductivity 
of smectites having low charge density (smectites from Wyoming and Belle Fourche, South Dakota), 
changed markedly when leached with ddute solutions as the EPP of the clay increased. The dispersive 
effect of exchangeable potassium on low-charge smectites was similar to that of exchangeable sodium. 
The low hydration energy of the K ~ cations, coupled with the strong electrostatic altraclion forces between 
platelets of smectites with high charge density account for the "inefficiency" of K + in dispersing these 
smectites. 
Key Words--Hydraulic conductivity, Potassium, Salinity, Sand, Smectite, Swelling. 

I N T R O D U C T I O N  

The permeability ofmontmori l lonit ic  soils is strong- 
ly dependent on the type of exchangeable cation and 
the salt concentration of the percolating solution; the 
permeability tends to decrease with increasing ex- 
changeable sodium percentage (ESP) and decreasing 
salt concentration (Quirk and Schofield, 1955). Few 
reports on the effects of K + on soil permeability have 
been published, and the results seem to vary or conflict, 
possibly due to differences in soil mineralogy and sam- 
ple preparation procedures. Generally, soil permeabil- 
ity relates to exchangeable cations in the following or- 
der: Ca = Mg > K > Na (Ahmed et al., 1969; Quirk 
and Schofield, 1955). Some researchers, however, re- 
port larger aggregates of greater stability in K+-satu - 
rated soils than in those saturated with divalent cations 
(Cecconi et al., 1963; Ravina, 1973), suggesting that 
K + in the exchange sites increases soil permeability. 

Swelling and dispersion of clay have been proposed 
to explain the decrease in soil permeability due to 
monovalent  exchangeable cations. Quirk and Schofield 
(1955), for example, suggested that the swelling of clay 
particles, which increases with a rise in the percentage 
of monovalent  exchangeable cations, could result in 
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total or partial blockage of the conducting pores. McNeal 
et al. (1968) found a linear relationship between the 
reduction of hydraulic conductivity (HC) and macro- 
scopic swelling of extracted soil clays, with a correla- 
tion coefficient ranging from .94 to .97. 

Deflocculation, dispersions, and clay movement  into 
the conducting pores were proposed as second mech- 
anisms for the plugging of the soil pores (Quirk and 
Schofield, 1955). The importance of dispersion in soil 
permeability was recognized by Frenkel et aL (1978), 
Pupisky and Shainberg (1979), and Shainberg et al. 
(1981). 

The differences between swelling and dispersion are 
important. Whereas a change in soil permeability due 
to swelling is essentially a reversible process, changes 
due to dispersion and particle movement  are essen- 
tially irreversible and may produce an impermeable 
clay layer in the soil profile. Clay swelling is not greatly 
affected by low ESP values (i.e., < 10-15) and increases 
markedly as ESP increases > 15 (McNeal et aL, 1968; 
Osteretal . ,  1980). Conversely, clay dispersion is highly 
sensitive to low levels of sodicity and increases mark- 
edly at low ESP (Oster et al., 1980). Finally, whereas 
dispersion of clay is prevented by dilute solutions whose 
concentrations exceed the flocculation value, swelling 
decreases continuously and gradually with an increase 
in solution concentration. 

The effect of  clay mineralogy on the response of 
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Table 1. Sources and properties of the clays used in the study. ~ 

CEC ~ (meq/100 g) 
83 

MineraF Low (1980) This study (m2/g) 

Octahedral substitution Tetrahedral Charge 
(atoms/unit cell) substitution density 

(atoms/unit (meq/cm 2 
Mg Fe cell) x 107) 

Smectite, Upton, Wyoming (API 25) 85 90.7 800 
Smectite, Belle Fourche, South Dakota (API 27) 85 92.4 776 
Smectite, Polkville, Mississippi (API 21) 105 103.4 760 
Smectite, Otay, California 120 122.2 552 

0.65 0.32 0.18 1.13 
0.57 0.36 0.20 1.19 
0.90 0.29 -- 1.36 
1.20 0.11 0.05 2.21 

l Based on Low (1980). 
2 Obtained from Ward's Natural Science Establishment, Rochester, New York; 

reference clay numbers. 
3 CEC = cation-exchange capacity; S = specific surface area. 

numbers are American Petroleum Institute 

smectite-sand mixtures to sodic and saline conditions 
was studied by Alperovitch et al. (1985). They found 
that the HC and dispersion ofsmectites with low charge 
density (Wyoming montmorillonite) were more sus- 
ceptible to exchangeable sodium than smectites with 
high charge density (Polkville and Otay smectites). The 
purpose of the present study was to investigate the 
effect of exchangeable K + on the HC of smectite-sand 
mixtures. Smectites of various charge densities were 
studied, and the hypothesis that the charge density on 
the smectites determined the HC response of the clay 
to exchangeable K § was tested. 

MATERIALS AND METHODS 

Materials 
Four smectites from Ward's Natural Science Estab- 

lishment, Rochester, New York, were selected for this 
study. Their source, identifying API numbers, amount  
of octahedral and tetrahedral substitution, cation-ex- 
change capacity (CEC), and specific surface area (S) as 
reported by Low (1980) are presented in Table 1. The 
charge on the four clays is due mainly to ionic substi- 
tution in the octahedral layer. 

Clay-sand mixtures were prepared by mixing 5 g of 
dry, powdered raw (no pretreatment) clay with 95 g of 
acid-washed quartz sand (0.1-0.6 mm diameter). The 
clay-sand mixtures were thoroughly mixed and wetted 
with 10 ml of distilled water. Following 3 hr of equil- 
ibration at room temperature, the wetted mixtures were 
dried at 60~ and then cooled in a desiccator to room 
temperature. Wetting of the clay-sand mixtures bound 
the clay platelets to the sand grains and prevented clay 
and sand segregation upon packing of the columns. 
Columns of the clay-sand mixtures were prepared by 
packing 100 g of the mixture into 5-cm diameter plastic 
cylinders to a bulk density of 1.35 g/cm 3. Based on a 
particle density of 2.65 g/cm 3, the pore volume of the 
columns was 36.3 cm 3 and the length of the mixture 
column was 3.8 cm. Bottom support for the clay-sand 
mixtures consists of a rubber stopper with a hole to 
accommodate an outflow tube. A circle of 20-mesh 
bronze screen cut so as to fit on the inside of the cylinder 
and covered with 1.0-cm layer of sand served as a filter. 

Dispersed clay particles could be leached freely out of 
the columns. 

Methods 

The saturated hydraulic conductivity of the columns 
was used to measure the effect of the treatment. Each 
column was initially wetted from the bottom with 0.5 
M C1 solution having an appropriate potassium ad- 
sorption ratio (PAR = (K)/(Ca) '/~, where ionic concen- 
trations are in mmole/liter) or sodium adsorption ratio 
(SAR = (Na)/(Ca)'/2), and kept saturated. Saturated HC 
was determined by leaching the column with the 
solutions, by means of a constant head device and 
measuring the drainage rate. Effluent was collected in- 
crementally using a fraction collector. The HCs of the 
clay-sand mixture obtained using 0.5 M solutions were 
taken as the "base" HC. Columns were then consec- 
utively leached with 0.05 and 0.01 M C1 solutions of 
the treatment PAR and SAR until steady state flows 
and effluent compositions were achieved. The columns 
were then differentially leached with solutions of the 
same PAR or SAR but with salt concentration of 0, 
1.0, 2.0 or 3.0 mmole C1-/liter. Each treatment was 
replicated two or three times; the agreement between 
replicates was satisfactory. 

Ion-exchange equilibria 

PAR solutions of 0, 2, 4, and 6 and SAR solutions 
of 10 and 20 were applied in the column experiment. 
The exchangeable K and Na on the clay in equilibrium 
with the ionic composition in solution was determined 
by equilibrating 0.5 g of the clay with 0.5 M solutions 
of the treatment PAR or SAR solution in batch ex- 
periments. The suspension was centrifuged, the super- 
natant was decanted, and another solution of the same 
PAR (or SAR) and same concentration was added. 
Following three washings with 0.5 M solutions, the clay 
was washed three times with 0.01 M C1 solutions of 
the same PAR (or SAR). Finally, the suspension was 
centrifuged, the supernatant was analyzed for Ca and 
K or Na, and the clay was washed with 60% ethanol- 
water solutions until free of electrolytes. Exchangeable 

https://doi.org/10.1346/CCMN.1987.0350408 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1987.0350408


Vol. 35, No. 4, 1 9 8 7  Potassium and hydraulic conductivity of smectite-sand mixtures 307 

Table 2. Exchangeable potassium percentage (EPP), exchangeable sodium percentage (ESP), and Gapon's contants (K~) for 
the four smectites in equilibrium with the treatment solutions. 

Wyoming Belle Fourche Polkville Otay 

Cation PAR EPP EPP EPP EPP 
composition (or SAR) (or ESP) Ko (or ESP) K~ (or ESP) IKG (or ESP) IQ; 

K-Ca 2 6.6 0.036 7.3 0.038 9.5 0.054 14.6 0.090 
4 11.1 0.031 11.g 0.032 15.9 0.047 23.2 0.076 
6 16.2 0.032 16.9 0.033 22.3 0.048 34.0 0.082 

Na-Ca 10 10.5  0.0115 9.7 0.0105 12 .0  0.0135 10.3  0.0113 
20 21.6 0.0139 19 .7  0.0124 22.0 0.0142 21.2 0.0136 

cations were extracted from the clay with 1.0 M 
NH4OAc solution and determined spectroscopically. 

RESULTS AND DISCUSSION 

Exchange characteristics 
The EPP-PAR and ESP-SAR relationships for the 

four clays are given in Table 2. Whereas the affinity of 
the clay for sodium ions is independent of its source, 
the affinity for potassium ions depends on the charge 
density on the smectite. With an increase in charge 
density of the smectite, the affinity of the clay for K + 
increases. This phenomenon was discussed by Shain- 
berg et al. (1987) and is demonstrated here through the 
effect of charge density on Gapon's  selectivity coeffi- 
cients (K~). For the exchange reaction 

CaX + K + = KX + l / 2Ca  2+, (1) 

KX (Ca) 'j2 
K.  G - -  - -  

CaX (K) 

EPP 1 
(2) 

(100 - EPP) (PAR) '  

where CaX and KX are the exchangeable cations (meq/ 
100 g) and ( ) is the concentration of the cation in the 
equilibrium solution (mmole/liter). Whereas the Ga- 
pon's  constants for Na-Ca exchange were similar for 
the four smectites, these selectivity coefficients for K-Ca 
exchange increased with a rise in the charge density on 
the clay. The composition of the exchangeable ions in 
equilibrium with a given solution was considered in 
comparing the effect of the monovalent  cations on the 
swelling, dispersion, and HC of the various clay-sand 
mixtures. 

Hydraulic conductivity 
The experimental results are shown as curves of rel- 

ative HC, as a function of the mixture EPP or ESP and 
effluent volume. The relative HC is the ratio between 
treatment HC and the HC of a 0.5 M salt solution. In 
Figures 1 and 2 relative HC is presented as a function 
of the effluent volume for the treatment where distilled 
water displaced 0.01 M solution. In Figures 3 and 4 
the 0.01 M solution was displaced by the more dilute 

solutions. The intercept of each curve is the relative 
HC for 0.01 M solutions of the various treatments. 

Leaching the smectite-sand mixtures with distilled 
water showed the effect of PAR (and EPP) and charge 
density on the relative HC (Figure 1). The numbers in 
brackets next to the smectite's name give the EPP on 
the clay in equilibrium with the given PAR solution. 
When distilled water displaced 0.01 M of CaC12 so- 
lution (EPP = 0), no change in the HC of the mixtures, 
even for the Wyoming and Belle-Fourche smectites, 
was noted (data not presented). As the EPP of the clay 
increased, the relative HC of the clay-sand mixtures 
decreased. 

The effect of clay swelling on the relative HC of the 
day-sand mixtures leached with 0.01 M C1- solutions 
was evaluated from the y-axis intercepts (Figure 1). 
The decrease in HC in 0.01 M C1- solutions was due 

OT~,Y (14.6), POLKVILLE (9.5) 
1.00 

0.75 ~ 
i~ " /~123-2 l ,  POLKVILLE (15,91 

-- 0.50 

0.25 

o I I I I 
,00 ~ 

o.75 F,., ]o., 
o,ol\\ 

~ -,,  , o d 
0 I00 200 .300 400 0 I00 200 300 

EFFLUENT VOLUME (ml) 

Figure 1. Relative hydraulic conductivity of smectite-sand 
mixtures as a function of the effluent volume. 0.01 M Cl- 
solutions of potassium adsorption ratio (PAR) of 2.0, 4.0, and 
6.0 are displaced with distilled water. Exchangeable potas- 
sium percentage (EPP) is given in parenthesis next to the 
smectite name. Clay concentration in the effluent of the Wy- 
oming-sand mixtures is given in the bottom-right graph. BF = 
smectite from Belle Fourche, South Dakota. 
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L25 r 1 .2  WYOMING MONTMORILLONITE 
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Figure 2. Effect of exchangeable sodium percentage (ESP) 0 

and exchangeable potassium percentage (EPP) on the hy- ~ 
withdraulic conductivity of two smectite-sand mixtures l e a c h e d d i s t i l l e d  water. :--~=~ 1.00.8 L ~ ~ / / ~ f  / ~ , ~  ~ \  

mainly to clay swelling (Alperovitch et al., 1985). 
Smectite dispersion was not expected at this electrolyte " 0.6 / o.O/y>~ \ "-...._...~ 
concentration, which is well above the flocculation val- / /  ue of the clay (Oster et al., 1980). In 0.01 M C1 solution 0.4 ot M /  
of PAR 2.0 and 4.0, no swelling of the clay was ob- 
served, whereas the relative HC of Wyoming and o.2 ~O'OO2M 0.003M 1 S  
Belle-Fourche smectites at equilibrium with a solution 

I [ ~ , L " / I  I I I of PAR 6.0 dropped to 0.82, and the relative HC of 
the smectites from Polkville and Otay decreased to 
0.95. The effect of sodium on the swelling of the same 
smectites in similar mixtures was discussed by Alpe- 
rovitch et al. (1985) and is presented in part in Figure 
2. The swelling of Na-Wyoming clay with ESPs of 10.5 
and 21.6 caused the relative HC of the mixtures to 
drop to 0.70 and 0.03, respectively. Conversely, the 
swelling of the same clay with EPP of 11.1 had no effect 
on the relative HC and EPP of 16.2 caused the relative 
HC to drop to 0.82. A similar difference between Na 
and K swelling was observed for the other smectites. 
Electrolyte concentration of 0.01 M prevented the 
swelling and HC drop of the smectites saturated with 
EPPs <20. 

When the 0.01 M C1- solutions of PARs of 2.0, 4.0, 
and 6.0 were displaced with distilled water (Figure 1), 
the relative HC of the various clay-sand mixtures var- 
ied markedly. EPPs of 9.5 and 14.6 had no effect on 
the relative HC of the mixtures ofsmectites from Polk- 
ville and Otay, respectively. Only a small change in 
HC was noted when the EPPs of these clays increased 
to 15.9 and 23.2 (in equilibrium with PAR 4 solutions). 
These smeetites with high charge density are not sen- 
sitive to exchangeable K in the range that might be 
found in cultivated soils, even if they are leached with 
distilled water. 

At the other extreme was the Wyoming montmo-  
rillonite. Introducing 6.6% K + into the exchange com- 
plex resulted in dispersion of the clays and a drop in 
the relative HC of the mixture. Leaching the mixtures 
of EPP of 11.1 and 16.2 with distilled water caused 
large changes in HC. The relative HC of the mixtures 

0 I00  2 0 0  3 0 0  4 0 0  0 I00 200  3 0 0  4 0 0  

EFFLUENT VOLUME (ml )  

Figure 3. Relative hydraulic conductivity of (Na-Ca)- and 
(K-Ca)-Wyoming smectite-sand mixtures leached with dilute 
salt solutions. (DW = distilled water, SAR = sodium adsorp- 
tion ratio, PAR = potassium adsorption ratio, ESP = ex- 
changeable sodium percentage, EPP = exchangeable potas- 
sium percentage.) 

dropped sharply to <0.05, followed by an increase in 
relative HC (Figure 1). Also, dispersed clay appeared 
in the effluent (Figure 1). Similar HC curves were re- 
ported by Alperovitch et al. (1985) for Na-smectite- 
sand mixtures (Figure 2). The presence of clay in the 
effluent indicated that dispersion and long-distance 
movement  of the clay particles took place. Swelling 
and deposition of the clay particles in pore spaces led 
to the sharp drop in the HC values. The subsequent 
increase in the HC was explained by Pupisky and 
Shainberg (1979) as due to a change in the mechanism 
of flow. As the clay dispersed in the distilled water, the 
flow changed from flow of solution in a sandy clay 
matrix where the sand particles are covered with a skin 
of clay, to flow of suspension in a pure sand matrix. 
Removing the clay skin from the sand particles in- 
creased both the pore radii and the HC (Figure 1). 

The relative effects of exchangeable K and exchange- 
able Na on the HC of Wyoming (a smectite with low 
charge density) and Otay (a smectite with high charge 
density) smectite-sand mixtures are summarized in 
Figure 2. In the comparison, the K or Na percentages 
in the exchange complex were maintained at similar 
values. The effect of exchangeable K at EPPs < 20 on 
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Figure 4. Relative hydraulic conductivity of (Na-Ca)- and 
(K-Ca)-Polkville smectite-sand mixtures leached with dilute 
salt solutions. (DW = distilled water, SAR = sodium adsorp- 
tion ratio, PAR = potassium adsorption ratio, ESP = ex- 
changeable sodium percentage, EPP = exchangeable potas- 
sium percentage.) 

the HC of low-charge smectite in equilibrium with 0.01 
M solutions is negligible. Conversely, the effect of ESP 
on the HC of Na-smectite in equilibrium with 0.01 M 
is large. Exchangeable Na in this ESP range effectively 
breaks up the Ca-tactoids, increases the swelling, and 
decreases the HC of the mixture (Shainberg and Letey, 
1984). Conversely, exchangeable K penetrates between 
the Ca-tactoids without effectively breaking them apart, 
and no increase in swelling and decrease in HC is ob- 
served at EP <20. 

When Wyoming clay-sand mixtures were leached 
with distilled water, the relative HC initially dropped 
and thereafter increased in both K-Ca and Na-Ca sys- 
tems (Figure 2). Na+ was more dispersive than K +, but 
K +, even in small percentages, actively dispersed the 
Wyoming smectite. 

The relative HC of the Otay-sand mixture in equi- 
l ibrium with 0.01 M solutions dropped only slightly 
as the ESP increased (Figure 2). Similarly no drop in 
HC was obtained in K-Ca Otay systems. The high 
charge density in the Otay clay resulted in strong elec- 
trostatic attraction forces which prevented the swelling 
and change in HC in both monovalent  cations. When 
the Otay smectite-sand mixtures saturated with ESP 
of 10.3 and 21.2 were leached with distilled water, the 
relative HC gradually decreased (Figure 2). When the 
Otay-clay-sand mixture having an EPP of 14.6 was 
leached with distilled water, the relative HC did not 
change (Figure 2). Even if the Otay clay was saturated 
with 23.2% K, the change in the HC was very gradual 
and small. The low hydration energy of the K cations 

coupled with the strong electrostatic attraction forces 
between the platelets account for the "inefficiency" of 
exchangeable K in dispersing smectites having high 
charge density. 

Effect of dilute solutions on hydraulic conductivity 
The effects of displacing 0.01 M NaC1 + CaC12 so- 

lutions of SAR 10 and 20, and KCI + CaC12 solutions 
of PAR of 4.0 and 6.0 with solutions of the same SAR 
or PAR, respectively, but with electrolyte concentra- 
tions of 0.003, 0.002 or 0.001 M C1- are presented in 
Figure 3 for the Wyoming smectite and in Figure 4 for 
the Polkville smectite. Displacing the SAR 10, 0.01 M 
C1 solution with 0.002 and 0.003 M solution of the 
same SAR resulted in a decrease in relative HC of the 
Wyoming smectite from 0.70 to 0.03 and 0.06 of the 
"base HC" value, respectively. No clay was leached 
from the columns, indicating that solutions exceeding 
0.002 M C1- were sufficiently concentrated to prevent 
macroscopic movement  of the clay. Swelling and short- 
range movement  of the clay by which the conducting 
pores were plugged, however, were so pronounced that 
the relative HC dropped to 0.03-0.06. Inasmuch as 
more swelling was expected in the 0.002 M compared 
with the 0.003 M solution, the relative HC was lower. 
Displacing the SAR 10 0.01 M solution with 0.001 M 
C1 solution resulted in a curve similar to that found 
for distilled water (DW), i.e., a sharp drop in relative 
HC followed by a sharp increase in relative HC. A 
concentration of 0.001 M C1- was not enough to pre- 
vent dispersion, and the HC of the suspension flow 
increased. Clay dispersion in 0.001 M solutions and 
the resulting increase in relative HC, however, were 
appreciably less in 0.001 M solutions compared with 
the distilled water. As the ESP of the Wyoming clay- 
sand mixtures increased to 21.6, the clay dispersed and 
the relative HC increased at electrolyte concentration 
of 0.001, 0.002, and 0.003 M. The extent of clay dis- 
persion and the increase in relative HC decreased, of 
course, as the electrolyte concentration increased. An 
electrolyte concentration of 0.004 M C1- was enough 
to prevent the Wyoming clay having ESP 21.6 from 
dispersing. 

If 0.001--0.003 M CI- solutions of PAR 4.0 and 6.0 
displaced solutions of 0.01 M C1 of the same PAR 
(EPP of 11.1 and 16.2, respectively), a pronounced 
drop in HC was obtained which was not followed by 
an increase in relative HC (Figure 3). The sharp drop 
in HC indicates that exchangeable K caused swelling 
and short-distance migration of the clay platelets which 
upon deposition in the conducting pores plugged the 
pores and reduced the HC. Only in the effluent of the 
0.001 M solution having PAR 6.0 were traces of clay 
observed. This clay dispersion was not sufficient to 
cause an increase in the relative HC (Figure 3). Like- 
wise, only in the distilled water effluent was the inten- 
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sity of clay dispersion sufficient to cause an increase in 
relative HC. These curves suggest that K-Ca systems 
were less dispersive than corresponding Na-Ca mix- 
tures, and very low electrolyte concentrations (0.001 
M) were sufficient to prevent appreciable dispersion. 

The effect of leaching with dilute solutions (0.001- 
0.003 M C1-) on the relative HC of the Polkville smec- 
tire in equilibrium with 0.01 M C1 solutions of SAR 
10 and 20 and of PARs of 4.0 and 6.0 is presented in 
Figure 4. Polkville smectite behaved differently from 
Wyoming smectite. Polkville clay having ESP 12.0 did 
not disperse in distilled water, and only a gradual de- 
crease in relative HC was noted. As the electrolyte 
concentration in the leaching solutions increased, the 
amount  of swelling decreased and higher HC values 
were maintained. Macroscopic clay dispersion with clay 
in the effluent and an increase in relative HC were 
obtained only in mixtures having an ESP of 22.0, and 
leached with distilled water or 0.001 M solutions. The 
min imum in the relative HC curve for 0.001 M C1 
solution was lower than that for distilled water. The 
min imum in the HC curves was due to two opposing 
tendencies: swelling of the clay which decreased the 
HC, and intensive clay dispersion, which increased HC. 
In distilled water dispersion of Polkville clay predom- 
inated, and the HC curve was high. In 0.001 M C1- 
solutions, the dispersion of the clay was limited, swell- 
ing predominated, and the relative HC was lower. 

The relative HC curves of K-Ca-Polkville clay-sand 
mixtures are also presented in Figure 4. In the clay- 
sand mixtures of EPP 15.9, the relative HC decreased 
slightly as the mixture was leached with distilled water. 
The decrease was even smaller as the concentration 
increased (Figure 4). In Polkville clay of EPP 15.9, 
swelling and dispersion were so small that in soils con- 
taining smectites having a high charge, K is probably 
not a dispersive cation. At an EPP of 22.3 (correspond- 
ing to PAR 6.0 solutions), only in distilled water leach- 
ing was a significant decrease in relative HC noted. At 
electrolyte concentrations 0.001 M C1 , the decrease 
was insignificant. In most soils, even those leached with 
distilled water (simulating rain water), the electrolyte 
concentration in the soil solution does not drop below 
0.001-0.002 M (due to clay hydrolysis or CaCO3 and 
Ca-feldspar dissolution; Shainberg et al., 1981). If these 
soils contain smectite of the high charge-density type, 

the clay will not disperse at EPPs < 22.3, and the changes 
in relative HC will be insignificant. 
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