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Some Chemical and Physical Factors Affecting the
Hydraulic Properties and Aggregate Stability of Sodic
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Combating desertification is complex and requires an appropriate soil and water management.
One of the soil characteristic features in arid and semiarid regions where desertification
aggravates is sodic soil due to inherent factors (carbonate, primary minerals, saline rocks, saline
water, depth of ground water) and human activities (irrigation management and reclamation
procedure) .

Sodic soils have poor soil structures under wet conditions and hardness of the subsoil when
dried. The ions composition and concentration of salt in the soil solution may influence the
physical properties of sodic soils. In turn, the accumulation of cations that causes clay dispersion,
such as Na, on the exchange phase affects the physical properties of the soils due to clay swelling
or dispersion which alters the geometry of soil pores and thus affects intrinsic soil permeability
and water retention. The deleterious effect of the exchangeable Na is more evident during the
irrigation with low electrolyte concentration water or rain than that during the irrigation with
high electrolyte concentration water.

The degree of swelling and dispersion of clay depends on the clay mineralogy, the composition of
the adsorbed ions and the salt concentration in the soil solution. It is obvious, therefore, that any
attempt to assess sodicity hazard in soils, the soil texture, the clay mineralogy, the exchangeable
sodium percentage (ESP) and the total electrolyte concentration (TEC) of percolating solution
should be considered. In order to deal with this problem, this work was proposed. The objective of
this study was to seek to address the behavior of sodic soil as affected by water quality in arid and
semiarid regions.

First, the effect of TEC of percolating solution on hydraulic conductivity (HC)



and infiltration rate (IR) of the smectitic and kaolinitic soils at ESP 0 and 30 was studied using
soil columns and rainfall simulator.

The HC of the Niigata smectitic soil at ESP 0 decreased significantly with percolating distilled
water (DW) , whereas a decrease in HC at ESP 30 was observed with the 10 molem™ solution. The
HC of the Tottori kaolintitic soil at ESP 30 dropped at the TEC equal to or below the Flocculation
Value (FV) of 5 molem3. These results indicate that even for non-swelling clay soils a severe
reduction in HC can be observed when the soil with a relatively high ESP level is exposed to
solution at electrolyte concentration below the FV due to clogging of conducting pores by
dispersed clay particles.

The steady-state IR of the Niigata smectitic soil exposed to DW rainfall was strongly affected by
the ESP, a much smaller effect of the ESP was observed for the Tottori kaolinitic soil. This is
probably due to the fact that the aggregates are more stable than those of the Niigata smectitic
soil at ESP 30. The lower steady-state IR for the soil at the higher ESP can be attributed to the
higher FV of the soil at ESP 30. The ESP effect on steady-state IR was greater than that of HC
when the soil was exposed to DW rainfall. This difference is probably due to the disintegration of
soil aggregates and their compaction on soil surface caused by the impact of the raindrop.

The aggregates of sodic soils are not stable while testing their stability by the current wet
sieving method when using water and nearly complete aggregate breakdown occur. Therefore,
second, a modified wet sieving method, based on ethanol-DW mixtures, was suggested for relative
aggregate stability assessment of sodic soils. The objectives of this study were (1) to modify the
wet sieving method by using ethanol-DW mixtures and (2) to evaluate aggregate size distribution
as affected by clay content and adsorbed cation composition.

Aggregates of two montmorillonitic soils, sandy clay loam and clay soils were immersed in
ethanol-DW mixtures at ethanol concentration of 0, 25, 40, 50, 65, 75, 85 or 96% (to obtain various
dielectric constants in the range between 81.7 and 25.6) or to NaCl and CaClz solutions at total
TEC of 0.1 and 1 molcLi'! at SAR appropriate to the soils’ ESP.

Aggregate stability decreased significantly with the decreasing of ethanol concentration in the
aqueous solution. Higher fraction of unatable aggregates was observed with ethanol-DW mixtures
after sieving in ethanol for 1 min when the wetting rate was 100 mm h-! than for 4 mm h'1. On the
contrary, 4-6 mm aggregates of both soils were stable after sieving in ethanol for 1 min, when the
wetting rate was reduced to 4 mm h'l, These results indicate that wetting rate is an important
factor in aggregate stability determination even when the wetting ethanol is used.

The fraction of stable aggregates > 4 mm decreased substantially in a relatively small range of
ethanol concentration, having an inflection point at a stable aggregate fraction of 50%. The
ethanol concentration in solution at the inflection point for the sandy clay loam soil was higher
than that for the clay soil and increased with the ESP. The ethanol concentration at the inflection
point indicates the aggregate stability as function of clay content and ESP. The higher aggregate
stability in the presence of ethanol is due to the reduction in the dielectric constant or due to by
bridging of adjacent clay particles through ethanol molecule interaction. The disintegration of
aggregate at higher TEC indicates that the dominant reason in stabilizing larger aggregate is

expected clay-ethanol molecule interaction.
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