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Extent of Sodium Hazard In Mixtures of Tubewell and Canal Waters 

The Panel became aware during its first visit to Pakistan of the sodium hazard 

associated with use of groundwater in some areas. In evaluating the suitability 

of water for irrigation, an important parameter is the potential extent of ex

change of sodium ions between the water and the dispersed phase of the soils.  

Absorption of too many sodium ions by certain soil clay minerals can cause 

excessive swelling of the dispersed phase. This may drastically reduce te per

meability and porosity of the soil and decrease or destroy its agricultural value.  

The amount of sodium absorption depends on two factors: i) the ratio of sodium 

ions to the square-root of one-half the sum of calcium and magnesium ions 

in the soil water-this is called the "Sodium Absorption Ratio" (SAR); ii) the 

chemical and mineralogical nature of the clay fraction of the soils.  

The SAR of the soil water depends on the SAR of the applied irrigation water 

and on its content of bicarbonate and carbonate ions. The latter tend to pre

cipitate calcium in the soil as CaCO 3, and thereby to raise the SAR. In assess

ing the effect of bicarbonate and carbonate, the Panel used both the "residual" 

sodium carbonate (excess of carbonate and bicarbonate over calcium and magne

sium in the applied water) and a new criterion developed by Dr. C. A. Bower, 

Director of the United States Salinity Laboratory at Riverside, California, and 

a member of the Panel. This criterion combines a modified Langlier index with 

the Sodium Absorption Ratio [8] to give a calculated "Exchangeable Sodium 
Percentage" (ESP).  

'Clays may be divided into three groups that have markedly different tenden

cies to swell with absorption of sodium ions: 1) the kaolin group with a 1:1 lattice 

type; i) the hydrated mica group with a 2:1 lattice type; and iii) the mont
morillonite or expanding lattice group with a 2:1 lattice type. Soils containing 
clays of the montmorillonite group (beidellite, saponite, etc.) have a large intra
micellular surface and a strong tendency to expand when the soil water has a 

relatively high ESP. The kaolin minerals (kaolinite, nacrite, metahalloysite, etc.) 

and hydrated mica minerals (illite, chlorite, etc.) have fixed lattices and exhibit 

much smaller hydration and absorptive properties. Soil samples from the irri

gated regions of West Pakistan that were examined by the Panel contain clays 

predominantly of the non-expanding type such as illite and chlorite. These 

soils tolerate larger concentrations of exchangeable sodium in irrigation water 

than soils containing montmorillonitic clays.  

After collecting and examining field data available in 1961 relating to the 

chemical composition of soil and water, the Panel decided that we had in

sufficient information to establish the magnitude of the sodium hazard. Accord-


