
















increased following the development of major 
irrigation canals in the late-nineteenth century. 
These increasing watertables brought salt stored 
deep in the profile to the soil surface. 

• High salt concentrations in irrigation water. As 
noted in Section 1.4.2 above, the quality of 
groundwater can be highly dependent on proximity 
to the major rivers. Many soils of the mid-regions of 
the doabs have become saline-sodic because of the 
use of saline groundwater for irrigation . 

• Insufficient leaching of salt. All irrigation water 
contains salt that can accumulate in the root-zone 
over time. Whether this occurs depends on rates of 
water application . If water is always applied in 
quantities just sufficient for crop use, then salt will 
accumulate in the root-zone. However, if there is an 
occasional heavy application of irrigation water, then 
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the salt in the root-zone will be leached deeper into 
the soil profile. It is important to remember that salt 
accumulation in the root-zone may occur even with 
the application of good quality canal water. The salt 
concentration in canal water in Pakistan is generally 
between 150 and 250 milligrams per litre (Ghassemi 
et al. 1995, p.380). The application of 500 milli­
metres of water with a salinity of 200 milligrams per 
litre would add 1 tonne of salt per hectare. With 
continued irrigation and no leaching, this salt could 
build up with time. Of course the scale of the 
problem of salt accumulation in the root-zone is 
even greater if saline groundwater is used for 
irrigation. 

• Types of salts in the irrigation water. Saline-sodic 
soils have occurred to some extent through the use 
of irrigation water with high concentrations of 
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Figure 1.5. The relationship between groundwater salinity 
and proximity to rivers - cross-sectional view (Swarzenski 

1968). The groundwater is freshest in the zones of active 

circulation close to the rivers. It is most saline in the zone of 

reduced circulation in the centre of the doab. 
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Figure 1.6. Watertable rises in the Upper Indus following the 
development of canal irrigation in the mid-nineteenth century 

(Greenman et at. 1967, cited in Ghassemi et al. 1995, Fig 8-4, p. 381). 
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carbonate and bicarbonate (Sandhu and Oureshi 
1986, p. 108). These chemicals cause the soluble 
calcium in the soil to be turned 'into limestone 
nodules. Soils without soluble calcium become sodic 
and alkaline, and water infiltrates into them very 
slowly (less than a few millimetres per day). Under 
these conditions, irrigation water mostly evaporates 
at the soil surface, leaving behind its residue of salt. 
Eventually the soil becomes saline-sodic and unable 

to grow conventional crop plants. 

of less than 1.5 metres. However, immediately after the 
monsoon, the percentage of land with watertables of 
less than 1.5 metres increases to 26% . 

1 .5. 1 Depth of watertables -
seasonal effects 

In general, watertables in Pakistan are deepest at the 
end of the dry season and shallowest immediately after 
the wet season (see Fig. 1.7). By the end of the dry 
season only about 13 % of irrigated land has watertables 

Season has little effect on the proportion of land with 
deeper watertables. Nearly 50% of irrigated land has 
watertables deeper than 3 metres. This proportion is 
unaffected by season. 

1 .5.2 Classification of salt-affected soils 

Salt-affected soils in Pakistan have been classified into 
four types (based on Rafiq 1990, cited by Oureshi 
1993, pp. 25, 27). 

• Slightly saline-sodic or saline-gypsiferous soils 
(0.7 million hectares). These soils have slight 
salinity-sodicity problems, occurring as patches 
(about 20% of the area) in cultivated fields . About 
3.5 million hectares of agricultural land is affected 
by this problem. 




