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Abstract 

Soil salinity and water logging are twin critical environmental problems in many 
countries around the world especially the arid and semi-arid countries like South 
Africa. These problems have a great impact on soil fertility which in turns has a 
great effect on soil productivity. Thus, this paper reviews water logging and 
salinity as irrigation problems in South Africa with emphasis on Vaal harts 
Irrigation scheme (VIS). 
     An estimated 0.62% of 776,131 ha of South Africa soils were discovered to 
be strongly saline according to literature. Also, an estimated 13-18% of the area 
under regular irrigation appears to be affected by water logging and salinization 
in VIS. It is situated between the Vaal and the Harts Rivers is approximately in 
the centre of the Republic of South Africa and also the largest irrigation scheme 
in the country with about 35,000 ha of land served as the case study for the 
assessment. 
     The most frequently used methods to assess, monitor and quantify water and 
salinity problems are by means of soil surveys, questionnaires and laboratory 
analyses. These traditional data collection methods are neither enough for the 
assessing these important environmental issues nor accurate for soil studies. The 
use of modern techniques such as aerial photography, GIS and remote sensing 
(RS) are on the increase. Remote sensing and satellite image data are used to 
overcome most of these limitations with a need to best find the calibration 
between the data and real field situations. Presently, research is in progress on 
the use of RS to investigate these problems in VIS. Land sat data and weather 
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data collected for the area from 1995 to 2009 have been analyzed with a view to 
recommend appropriate policy for further development in South Africa. 
Keywords: irrigation, salinity, water logging, Vaal harts, agriculture. 

1 Introduction 

Irrigated lands contribute significantly to the world agriculture output and food 
supply. Estimates in 1986 indicated that about half of the increase in agricultural 
production in the previous 35 years had come from irrigated land, about one-
third of the world’s crops were grown on the one-sixth of the cropped area which 
was irrigated, and the irrigated land was, on average, more than twice as 
productive as rain-fed land. Figures from 1996 estimated that developed 
countries, on average, irrigated 10% of their agricultural area, and countries in 
development 23%, and combined they irrigated 18% of the total agricultural 
area [1]. 
     Most of the soils with a high degree of irrigability occur in more arid regions. 
While about 1.4 million ha is irrigated at present, another 280 000 ha of soil is 
suitable for irrigation but water availability dictate that only a further 178 000 ha 
can be irrigated in future as estimated by Barnard et al. [2]. The commonly used 
methods of irrigation are flood irrigation (28.5% of the total irrigated area), 
sprinkler on 53% and micro-irrigation on 18.5%.  
     Barnard et al. [2] reported that irrigated agriculture is practiced by an 
estimated 40 000 small-scale farmers, 15 000 medium to large-scale farmers, 
120 000 permanent workers and variable numbers of seasonal workers and the 
dependants of all these. De Villiers et al. [3] also reported that medium and 
large-scale farmers irrigate approximately 1.2 million ha. Irrigation scheme-wise, 
this is represented by 450 000 ha private schemes developed by land owners; 
400 000 ha irrigation board schemes; 350 000 ha government schemes; 50 000 
ha distributed among 40 000 small-scale farmers; and the balance of the area 
concerned is used by micro-scale schemes with garden and community plots.  

2 Irrigation problems 

Irrigated agriculture is a stabilizing factor in South Africa’s food production 
scenario, responsible for 30% of total food production, irrigation-related 
salinisation results in a number of chemical-physical-biological problems 
jeopardizing sustainable irrigated agriculture. Water logging mostly associated 
with irrigation is an incessant countrywide problem while the salinisation of both 
soils and water is a threat to irrigated agriculture. Ahmad and Singh [4] reported 
that the problems of rising water table and salinization in the areas of canal 
irrigation projects have affected large irrigation countries such as India, Pakistan, 
Afghanistan, Egypt, Iran, Sudan, Syria and the USSR. India has lost several 
million hectares of land and about 15 million hectares of irrigated land are 
already suffering from salinization and water logging in Pakistan. They also 
stated that about half of the world’s irrigated area has already been damaged to 
some degree by water logging and salinization and that much of the land 

478  Water and Society

 
www witpress com ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and he Environment, Vol 153,© 2011 WIT PressT



expected to be irrigated in the future is highly vulnerable to similar damage, and 
at a global scale, at least 200 000 to 300 000 ha of irrigated land are lost every 
year due salinization and water logging. 
     De Villiers et al. [3] reported that irrigation schemes are beset with problems 
and that only 37% of the participants are commercially oriented. It is envisaged 
that soil degradation, and notably salinization and water logging could, in future, 
become a formidable problem jeopardizing the objectives concerning irrigated 
agriculture to create opportunities for smallholder and resource poor farmers by 
improving the efficiency and therefore the competitiveness of this sector. They 
also found in the Nkomazi irrigation scheme for small-scale farmers that water 
logging, salinity and sodicity had reduced agricultural productivity within one 
year of irrigation to such an extent that reclamation is inevitable.  

2.1 Salinization and water logging 

The salinization of soils results in a number of chemical, physical and biological 
problems. According to the South African database, an estimated 776 131 ha of 
South African soils that is 0.62%  are strongly saline while soils with weak 
profile development usually occurring on flood plains that can be saline, 
comprise 1 447 988 ha that is 0.62%  [2]. They stated that salinity is most often 
associated with water logging and pollution caused by irrigation. Factors 
discovered to be involved in potential salination at irrigation schemes are soil 
suitability, poorly designed and operated irrigation systems, and water quantity 
and quality. According to a survey by the Department of Agriculture in 1990, out 
that 128 000 ha of cultivated land 54 000 ha is seriously alkaline and 
waterlogged and moderately affected. Bowonder et al. [5] stated that water 
logging and salinity are two major environmental problems that can arise in large 
irrigation projects. 

2.2 Soil pollution 

Soil pollution in South Africa is increasing as soil is the only medium to 
discharge of the ever increasing volume of solid waste products and effluent 
produced by the growing population, industrialization and urbanization. 
According to Barnard et al. [2], the biggest contributor to the solid waste stream 
is mining waste with 72%, pulverized fuel ash with 6.7%, urban waste with 4.5% 
and sewage sludge with 3.6%. The contribution of agriculture to the solid waste 
stream is an estimated 0.002%.  Water quality is in jeopardy as a result of 
pollution, as water is a limited and strategic resource.  Urbanization, 
industrialization, irrigation, inorganic fertilizers, weedicides and pesticides used 
by agriculture, polluted return flows and the recycling of water, largely 
contribute to water quality deterioration. Van der Merwe [6] also noted the 
particular importance of an increasingly heavy mineral salt load as salinity as it 
renders water less suitable for urban and industrial use while it has a devastating 
effect on food crops. 
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3 Study area: Vaal harts irrigation scheme 

The Vaal harts Irrigation Scheme (VIS) covers about 36 950 ha and is one of the 
largest areas in the world. Water is provided to some 680 farmers [7]. The 
scheme is supplied with water abstracted from Vaal River at the Vaal harts weir 
about 8 km upstream of Warrenton.  
     VIS is located in a summer rainfall area. This area battles with low, seasonal 
and irregular rainfall. The average rainfall is 442 mm /year [8]. The average 
precipitation in summer months, October to February differs between 9.1 and 
9.6 mm/ day while in July precipitation is only 3.6 mm /day. The water quota for  
 

 

Figure 1: Aerial overview of VIS [9]. 

 

Figure 2a:  VIS main canal with low level of water. 
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Figure 2b: VIS main canal [9]. 

the North and West canal is 9 140 m3/ha/annum. The total water use charge is 
8.77 cents per cubic meter of water which consists of a charge of 8.24 cents for 
irrigation water use, a catchment management charge of 0.5 cents per cubic 
meter and a water research charge of 0.03 cents per cubic meter of water [7]. VIS 
is relatively flat, although its slope gently towards the Harts River, leaving the 
area as a basin. It lies within a valley with maximum and minimum altitudes of 
1150 masi and 1050 masi respectively. The climate in the region is semi-arid to 
arid, with rainfall ranging from 500mm to less than 200mm per annual and 
evaporation reaching 2800mm per annual towards the west. The common crops 
grown in the area are wheat/barley, maize, groundnuts, cotton and other 
permanent crops like Lucerne, Pecan nuts, grapes, olives and some other fruits.  

3.1 Irrigation problems in VIS 

According to Streutker et al. [10] flood irrigation commenced at the Vaal harts 
Irrigation Scheme of 30 000 ha established in 1940 and soon after, the 
groundwater table rose to between 0.9 and 1.5 m over the whole area. In 1956 
several salinisation cases were reported and in the 1960s, a number of soil 
profiles from all over the Scheme, contained more salts in the subsurface than 
measured during the initial soil survey, indicating a disturbing tendency, 
although not alarming at that stage. Within 35 years the fine, sandy soils of this 
scheme were severely salinised. They reported on the reclamation of some 
30 000 ha saline or saline-sodic soils (depth 0.3 m) at the VIS. Salt-affected soils 
resulted in a South African Rand R1.4–R2.1 loss in gross income for the 
irrigation scheme farmers. The installation of 218 drainage systems totaling 500 
km of subsurface lateral drains at a cost of R2 million were undertaken between 
1975 and 1977. Although the subsurface drains were successful in keeping the 
groundwater table below 0.7 m and leaching salts from recently salinised 
patches, there were still some 1 500 ha of saline soils by the end of 1977 and 
1 000 ha in 1980. Bearing in mind that an estimated 100 000 ha of the 885 000 
ha of the land of State Irrigation Schemes were salt-affected by 1976, the cost of 

Water and Society  481

 
www witpress com ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and he Environment, Vol 153,© 2011 WIT PressT



reclamation is justified only if maintenance of the water table does not require a 
considerable amount of over-irrigation and does not cause pollution down-stream 
which requires a high level of irrigation and drainage management. In the period 
1974–1976, the semi-arid Vaal harts area (218 farms) received above average 
rainfall resulting in a critical level of soil salinisation. Surface storm water did 
not drain fast enough and the water table quite often rose to 0.3–0.6 m from the 
soil surface. Farmers started depending on the high water table and ignored 
leakage as well as drainage planning and continued over-irrigation with 
devastating effects. A further R2 million then had to be invested to install sub-
surface drains on farms and to link these drains to the partially developed system 
of open storm water drains, in an attempt to lower the water table and to leach 
salts [10, 11]. 
 

 

Figure 3: Waterlogged irrigation field in VIS [9]. 

 

Figure 4: Salined area in VIS [9]. 
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4 Modern assessment tool: satellite remote sensing, GIS and 
wireless sensor 

Remote sensing is increasingly becoming useful for more applications in 
mapping, because the new generation of satellites now being launched carries 
instruments with much greater spatial resolution (as high as 0.6m to 1m); 
sufficient to see many more features of interest in mapping than it was before 
now [12]. The same class of objects radiates electromagnetic energy of different 
wave lengths depending on its other features. Thus, soil as a class may comprise 
different types of particles, may be dry or wet, and may have different chemical 
properties and so on.  
     A GIS is commonly defined as a computer system for the input, editing, 
storage, maintenance, management, retrieval, analysis, synthesis and output of 
geographically referenced or spatial information [13]. GIS is a tool to analyze 
and interpret the remotely sensed data. It can also be used for the analysis and 
interpretation of physically collected data as well. In the developed countries like 
UK, US, Australia and the developing countries like India and Egypt, the use of 
remote satellite sensing (SRS), geographical information system (GIS), global 
positional system (GPS) and models have been integrated to better assess, 
monitor and quantify irrigation problems and thereby get irrigated farmers 
equipped for the day to day running of the scheme because the cost of collecting 
data using the current methods is labour intensive and expensive. The wireless 
sensor networks are a new technology for collecting data about natural or built 
environment. They consist of low cost embedded sensory and computational 
devices (audio and video which detect bio-chemicals in novel ways) with 
wireless capability forming ad hoc networks that provide information on an 
unprecedented temporal and spatial scale with the aim to reduce the cost of data 
capture by a factor of 1 000 and increase the spatial and temporal resolution by a 
factor of 1 000 within ten years. The sensor will allow greater understanding 
accurate monitoring and modeling, better prediction, planning and control 
sustainable management [14].  
     South Africa is making a progress in its systematic national system to monitor 
the impact of irrigated agriculture and the pace of salinization and water logging 
with the recent establishment of the SANSA: a national monitoring system 
developed and implemented for South Africa to modernize these techniques and 
make the data more available and accessible to end users.  At Tshwane 
University of Technology, South Africa presently, remote sensed data are being 
collected using Landsat 7 ETM+ to assess, analysis and model environmental 
impacts of Vaalharts irrigation scheme in South Africa so as to help policies 
makers and planners on irrigation schemes within the context of environmental 
sustainability. 
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