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Abstract 

A field experiments were conducted for three growing seasons (2007 to 2009) at 
five different sites of soil types and salinity levels. Five different ground water 
qualities were used to irrigate five fields each with area of 50 to 54 hectares 
planted with wheat crop and the irrigation system used at each field was center 
pivot sprinkler system. The irrigated fields were located at different locations of 
Riyadh region in Saudi Arabia. The soil samples were taken at different depths 
(10, 20, 40, 60 cm) from the soil surface at the beginning of season 2007 and at 
the end of season 2009.  
     The quality effect of irrigation water on each soil salinity at each depth was 
determined. The results showed that all irrigated fields have differed in salt 
concentration as indicated by soil electrical conductivity (ECe) values of the 
saturated paste extracts. The soil salinity in some fields decreased and increased 
in other soils, and the distribution of salts through the soil profile is highly 
correlated with the salinity of irrigation water and soil type. Saline water 
increased the soil salt content throughout the profile to a greater extent than non-
saline water.  Thus, the salts accumulation in soil of field 4 and 5 was closely 
related to the salt concentration of irrigation water, and there was a progressive 
and significant increase in soil salinity values as the salinity of irrigation water 
increases. Also, the obtained results showed that the decrease or increase in soil 
salinity through the soil profiles for all fields occurred mainly at first season and 
slight increase in the following two seasons, and not with the increase of the 
number of seasons, and the soil salinity values remains closely the same and 
does not influenced by the prolonged use of low or high salinity waters for a 
number of years for all fields during the study.  
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1 Introduction 

Water is the most important resource and limiting factor for agricultural 
development in the arid regions in general and in Saudi Arabia in particular. 
Saudi Arabia is a country without any appreciable quantities of freshwaters and 
over 80% of the agricultural needs are currently met largely by the saline ground 
waters. Because of dry arid climate, most of the agricultural soils are saline and 
requires excess water to leach salts from plant root zone. The chemical 
characteristics of water in Saudi Arabia vary depending upon the geological 
formation of the aquifers. Irrigation waters contain salts in different amounts and 
proportions that will influence suitability for a specific use. Suitability of any 
irrigation water for agriculture depends mostly on its chemical composition and 
the conditions of use. The main factors determining the conditions of use are soil 
texture, total water salinity, crop to be irrigated, climate, management practices 
and the skill of the water user. Many researchers have reported on the evaluation 
of ground water quality for some regions of the country (Mee [1] and Al-Jaloud 
and Hussain [2]).  
     As the demand for water increases, an effective conservation of water and soil 
is of primary importance in any agricultural development. Therefore, methods or 
practices that increase water use efficiency, soil productivity and reduce the 
excessive amount of water applied are of importance for conserving water. The 
effect of the quality of irrigation water on soil properties has been discussed by 
many researchers [3–13]. Ragab [14] found that soil electrical conductivity (ECs) 
values increased with increasing salinity of irrigation water and decreased soil 
moisture depletion in calcareous soil. Also, Ragab [14] found that the increasing 
of irrigation salinity from 0.58 to 3.67 deciSiemens per metre (dS m-1) increased 
total soil salinity from 1.87 to 24.83 dS m-1. Thus, the salts accumulation in soil 
was closely related to the salts concentration of irrigation water. He observed 
[14] that, there was a progressive and significant increase in soil salinity values 
as the salinity of irrigation water increases. But, Mwenja [15] reported that the 
soil salinization does not entirely depend on water quality, and concluded that 
other factors, including level of water application, drainage, management 
practices, and some climactic factors influence salinization. Maggio et al. [11] 
reported that salinity reduced total plant water uptake and seemed to be a very 
important variable affecting total plant water uptake. Romic et al. [12] stated that 
influence of increasing salt concentrations in irrigation water using different 
irrigation systems (sprinkler and drip) in the watermelon production on plastic 
mulch. Crowley and Arpaia [16] showed that when the total dissolved salt 
concentrations in the soil solution exceed an electrical conductivity (EC) of 
4 dS m-1, avocado trees are no longer able to extract water even if the soil is 
water saturated. Wenju et al. [17] found that the use of saline water causes the 
ECe  of the top soil (0–100 cm) to be higher and more variable than the subsoil 
(100–180 cm). Also the use of poor quality water for irrigation could have 
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detrimental effects on specific absorption rate (SAR), and EC. In order to 
prevent such problems or curtail further problems, Volschenk [4] showed that 
effects of salinity on soil properties are not restricted to low salinity and high 
SAR, but that clay dispersion may occur where irrigation water with a SAR of  
below or about 1 and EC of less than 0.1 dS m-1 is applied to soil. Kafi et al. [18] 
observed that growth stimulation by 15 dS m-1 salinity suggests that longer term 
field trials would be justified to evaluate the growth potential to reuse second-
generation drainage water, saline and shallow ground waters, and even seawater 
for irrigation. Species with threshold of yield reduction well above the salinity of 
the irrigation water is needed (Khan et al. [19], Munns and Tester [20], Yensen 
and Biel [21]). 
     One of the important agricultural in the Saudi Arabia is the shortage of 
suitable sources of water besides balancing supply and demand while facing 
aridity and water scarcity, non-renewable supplies, poor quality of ground water, 
maldistribution of supplies, salt water intrusion, and over drafting and 
contamination of aquifers for agricultural purposes (Mohorjy and Grigg, [22]). 
The increasing demand for domestic, industrial, environmental and recreational 
water will force agriculturists to manage irrigation water carefully, contributing 
to environmental preservation. In parallel, brackish and saline water resources 
not used nowadays could be employed for irrigation if greater knowledge of salt 
tolerance and proper technology are developed.   
     Knowledge of the chemical composition of the water is necessary but not 
sufficient to evaluate its suitability for irrigation. Other factors such as climate, 
soil characteristics, drainage conditions and the irrigation method should be 
considered in order to define the appropriate land use and water management. In 
the near future, the limitation of water resources in the arid areas will be 
increased. Therefore, it is important to study the effect of using irrigation water 
of poor quality in agriculture. The challenge of the future will be to maintain or 
even increase water productivity with less water or with water with poor quality. 
The main objective of the study is to evaluate the effect of prolonged use of 
different salinity levels of irrigation water on soil salinity of different soil types 
under center pivot sprinkler irrigation system over three years period in the 
central region of Saudi Arabia.  

2 Materials and methods 

A number of field experiments were carried out and repeated during three 
successive seasons for wheat crop started from January, 2007 to May, 2009 at 
different private farms located in different areas of Riyadh region in the middle 
of Saudi Arabia. The region is classified as hot and dry with desert climate, and 
the average annual rainfall and evaporation about 50 mm and 4500 mm 
respectively. The irrigation system used in each field was center pivot sprinkler 
system and each system irrigates area ranged between 50 to 54 hectares. Soil 
sampling was done from five randomly selected sites in each field and repeated  
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four times during the experiment, i.e. after layout of the experiment before 
planting (original soil) in January of each year, and at the end of May of each 
year. The five fields planted only wheat crop each year in the beginning of 
January until the mid of nearly May of each year. Then in September of each 
year the fields were ploughed and cultivated to prepare the fields for the next 
season for planting the wheat crops. Soil Samplings were taken at different 
depths from soil surfaces (10, 20, 40 and 60 cm) to be analyzed. Composite 
samples were prepared from the soil samples collected from each field. Also, to 
determine the effect of prolonged use of different water quality levels on soil 
salinity under each center pivot sprinkler irrigation system at the end of each 
year. Also, particle-size analysis of the original soil for each field was carried out 
as shown in table 1. Data in table 1 showed that the types of soils in the fields 
were varied in their physical characteristics. 

Table 1:  Some physical characteristics of the studied soils in five fields. 

Field Soil type 
Sand 
(%) 

Clay 
(%) 

Silt (%) 

A Loamy sand 83% 15% 2% 

B Sandy clay 53% 42% 5% 

C Loamy sand 86% 12% 2% 

D Clay 23% 70% 7% 

E clay 23% 7 0% 7% 

 
     The sources of irrigation water for all fields were waters pumped from a deep 
well located at each field. Water samples were collected from different spray 
nozzles along the lateral line of each center pivot system before planting of first 
season of 2007. The water samples were analyzed to determine its salinity and 
chemical compositions and all the major cations and anions were determined as 
shown in table 2.  The salinity and sodicity hazards classification of irrigation 
waters was done according to the standards established by Ayers and Westcot 
[5]. The irrigation waters used in five fields were varied in their salinity levels 
for low saline water to high saline water, as demonstrated in table 2.  
     It should be mention that all fields during the study received non-uniform 
application of bio-fertilizers, and these fertilizes were nitrogen (N), phosphate 
(P2O5) and potassium (K2O) and the average applications of bio-fertilizers during 
the study ranged from 250-280 kg N/hectare, 150-225 kg P2O5/hectare and 40-
100 kg K2O /hectare respectively. These quantities of fertilizers were added three 
times for each field during each year and injected with irrigation water through 
the irrigation system.  
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Table 2:  Chemical composition of water used for irrigation in five fields. 

Field pH SAR ECiw 
Milli equivalents per litre ( meq/l) 

K+ Na+ Ca2+ Mg2+ HCO3
- SO4

2- Cl- 

A 6.87 2.66 0.46 0.10 2.00 2.35 0.66 0.90 1.00 1.69 

B 6.52 1.06 1.40 0.10 3.00 7.10 4.26 2.52 9.21 2.54 

C 7.72 2.16 2.44 0.21 8.00 9.50 5.33 3.79 5.00 10.73 

D 7.2 2.40 5.02 0.21 14.00 12.25 11.07 4.48 32.08 11.30 

E 7.13 3.03 6.55 0.31 26.52 35.00 - 2.20 - 19.97 

3 The results and discussions 

The effect of prolonged use of different water quality levels; ECiw on Soil 
salinity under each center pivot sprinkler irrigation system was investigated. The 
average water salinity levels used for irrigation water were 0.46 dS m-1 for field 
A, 1.4 dS m-1 for field B, 2.44 dS m-1 for field C, 5.02 dS m-1 for field D and 
6.55 dS m-1 for field E. The ECe values of soils at each depth before planting and 
after harvesting for each season for three years at different depths were 
determined and presented in fig. 1. Figure 1 shows the  effect of irrigation water 
salinity; ECiw on soil salinity; ECe for different soil types throughout the soil 
profiles for three successive seasons of wheat crops in five fields under center 
pivot sprinkler irrigation systems. In fig. 1, it can be seen that the ECe values of 
the original soil before planting (before the first season of 2007) were high at all 
depths for fields A, B and C, but at end of first season, the soil salinity was 
decreased in these fields remarkably to lower values at all depths. This decrease 
in soil salinity in each soil depth varied from field to another, but  the soil surface 
depths (0.1 m) for fields A, B and C have less soil salinity compared to lower 
depths (0.2 – 0.6 m). This could be attributed to the increase effect of irrigation 
water salinity on the top soil surface depth (0.1 m) compared to the lower depths. 
     However, fig. 1 also, showed that the ECe values of the original soil before 
planting of 2007 were low at all depths for fields D and E, but after the first 
season the soil salinity was increased in these fields remarkably to higher values 
at all depths. Also, it can be noticed that the surface depths in these two fields 
have the higher values of soil salinity than the other depths (02-0.6 m), but 
varied from location to another. Also, the increase in the soil salinity throughout 
the soil depths was high during the first season and slight increase in the 
following two seasons, however, the remarkable increase can be noticed at the 
surface 0.1 m depth. The concentration of salts in the upper horizons of the 
profiles was due to evaporation of water from the salts applied in irrigation water 
and the irrigation waters used in both fields (D and E) have high water salinities 
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and the soil type in both fields were clay soil. The salt build up will be increased 
with heavy soil texture which restricts water movement through the soil profile 
as in the fields D and E. 

 

Figure 1: Effect of irrigation water salinity on soil salinity at different soil 
depths in five fields for three years. 

     Also,  fig. 2 showed the comparison between the soil salinity for each field 
before the planting of first season 2007 and the average of soil salinity levels 
during the three seasons through the soil depths (10, 20, 40 and 60 cm) for five 
fields. Figure 2 revealed that irrigation water salinity affected the soil salinity 
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levels, either by decreasing soil salinity in fields A, B and C, and increasing it in 
fields D and E. The variations in soil salinity levels depend mainly on water 
salinity, soil type and other factors such as leaching requirement added during 
irrigation, climate, soil characteristics and drainage conditions should be 
considered. Therefore, the results presented in fig. 1 and fig. 2 for fields A, B 
and C showed that the irrigation with low levels of saline water (0.46 dS m-1 to 
2.44 dS m-1) resulted in the decrease of soil salinity throughout the soil profiles 
for all fields. This decrease in soil salinity levels indicated the soil salinity was 
improved and this may be due to the amount of leaching requirements was high 
and the irrigation water used has low salinity levels to some extent in the three 
fields. 
 

 

Figure 2: Effect of irrigation water salinity on the average of soil salinity for 
three years at different soil depths in five fields. 
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     Also, fig. 1 and fig. 2 revealed that the irrigation with high levels of saline 
water (5.02 dS m-1 to 6.55 dS m-1) resulted in the increase of soil salinity 
throughout the soil profiles for fields D and E. However, the  obtained results 
showed that the soil salinity values remains closely the same and does not 
influenced by the prolonged use of low salinity waters for a number of years for 
all fields during the study. The concentration of salts in the upper horizons of the 
profiles was due to evaporation of water from the salts applied in irrigation water 
and the irrigation waters used in both fields (D and E) have high water salinities 
and the soil type in both fields were clay soil. 

4 Conclusion 

In this study, field experiments were conducted to study the effect of different 
water qualities on soil salinity for different soil types for three years under center 
pivot sprinkler irrigation system.  
     The results of the study showed that there were differences in the effect of 
water quality on soil salinity depending on the irrigation water quality and 
quantity, soil type and leaching requirement.   In fact, there was a decrease in salt 
concentrations with some soils as indicated by ECe of soils in field A, B and C 
throughout the soil profiles. This rate of salt decrease is related to the value of 
ECiw, and the high rate decrease in soil salinity at field A was due to receiving 
irrigation water with less salinity (0.46 dS m-1). Also, the results showed that this 
high decrease in soil salinity through the soil profiles occurred mainly at first 
season and not with increase of the number of seasons. Also, the high rate of salt 
increase accumulated in the soil profiles at fields D and E was due to the 
irrigation of high saline water, and this increase was noticeable at the surface 0.1 
m depth. This increase of soil salinity indicates that the effect of poor water 
quality on soil salinity was caused by the build up of the salts throughout the soil 
profiles. The salt build up will be increased with heavy soil texture which 
restricts water movement through the soil profile as in the fields D and E. 
     Also, the obtained results showed that the decrease or increase in soil salinity 
through the soil profiles for all fields occurred mainly at first season and slight 
increase in the following two years, and not with the increase of the number of 
years, and the soil salinity values remains closely the same and does not 
influenced by the prolonged use of low or high salinity waters for a number of 
years for all fields during the study.  
     It is concluded that the selection of water quality, leaching requirements and 
soil type is very important to avoid major management problems. Also, It can be 
drawn from these results that under the local conditions, the level of salinity of 
irrigation water below 2.5 dS m-1 can be used for agriculture without major 
detrimental effect on wheat crop, but at higher salts concentration in irrigation 
water crop and soil will be affected and then more considerations should be 
taken. 
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