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Abstract: Saudi Arabia is an arid and the largest country in the middle east with a total land area of
2.253%10° km®*. Recent urban and rural expansion has shown manifold increases in water use in various sectors.
Water resources are limited and non-renewable coupled with unpredicted scanty rainfall. In order to meet the
rising water needs, evaluation of water quality 1s important for allocation to various uses. A total of 101 well
water samples were collected from Al-Ahsa Oasis. Water samples were analyzed for total salt concentration,
pH, Ca, Mg, Na, K, HCO,, Cl, 50,, NO,, F and B contents. Soil Salinity Development (S3D), adjusted sodium
adsorption ratio (ad). SAR), adjusted sodium adsorption ratio (adj. R,,) and Exchangeable Sodium Percentage
(ESP) were calculated. The EC of groundwater ranged between 1.23 and 5.05 dS m™'. Sodium was the most
abundant cation followed by Ca, Mg and K in descending order. Chloride was the most abundant anion
followed by SO, and HCO, in groundwater of Al-Ahsa Oasis. A significant correlation was found between Na
and Cl (R’ = 0.936). Thermodynamics calculation revealed that an appreciable amount of Ca and Mg is
assoclated with Cl and SO, 1ons. The SAR and ESP values are within the permissible limits according to Ayers
and Westcot, 1985, The NO, concentration is within safe limits for drinking purpose according to WHO (1998)
standards. The Saturation Indices (ST) indicated that groundwater is under-saturated (negative SI) with respect
to certamn minerals (for example: calcite, dolomite, gypsum, anhydrite, halite, pyrite, fluorite and aragomite) and
oversaturated (positive SI) with respect to some other minerals (For example: Goethite, Siderite and hematite).
The negative saturation index (ST) reveals that most of minerals are in un-saturated state and will dissolve more
Ca and Mg into the soil solution after irrigation. A good relationship exists between Cl and other ions (Na, Ca
and Mg) as well as between SO, and Ca and Mg ion of groundwater. The salinity and sodicity hazards of
groundwater of Al-Ahsa Oasis were classified as C331 and C432 1e., high salimty with medium sodicity
problems. The predicted soil salinity suggested application of 15-20% leaching requirements to keep soil
salinity within permissible limits. Cultivation of slight to moderate salt and sodium tolerant crops is
recommended for optimal agricultural production and efficient water use.

Key words: Water salinity, sodium adsorption ratio, satwration indices, nitrate, soil salinity, leaching
requirements

INTRODUCTION corner of the Oasis. The overall area 1s considered as twin
Oasis with an Oasis in the north and the other m the
south.

Saudi Arabia is an arid and the largest country in the

middle east with a total land area of 2.253x10° km®. Recent

Al-Ahsa, often referred to as the largest and the
oldest Oasis in the Arabian Peninsula, is located in the
Eastern Region of Saudi Arabia about 150 km south of the

port of Dammam and 320 km south-east of the capital,
Riyadh. Tt extends from approximately 25° 21" to 25° 37'
latitude north and from 49° 33' to 49° 46' longitude east. Tt
embraces an L-shaped area of 320 km” with vertical stroke
lying in a due north-south direction and the province
capital, Hofuf lying in the corner of the I.. The entire
cultivated area, which used to be over 20,000 ha, is not
continuous at present, being nterrupted around the
towns of Hofuf and Al-Mubaraz in the south-western
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urben and rural expansion has shown manifold increases
in water use in various sectors. For example in the
agricultural sector, the total cropped area in the Kingdom
increased from 1.25 (1988) to 1.51 (1992) million hectares
(Anonymous, 1992). Comnsequently, the demand for
irrigation  supplies showed manifold increases from
1.75 billion m* in 1975 (Anonymous, 1983) to
22.93 billion m’ in 1992 (Dabbagh and Abderrahman,
1997). According to an estimate, more than 80% of water
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demand in agriculture sector is currently being met from
non-renewable groundwater sources (Anonymous, 1992).

The quality of water for various uses 18 determined
by its physical characteristics, chemical composition,
biological parameters and the conditions of use. Because
all the waters, surface or sub-surface, contam salts n
different amounts and proportions and will increase the
salt concentration of soil solution upon irrigation,
because water will evaporate under highly evaporative
environmental conditions thus leaving the salt into the
soil. Besides Al-Ahsa Oasis (Hussain and Sadig, 1991;
Al-Hawas, 2002), many
water quality m other regions of Saudi Arabia such as
Wadi Al-Yamamyah (Bazuhaw and Alkaff, 1989);
Al-Qassim Region (Farug et af., 1996), Saudi Ground
water chemistry (Mee, 1983) and chemical composition of
ground waters of Saudi Arabia (Anonymous, 1985;
Allael-Din et al., 1993).

Information on the chemistty of groundwater in
Al-Ahsa Oasis is limited for determining its use for
various purposes. The main objective of this paper is to
study the chemistry of groundwater of Al-Ahsa Oasis and
predict its effects on soil properties.

researchers have evaluated

Climate of Saudi Arabia: The Arabian Peninsula is
located in an arid belt extending from Northern Africa
through Arabian Pemunsula, Iran and Mongolia.
According to Lin (1984), the yearly potential evaporation
(Hofuf-3359 mm) 1s much greater than the yearly mean
rainfall (Hofuf-69.6 mm). High evaporative conditions and
madequate wrigation supplies determine the hydrology,
land development and vegetation of the area.

High temperatwe during summer 1s the most
significant climatic factor of Saudi Arabia. An extreme
maximum air-temperature of 51.3°C was recorded at
Hofuf in June 1983. However, in general, the maximum
daily air-temperature often exceeds 45°C and the relative
humdity 1s also very low in summer. The diurnal variation
of the air-temperature 1s strikingly high and causes the
apparent diurnal variations of relative humidity. Though
the overall awr-temperature variation have been observed
from -2.6 to 51.3°C but might frosts are rare.

The arable land in Al-Ahsa Oasis was estimated to
be about 16,000ha (Vidal, 1951). Dwing the following
15 years, this area decreased to about 8,000 ha due to
resalination of the soil because of over irrigation and or
inadequate drainage. Alfalfa, dates, vegetables, melons
etc were the main agricultural products. According to a
report from the statistical section of Hassa Trrigation and
Drainage Authority (HIDA) in 1978-80, the agricultural
productive land was as below:
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Total area of Oasis
Land able to be irrigated

=15,920ha
=13,434ha

Accordingly, only 40% of the total area 13 being
cultivated to grow different types of crops.

The extension service of HIDA advises farmers about
the modem techniques of cultivation and use of fertilizers.
As a result, the agricultural acreage mcreased and
statistics for 1983 were as follows:

Land actually cultivated (well farmed) = 7.906 ha
Land actually cultivated (not well farmed) = 4,438 ha
Total land actually cultivated = 11,534 ha
Fallow land = 1,900 ha

Water resources: A number of sources contribute to the
overall water supplies in Al-Ahsa Qasis as follows.

The annual rainfall is around 73 mm and is considered
practically negligible from agricultural pomt of view
{Anonymous, 1979).

Important aquifers in the eastern regions of Saudi
Arabia are Wasia, Umm-Er-Radhuma, Al-Khobar, Alat and
Neogene. The water quality varies within each aquifer as
well as between aquifers. It generally increases m the
direction of the hydraulic gradient ranging between
2000-6000 mg L~ (Wasia) and 1000-3500 mg L.~
(Neogene).

Free flowing springs are the basis for existence of
Al-Ahsa Oasis. Farly records on number, location, water
quality, water temperature, purity and discharge date
back to 1941 and 1951 (Vidal, 1951). From the research
done on springs for the design of HIDA, it was found
that only 32 springs have enough production to be
connected to the new imrigation project (Anonymous,
1978). The 32 main springs are:

¢ Group of Springs (Al-Mutarifi) 7
s Group of Springs (East of Hofuf) = 22
s+ Am-Harah (Mubarraz) =1
»  Am-Jauthariyah (Al-Buttaliya) =1
¢ Ain-Nasser (Al-Qrain Village) =1
Total Springs =32

Wakuti (1964) conducted first detailed study on
spring discharge while doing feasibility study for the
entire Oasis. The detail is given as:

Description Discharge (L")
Three hundred and thirty six wells, free flowing or 0.5-10
purmnped/swell (estimated)

Eighty Five small springs, fiee flowing or 2.5-20
pumped/spring (estimated)

Thirty two main springs (maximum discharge) 25.0-1700
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MATERIALS AND METHODS

The study was conducted in Al-Ahsa Oasis in the
Eastern Province of Saudi Arabia about 80 km to the
northwest of capital Dammam during 2004. The irrigation
network in the Oasis 15 covered by a well defined network
of drainage canals to carry excess water (rrigated fields)
to two common lakes (D-1 and D-2).

A total of 101 water samples were collected from
different wells located in the Oasis during the winter
months of November and December 2004 in the year
(Fig. 1) and about 1 1. water was collected. The water
samples were collected m plastic bottles, pH and EC were
measured instantly and the samples were stored in an

ice box dwring transportation. Each sample was divided
into two portions; one for cation analysis and the other
for anion determinations. Concentration of total
dissolved ions, Ca, Mg, Na, K, CO,, HCO,, C1, 30,, F and
NO, were determined. The analytical procedures used for
these determinations were those described in UDSA
Handbook No. 60 (1954) and are shown in Table 1.

Soil Salimty Development (SSD), adjusted sodium
adsorption ratio (adj. SAR), Adjusted sodium adsorption
ratio (adj. Ry, and Exchangeable Sodium Percentage
(ESP) were calculated from the analytical data (Oster
and Rhoades, 1977). The SSD was calculated according
to Ayvers and Westcot (1985). The equations used to
calculate different water quality evaluation parameters
were:
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Fig. 1: Location map of groundwater sampling in Al-Ahsa Oasis
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Table 1: Analytical methods used in the study

Parameters Method
Electrical conductivity Conductivity bridge
pH Glass electrode
Sulfate Turbidiometricalty
Chloride Titration method
Alkalinity Titration method
Total dissolved salts Gravimetrically
Cations Flame photometer
SSD = EC,, = EC, /LF (1)
Where:

Ec,, = Salimty of the dramage water percolating below
the plant root zone

Ec,,, = Salimty of wrigation water

LF = Leaching fraction 1s the amount of irrigation water
that leaves the root zone as drainage water

The Sodium Adsorption Ratio (SAR) was calculated
as below (USDA, 1954):
SAR = Na/[(Ca+ Mg)/2)]" (2)

The adjusted Sodium Adsorption Ratio (adj.SAR)
was calculated as (Ayers and Westcot, 1976):

adj.SAR = SAR,, [1 + (8.4-pH,] (3
Where:
SAR,, = Sodium adsorption ratio of the groundwater as
calculated by the normal SAR equation
pH, = a theoretical calculated pH of irrigation water

when in contact with lime and in equilibrium
with soil CO,

pH, = (pK',-pK'.) + P(Ca + Mg) + P(Alk)

Where, P(CatMg) and P(Alk) are negative logrithms
of the molar concentration of CatMg and titrable
CO, + HCO,, respectively. The pK,' and pK', are the
negative logrithms of the second dissociation constant of
H,CO, and solubility product of CaCO,, respectively.
Positive values indicate that CaCO, should precipitate and
negative values indicate that water will dissolve CaCO,.
The data for calculating pH, is given by Ayers and
Westcot (1976).

The (pK',-pK',) is obtained by using the sum of Ca +
Mg + Na of imrigation water in meq L™' and P(Alk) is
obtained by using the sum of CO; + HCO, of urrigation
water in meq L. 7",

The adjusted sodium adsorption ratio (adj. Ry,) was
calculated according to Suarez (1981) using the followimng
equation:

adj. Ry, = Na/[Ca, + Mg/2]"* (4)
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Where, all concentrations in (meq 1.7"), Ca, represents
concentration after counting for HCO, of the wrigation
waters.

The Exchangeable Sodium Percentage (ESP) was
determined as:

p_ 100 (-00126 + 0.01475x SAR
1 +(-0.0126 + 0.01475x SAR)

3

Where:
SAR = The SAR of the soil solution resulting from

urigation with groundwater

The wnigation waters were classified according to the
water classification scheme of UUS Salinity Laboratory
Staff TISDA (1954) and Ayers and Westcot (1985).

The calculated ad).SAR takes into account the effect
of Na and CO, + HCO, of imigation water on soil
properties. This concept was developed by Bower et al.
(1968) and has been found very useful for predicting the
effect of sodium hazard of irrigation water on soil
properties. Moreover, the new term adj. Ry, is used in
place of the normal SAR to evaluate better the potential of
the water to cause an mfiltration problem due to relatively
high sodium m wrigation water supplies. It was assumed
in this equation that only Ca in the wrigation water
precipitates as CaCO; and the Mg remains in solution and
the partial pressure of CO, near the scil surface (P ) is
0.0007 atmosphere.

The chemistty data were evaluated by applying
various statistical techniques according to Snedecor and
Cochran (1973).

RESULTS AND DISCUSSION

Chemistry of groundwater: The ranges of different
water quality parameters were 1.23-3.05dS m ' (EC),
1.80-31.94 megqL™ (Ca), 3.77-12.88 meqL™" (Mg),
6.09-31.33 meq L7' (Na), 0.24-0.89 meqL™ (K),
1.88-4.20 meq L.™' (HCO,), 5.77-32.59meqL™" (Cl),
425917 meqL™" (SO,), 530-3750meqL™" (NO,),
1.51-8.30 (SAR) and 1.97-10.31 (ad). RNa)and 4.15-21.78
(ad].SAR) in the whole Oasis (Table 2). The order of
abundance for cations was Na>Ca>Mg, while that of
anions was C1 >S0,>HCO,. A significant correlation was
found between Na and Cl ions (R* = 0.936) because Na
and Cl were the dominant cation and anion, respectively
1n the groomdwater of Al-Ahsa Oasis when compared with
other cations/anions. This means that the groundwater of
Al-Ahsa 13 mainly Na and Cl water with other parameters
being within the safe limits for irrigation. Thermodynamic
calculations revealed that a significant fraction of Ca and
Mg in the groundwater was associated with SO, and
HCO,. However, most of the Na and Cl were found in free
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Table 2: Chemical composition of groundwater of Al-Ahsa Oasis (Sample No. 0 is the used standard according to WHO, 1998)

Sample EC TDS K HCO; NO; F Water
No. pH _ @Sm™ (mgl™ Ca Mg Na (MegL™)) (MeqL™ (I 50, mgl™H (mgl™h SAR class
0 45.00 1.50

1 6.70 2.08 1928 808 .00 16.44 0.73 2.4 22.45 7.51 26.20 1.10 6.01 C482
2 T7.00 2.85 1910 808 6.00 16.27 0.73 2.4 22,12 742 12.30 1.30 5.95 C482
3 7.10 225 1660 838 .00 12.61 0.45 3.08 15.55 871 26.80 1.30 4.70 C382
4 T7.00 243 1732 Q18 6.00 12,98 0.42 3.20 15.74 9.58 24.00 1.20 4.71 C482
5 6.90 216 1660 878 .00 12.61 0.47 3.28 15.53 870 17.10 1.20 4.4 C381
6 T7.00 2.64 1824 T.78 6.00 15.85 0.63 2.84 18.68 8.83 16.80 1.30 6.04 C482
7 6.90 245 1692 878 4.93 13.53 0.72 2.84 16.93 825 16.50 1.50 5.17 C482
8 T.10 2.80 1836 878 564 15.66 0.68 304 20.54 T.13 25.70 1.00 5.83 C482
9 7.00 210 1624 858 .00 13.13 0.45 3.87 14.60 7.97 24.90 1.20 4.86 C382
10 T7.00 2.07 1480 T.08 5.60 10.53 0.52 3.08 14.23 7.29 25.70 1.20 4.04 C381
11 770 2.00 1328 7.98 4.40 0.94 0.45 316 13.12 6.46 27.30 1.10 3.99 C381
12 7.20 210 1398 878 4.40 .81 0.45 312 13.32 6.59 27.30 1.10 3.82 C381
13 6.90 2.64 2084 10.78 T.42 15.94 0.67 2.84 22.79 Q.17 28.50 1.10 5.29 C482
14 710 2.09 1382 719 5.60 Q.85 0.50 3.306 13.29 6.34 26.60 1.10 3.90 C381
15 .80 5.05 3566 15.37 12.88 31.33 0.89 3.4 43.66 13.88 21.30 1.20 8.34 C483
16 T.10 228 1578 838 6.00 11.53 0.53 2.96 16.80 6.8 20.70 1.10 4.30 C482
17 7.50 1.84 1372 6.39 .00 10.24 0.45 3.08 13.84 6.51 6.80 1.50 4.12 C381
18 T.30 1.84 1302 5.99 5.60 .89 0.44 3.20 12.92 6.09 6.40 1.50 4.11 C381
19 7.50 240 1504 7.29 5.20 12.11 0.52 2.96 15.94 6.56 8.40 1.20 4.85 C482
20 T.10 4.09 2948 1647 10.79 21.33 0.73 2.84 3126 15.08 28.60 1.20 5.78 C482
21 7.60 1.23 952 4.39 4.80 6.09 0.45 34 7.27 5.57 5.80 2.50 2.84 C381
22 T.30 1.95 1352 6.99 4.80 10.27 0.50 304 13.99 5.96 6.30 1.70 4.23 C381
23 7.20 3.30 2386 10.68 10.39 1847 0.61 3.08 2556 1142 31.30 1.10 5.69 C482
24 7.20 3.73 2416 11.88 6.49 21.31 0.69 2.96 26.17 1096 37.50 1.20 7.03 C482
25 7.60 340 3262 29.54 13.19 6.98 0.53 2.4 577 42.03 6.20 2.70 1.51 C481
26 6.90 1.60 1104 6.39 6.00 6.09 0.26 3.20 943 6.14 9.20 1.30 2.45 C381
27 7.60 1.81 1294 619 5.4 0.58 0.48 3.08 12.76 6.17 6.50 1.60 3.97 C381
28 7.20 1.99 1336 .89 4.96 Q.95 0.46 316 12.75 6.65 7.40 1.70 4.09 C381
29 6.70 340 3452 31.94 12.79 Q.65 0.45 3.70 10,70 3948 6.00 3.00 2.4 C481
30 740 1.99 1360 6.79 6.00 Q.68 0.50 3.20 12.30 6.90 26.00 1.30 3.83 C381
31 7.10 2.80 2396 17.17 11.19 .83 0.48 3.4 12.85 22.82 13.60 1.80 2.61 C481
32 T.30 3.50 2304 888 6.32 23.67 0.78 2.84 26.57 1011 20.10 1.40 8.59 C483
33 7.30 2.70 1902 838 613 1646 0.73 2.84 21.16 775 23.70 1.50 6.11 C482
34 T.30 2.56 1854 833 6.13 15.93 0.70 3.28 20.03 T.76 21.40 1.50 5.93 C482
35 .80 2.62 1764 823 613 14.61 0.70 3.4 19.13 7.38 18.90 1.00 5.45 C482
36 T.70 2601 1786 858 616 14.53 0.73 3.00 19.64 742 17.20 1.10 5.35 C482
37 6.60 2.61 1720 7.98 .00 14.80 0.76 2.84 18.68 7.05 19.60 1.10 5.60 C482
38 .80 2.52 1720 T.08 6.00 14.72 0.73 2.88 18.79 T.09 19.80 1.10 5.57 C482
39 .80 371 2726 11.58 11.59 22.63 0.70 3.08 3024 1291 5.80 1.80 6.65 C482
40 7.50 3.6l 2724 11.28 10.82 2324 0.76 2.84 2062 12.60 47.20 1.50 6.99 C482
41 7.80 3.72 2670 11.18 9.99 2340 0.71 2.84 2012 11.99 49.60 1.50 7.19 C482
42 210 243 1494 7.30 4.43 12.81 0.53 2.92 15.38 6.26 27.10 0.95 5.29 C482
43 6.90 2.30 1502 7.04 5.00 12.62 0.54 2.88 15.58 6.30 27.10 0.95 5.14 C482
44 T7.00 2.80 1878 8.60 5.60 16.54 0.53 2.76 21.83 .88 28.50 0.80 6.20 C482
45 7.20 210 1442 691 4.75 11.76 0.48 2.80 14.67 6.35 28.90 1.00 4.87 C382
46 T7.00 2.20 1362 6.79 3.77 10.80 0.47 3.08 13.27 6.15 28.20 1.10 4.70 C382
47 7.10 2.30 1366 6.79 4.59 10.93 0.47 3.4 13.52 6.08 28.30 1.20 4.58 C382
48 T7.00 210 1392 671 5.00 10.97 0.48 304 14.03 6.4 27.50 1.00 4.53 C382
49 6.90 210 1396 712 4.90 10.85 0.47 3.4 14.11 6.02 25.80 1.00 4.42 C382
50 T.10 2.20 1428 T.30 4.18 11.69 0.48 2.76 14.67 6.17 24.70 1.00 4.88 C382
51 7.20 3.10 1890 853 5.49 17.15 0.55 2.80 22.63 6.36 27.60 1.10 6.48 C482
52 7.20 3.00 1924 T.08 5.99 1810 0.59 2.84 22.69 6.54 29.00 1.10 6.85 C482
53 7.10 3.00 1938 838 573 17.93 0.57 2.88 22.72 6.75 20.70 1.10 6.75 C482
54 7.20 2.80 1756 834 517 1546 0.58 2.92 19.35 6.71 27.80 1.10 5.95 C482
55 7.00 2.80 1720 7.86 5.24 15.24 0.58 2.80 19.47 6.26 25.80 1.10 5.95 C482
56 7.20 2.70 1720 7.86 524 15.30 0.59 2.80 19.24 6.37 27.10 1.10 5.98 C482
57 7.20 2.60 1742 9.00 5.16 14.70 0.59 2.80 17.06 839 19.40 1.40 5.52 C482
58 6.90 2.80 1702 835 4.83 14.88 0.55 3.00 18.62 6.46 26.80 1.10 5.80 C482
59 .80 2.85 1754 859 5.16 15.03 0.58 3.00 18.62 7.30 28.00 1.10 5.73 C482
60 6.90 293 1746 8.67 516 14.88 0.59 3.00 18.76 T.05 27.50 1.10 5.66 C482
61 7.00 2.50 1710 876 5.41 13.92 0.56 3.00 16.82 829 20.60 1.20 5.23 C482
62 T.10 272 1808 8.84 582 14.77 0.58 3.00 17.94 8.81 16.80 1.30 5.45 C482
63 7.30 2.82 1922 818 5.49 1812 0.65 2.96 21.45 7.62 16.00 1.40 6.93 C482
04 T7.00 3.20 1980 835 5.57 18.68 0.63 3.00 21.38 8.52 15.80 1.30 7.08 C482
65 7.00 2.98 1848 802 5.49 17.08 0.60 2.88 20.23 7.63 16.30 1.30 6.57 C482

336












Pak. J. Biol. Sci., 11 (3): 332-341, 2008

15% excess water above crop water requirements (ET) is
applied as leaching requirement to maintain soil salimty
within acceptable limits.

Saturation indices: The chemical composition of natural
waters 18 derived from many different sources of solutes
mncluding both gases and aerosols from the atmosphere
and the weathering and erosion of rocks and soils.
Dissolution and precipitation reactions of minerals occur
below the soil surface where their concentration is
influenced by many environmental factors, especially the
position and the solubility of rock strata (water-rock
mteraction) (Lm and Clemency, 1980, Ronge and
Claesson, 1982).

Saturation Indices (SI) were calculated for
100 groundwater samples only from Al-Ahsa Oasis using
the speciation code WATEQ4 (Ball and Nordstrom, 1992)
and the PHREEQC model developed by Parkhurst (1995).
One water sample was missing and ignored in the
calculations. Mean saturation indices of different minerals
are given in Table 3. The groundwater is under-saturated
(negative SI) with respect to certain minerals (for example:
Calcite, dolomite, gypsum, anhydrite, halite, pyrite, fluorite
and aragonite) and oversaturated (positive SI) with
respect to some other minerals (For example: goethite,
Siderite and hematite). Actually, the SI 13 a measure of the
thermodynamics state of a solution relative to the
equilibrium with a specified solid-phase mineral. In the
study area, most of the groundwater 13 under-saturated
with respect to calcite, dolomite, gypsum, anhydrite,
halite, pynite, fluorite and aragomte, the groundwater flow
is capable of dissolving the aquifer rock thus increasing
both its porosity and permeability. The groundwater 1s
oversaturated with respect to goethite, Siderite and
hematite (ST is positive), these minerals will precipitate and
adversely affect the aquifer properties.

CONCLUSIONS

The EC of groundwater ranged between 1.23 and
5.05 dS m™' with Na and Cl as the most abundant cation
and anion, respectively. The SAR and ESP values are
within the permissible himits according to USDA, 1954,
The NO; concentration is within safe limits for drinking
purpose according to WHO (1998) standards except few
samples where the NO, concentration is very high. The
groundwater is under-saturated (negative SI) with respect
to certain minerals (for example: calcite, dolomite, gypsum,
anhydrite, halite, pyrite, fluorite and aragonite) and
oversaturated (positive SI) with respect to some other
minerals (For example: goethite, Siderite and hematite).
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The negative saturation index (ST) reveals that most of
minerals are in un-saturated state and will dissolve more
Ca and Mg 1nto the soil solution after wrigation. A good
relationship exists between Cl and Na, Ca and Mg 10ns as
well as between SO, and Ca and Mg 1on of groundwater.
Medium to high salimty and slight to moderate sodicity
problems could be expected from the prolonged use of
groundwater. The groundwater of Al-Ahsa oasis is mainly
Na and ca water rather than Ca and Mg dominant water
and will not create any serious soil salinity problem. The
predicted scil salinity suggests application of 15-20%
excess water above crop ET to fulfill leaching
requirements to keep soil salinity within permissible lunits
1n the crop root zone. Cultivation of slight to moderate salt
and sodium tolerant crops 1s recommended for optimal
agricultural production and efficient water use.
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