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Irrigation Water Quality Evaluation of Al-Hassa Springs
and its Predictive Effects on Soil Properties
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Department of Soil and Water, College of Agriculture and Food Sciences,
King Faisal University, P. O. Box 400 Al-Hassa 31982, Kingdom of Saudi Arabia

Abstract: The chemical composition of spring waters of Al-Hassa oasis, their water quality classification, its predictive sffects
on soil properties were determined and some potential management practices were suggested for maximizing its use without
serious soil degradation and loss of soil productivity. The ranges for different water quality parameters were: EC {2.90-4.24
dsS m), SAR (4.44-6.90), adj.SAR {9.76-16.66), ajd.Ry, (5.00-8.07). The ratios calculated among different cations and anions
ranged between 1.35-5.54 (Ca/Mg) and 1.88-4.33 (CIS(Q,). The spring waters ware higher in Ca*? and CI- contents than the
corresponding Mg*? and SO,~ ions. A positive correlation was found among different water quality parameters such as EC,
S5AR, ajd.SAR and adj.Ry.. The salinity and sodicity hazards of spring waters are classified as C,S, i.e. very high salinity with
medium sodicity problems. A Ieaching fraction of 15-20 % is recommended providing certain management practices such as
provision of adequate drainage, proper crop selection, suitable seeding practices and improved irrigation systems are adopted
to minimize the harmful effects expected from the use of these waters under the prevailing agro-climatic and plant growth

conditions.
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Introduction

Saudi Arabia is an arid and ths largest country in the middls sast
with a total land area of 2.253 x 10° km?. The total cropped area
in the Kingdom has increased from 1.25 (1988) to 1.61 (1992)
million hectares (Ministry of Agriculture and Water, 1992).
Consequently, the demand for irrigation supplies has shown
manifold increases from 1.75 hillion n in 1975 to 22.93 hillion m?
in 1992 {Dabbagh and Abderrahman, 1997). According to an
estimats, more than 80 % of water demand in agriculture sector
is currently being met from non-renewable groundwater
sources.

The quality of water for irrigation is determined by its chemical
composition and the conditions of use. Becauss all the waters,
surface or sub-surface, contain salts in different amounts and
proportions and, will increase the concentration of the soil solution
upon irrigation. Besides Al-Hassa Oasis, many researchers have
evaluated water quality in other regions of Saudi Arabia such as
Wadi Al-Yamaniyah {Bazuhair and Alkaff, 1989); Al-Qassim Region
(Farug et al, 1996); Saudi Ground water chemistry (Mee, 1983)
and chemical composition of ground waters of Saudi Arabia
{Allael-Din, et al, 1993).

High temperature during summer is the most significant climatic
factor of Saudi Arabia. An extreme maximum airtemperature of
51.34C was recorded at Hofuf in June 1983. However, in general,
the maximum daily air-temperature often excesds 45°C and the
relative humidity is also very low in summer. The diurnal variation
of the air-temperaturs is strikingly high and causes the apparsnt
diurnal variations of relative humidity. Though the owverall air-
temperature variation has been observed from -2.6 t0 51.3°C but
night frosts are rare {Lin, 1984).

The arable land in Al-Hass Oasis was estimated to be about 16,000
hectares (Vidal, 195 1). Water resources comprise mainby 1}. Rainfall
which is about 73 mm annually 2). Important water aquifers are
Wasia, Umm-er-Radhuma, Al-Khober, Alat and Neogene and 3).
There are 32 free flowing water springs according to Vidal (1951)
(Fig. 1)

Information on the quality of spring waters in Al-Hassa Qasis is
inadequate for guidance to the farming community Tor optimal
crop production. The main objective of this paper is to raview
irrigation water quality of Al-Hassa springs, its predictive effects
on soil properties and to determine its possible use in the field of
agriculture in Al-Hassa QOasis.
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Materials and Methods

The study was conducted in Al-Hassa Oasis which is, often
refarred to as the largest and the oldsst Oasis in the Arabian
Paninsula, located in the Fastarn Region of Saudi Arabia about
150km south of the part of Dammam and 320km south-sast of
the capital, Riyadh. It extends from approximately 256° 21 to 25°
37" (Table 1), latitude north and from 49° 33" to 49° 46" longitude

Table 1: Analytical methods used in the study

Parameters Methods References
Electrical conductivity Conductivity Bridge USDA (1954)
pH Glass electrode o

Sulfate Turbidimetrically

Chloride Titration method

Alkalinity Titration method

Total dissolved salts Gravimetrically

Cations Flame photometer e

Table 2: Data for Calculating pH,

Sum of concentrations pK'.-pK*, piCa+ Mg)  PlAlk)
{me L7

0.05 2.0 4.6 4.3
0.10 2.0 4.3 4.0
0.15 2.0 4.1 4.0
0.20 2.0 4.0 3.8
0.26 2.0 3.9 3.7
0.30 2.0 3.8 3.6
0.40 2.0 3.7 3.5
0.50 21 3.6 3.4
0.75 2.1 3.4 3.1
1.00 2.1 3.3 3.0
1.25 21 3.2 2.9
1.60 21 3.1 2.8
2.00 2.2 3.0 2.7
2.50 2.2 2.9 2.6
3.00 2.2 2.8 25
4.00 2.2 2.7 2.4
5.00 2.2 2.6 2.3
6.00 2.2 2.5 2.2
8.00 2.3 2.4 21
10.0 2.3 2.3 2.0
1256 2.3 2.2 1.9
15.0 2.3 2.1 1.8
20.0 2.4 2.0 1.7
30.0 2.4 1.8 1.5
50.0 2.5 1.6 1.3
80.0 2.5 1.4 1.1

(Source: Ayers and Westcot, 1976).
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Fig. 1: General map of the Qasis of Al-Hassan

east. It embraces an L-shaped area of 320 kn? {Fig. 1) with vertical
stroke lying in a due north-south direction and the province
capital, Hofuf lying in the corner of the L. The entire cultivated
area, used to be over 20,000 ha, is not continuous at present,
being interrupted around the towns of Hofuf and Al-Mubaraz in
the south-westren corner of the Oasis. The overall area can be
considered as twin Oasis with an Oasis in the north and the other
in the south.

Praviously, there were 32 major and minor Tree Tlowing springs.
The Water from these springs is utilized to meet irrigation
demands of the Oasis. However, excess watser, over the crop
water requirements, is applied to leach salts out of plant root
zons. Ths irrigation nstwork is coverad by a well defined nstwork
of drainage canals to carry excess water {leachate from fields) to
two common lakes.

Presently, the most active springs were selected for sampling
where water was available sither as free flow or being pumped
through a well installed at the site of a particular spring. About one
liter water was collected in November, 2000. The water samples
were collected in plastic bottles, pH and EC were measured, and
the samples wers stored in an ice box during transportation. Fach
sample was filtered through 0.45mm pore size filter paper and
divided into two portions; one for cation analysis and the othar
for anion determinations. Concentration of total dissolved salts,
Ca, Mg, Na, K, CO;, HCO,, Cl and S0, ware determined. The
analytical procedures used for these determinations were those
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describad in USDA Handbook No. 60, (1954) and are summarizaed
in Table 2.

Soil salinity development {SSD), adjusted sodium adsorption ratio
{adj.SAR), Adjusted Na Ratio (adj. Ry.), and Exchangeable Sodium
Percentage (ESP) were calculated from the analytical data. The
SSD was calculated according to Ayers and Westcot, (1985). The
sruation used was:

S5D = EC4, = Ecu/LF (1)
where
Fc,,  Salinity of the drainage water percolating below the plant
root zone.
FC. Salinity of irrigation water.
LF Lsaching fraction is the amount of irrigation water that

leaves the root zone as drainage water,

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

b. The Adjusted Sodium Adsorption Ratio (adj.SAR) was
calculated as Ayers and Westcot (1976).
ad.SAR = SAR, [1 + (8.4-pH.] (3)

Where SAR,, is sodium adsorption ratio of the irrigation water as
calculated by the normal SAR equation and pH. is a theoretical
calculated pH of irrigation water when in contact with lime and in
aquilibrium with soil CO,.

pH. = {pK', - pK'.) + P(Ca+ Mg} + P{AIK)

Where P(Ca + Mg} and P(Alk) are negative logarithms of the molar
concentration of Ca+ Mg and titrable CO; + HCOs, respectively.
The pK,;' and pK', are the negative logarithms of the second
dissociation constant of H,CO, and solubility product of CaCQs,
respectively. Positive values indicate that CaCO; should precipitate
and negative values indicate that water will dissolve CaCQOs. The
data for calculating pH. is given in Table 2.

c. The adjusted sodium adsorption ratio {adj. Ry.) was calculated
according to Suarez (1981) using the following equation.
adj. Ry, = Na/[Ca, + Mg/2]'* {4)

Where all concentrations in meq L™, Ca, represents concentration
after counting for HCO; of the irrigation waters.

The exchangeable sodium percentage (ESP) was determined as:
100 (-0.0126 = 0.01475 x SAR)

ESP = (B}
1(-0.0126 + 0.01475 x SAR}

Where SAR is the SAR of the soil solution resulting from irrigation
wvith spring watars. The irrigation waters wers classified according
to the water classification scheme of U.5. Salinity Laboratory,
Staff, USDA (1954).

Where (pK', - pK'.) is obtained by using the sum of Ca + Mg +
Na of irrigation water in me L~' and P(Alk) is obtained by the sum
of CO; + HCO; of irigation water in me L.

The calculated adj. SAR takes into account the effect of Na and CO,
+ HCO; of irrigation water on soil properties (Bower et al, 1968).
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Results and Discussion

Chemical composition of irigation waters: Different water quality
parameters ranged between 2.90-4.24dS m™' (EC), 7.10-7.46 {pH),
18b6-2714mg L' (TDS), 253-395mg L' (Na), 147-179mg L™ (Ca),
28-7mg L7 (Mg}, 21-31mg L' (K}, 170-194mg L' (HCOs),
540-738 mg L™" (CI), 241-465 mg L' {8Q,), 4.3-6.9 (SAR), 9.76-
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Fig. 2: Relationship between EC vs SAR, adj.SAR and adj.RNa
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Table 3: Prediction of soil salinity {FC of saturation paste extract, dS
') from irrigation with spring waters
Leaching fraction

Spring Water-EC

{dS5m™"'} 0.16 0.20 0.30 0.40 0.50
Al-Harrah 3.89 25.93 19.4b 12.97 9.73 71.78
Al-Huweirrat 4.24 28.27 21.20 1413 10.60 8.48
Um Sabah 4.03 26.87 20.15 13.43 10.08 8.06
Mansur 3.91 26.07 19.6b 10.03 9.78 7.82
Abu Nasser 4.09 27.27 2045 1363 10.23 8.18
Al-Jawahriya 410 27.73 2050 13.67 10.25 8.20
Al-Khadood 3.28 21.87 16,40 10.93 8.20 6.56
Al-Lawami 3.74 24.93 1870 12.47 936 7.48
Al-Manna 3.69 24.60 18.45 12.30 923 7.38
Um Alif 3.61 24.07 18.05 12.03 9.03 7.22
Ain Bahjah 3.60 24.00 18.00 12.00 9.00 7.20
Ain Brabar 3.55 23.67 17.75 11.83 8.88 7.10
Ain Um Dali 3.80 25.33 19.00 12.67 960 7.80
Ain Ammara 3.76 25.07 18.80 1253 940 7.62
Ain Raseeb 3.97 26.47 19.86 13.23 9.93 7.94
Urm Qurash 3.37 22.47 16.8b 13.48 8.43 6.74
Um Saif 3.36 22.90 16.80 11.20 8.40 7.72
Ain Bari Mann 3.75 25.00 1875 1250 938 7.50
Ain Sahla 3.92 26.13 19.60 13.07 9.80 7.84
Ain Al-Bahriya 2.90 19.33 14.50 9.67 7.23 5.80
Ain Al-Hawarat  4.12 27.47 2060 13.73 10.30 8.24
Table 4: Changes in spring water salinity
Spring EC dS m™*

19756 1990® 2000
Khudud 21 2.34 3.25
Haq|l 21 2.02
Umm Saif 2.2 -- 3.36
Amarah 2.4 -- 3.76
Rasibe 2.2 -- 3.97
Barabir 2.4 2.9 3.bb
Umm Allif 2.6 2.84 3.61
Buhadiji 2.4 2.76 3.60
Manah 2.4 2.81 3.69
Luwvaimi 2.4 3.02 3.74
Umm Dalli 2.5 3.3b 3.80
Bsetinat 2.4 3.02 -
Jaburiyah 2.6 2.83 2.90
Bahlah 2.4 2.49 3.92
Huwveirrat 2.5 2.69 4.24
Abu Nasser 2.b -- 4.09
Umm Sabah 2.4 2.64 4.03
Jauhariyah 2.3 2.69 4.10
Mansur 2.4 2.5b 3.91
Harrah 2.4 2.70 3.89
Ain Sumbor 2.5 2.69 -

*(Source: Anonymous, 1984)
bSource: Hussain and Sadig, 1991)

16.56 (adj.SAR) and 5.00-8.07 (adj.R..) in spring waters (Appendix
I & 11). The dominant cation is sodium (Na) followed by calcium
(Ca) and magnesium (Mg) whereas the dominant anion is chloride
(CI) followed by sulfate (30,) and bicarbonate (HCO,) in that order.
The waters are classified as C,S, according to USDA Handbook No.
60 (1954). Therefore, the present spring waters fall in the
category of very high salinity with medium sodicity problems.
These spring waters can be used safely for irrigation provided
certain land and water management practices ars adopted Tor
controlling the salt build up in soils. A strong correlation was
found between EC, SAR, adi.SAR and adj.Ry, (Fig. 2), with
corralation coefficient (r) valuas of 0.678 (EC vs SAR), 0.774 (EC
vs adj.SAR) and 0.731 (EC vs adj.Ry.). The relationship indicate
that the SAR wvaluss increass with the squars root concentration
of any increase in water salinity.
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Appendix |: Chemical composition of spring waters

Total Cations {mg/1) Anions {mg/l) SAR
Lab. Sender EC pH TDS Hardness
Ref. Id ds m™’ (mg/ly  (mgyl) Na K Ca Mg 50, HCO. Cl
01 Ain Al-Hara 3.89 712 2490 712 328 28 1638 71 367 178.1 660 5.3
02 An Al-Hawarat 4.24 7.44 2714 691 395 3N 179 59 410 185.4 717 6.5
03 Ain Um-Saba 4.03 7.09 2579 666 348 29 163 63 416 187.9 618 5.9
04 Ain Mansoor 3.91 7.40 2502 706 343 AN 169 69 235 194.0 767 5.6
05 Ain Nasser 4.09 7.23 2618 662 348 29 167 59 236 189.7 710 5.9
06 Ain Al-Jawahriya 4.10 7.43 2624 718 345 27 176 63 404 184.2 660 5.6
07 Ain Al-Khadood 3.28 7.45 2099 626 266 21 143 62 299 163.5 540 4.4
08 Adin Al-Low aimi 3.74 710 2394 720 295 22 171 71 408 175.1 532 4.8
09 Ain Al-Manna 3.69 716 2362 689 298 22 159 71 3562 178.7 604 4.9
10 Ain Um-Allif 3.61 715 2310 676 288 22 157 69 362 184.2 568 4.8
11 Ain Bahjah 3.60 7.20 2304 699 288 22 167 69 365 172.0 539 4.7
12 Ain Brabir 3.55 7.09 2272 680 300 22 163 67 241 182.4 6382 5.0
13 Ain Um-Dalli 3.80 710 2432 708 318 22 1638 70 262 186.7 710 5.2
14 Ain Amarah 3.76 7.06 2406 704 333 23 177 64 435 186.1 604 5.5
15 Ain Rasseb 3.97 7.10 25641 769 273 23 184 75 345 183.6 625 4.3
16 Ain Um-Quraish 3.37 7.13 2157 668 326 21 154 69 347 170.2 639 hb
17 Ain Um-Saif 3.36 7.09 2150 689 275 21 1538 71 3565 175.1 568 4.6
18 Ain Bani Mann 3.75 713 2400 743 315 22 171 77 336 1775 6382 5.0
19 Ain Bahla 3.92 713 2509 748 315 24 253 23 331 190.3 6382 5.0
20 Ain Al- Bahriyia 2.90 7.46 1856 601 253 21 147 57 246 181.2 547 4.5
21 Ain Al-Hawarat 4.12 /.28 2637 718 425 3N 168 73 465 190.9 738 6.9
Appendix-ll: Chemical composition of spring waters
Spring SAR adj. SAR adj. R.. ESP-1 ESP-2 ESP-3 Class
Ain Al-Hara .34 12.82 6.14 6.21 15.01 7.23 C,S8,
Ain AL-Hawarat 6.54 15.69 7.76 6.21 15.01 7.23 C,S8,
Ain Um-Saba 5.86 14.65 6.88 7.96 16.92 8.16 C,S8,
Ain Mansoor 5.61 14.03 6.61 7.64 16.28 7.83 C,S8,
Ain Nasser 5.88 14.70 6.98 7.98 16.96 8.29 C,S8,
Ain Al-Jawahriya 5.60 14.00 6.55 6.54 16.26 7.75 C,S8,
Ain Al-Khadood 4.44 9.76 5.00 5.02 11.61 .76 C,S8,
Ain Al-Lowaimi 4.78 11.48 563 5.47 13.56 6.45 C,S8,
Ain Al-Manna 4.93 11.84 .70 5.67 13.94 6.67 C,S8,
Ain Um Allif 4.81 12.03 h.hb h.h6 14.16 6.48 C,S8,
Ain Bahjah 4.73 11.35 h.44 5.41 13.41 6.34 C,S8,
Ain Brabir 5.00 12.01 h.72 576 14.13 6.34 C,S8,
Ain Um Dalli 5.19 12.98 5.98 6.61 1517 7.03 C,S8,
Ain Amarah h.45 13.64 6.42 6.3b 15.87 7.59 C,S8,
Ain Rasseb 4.28 1.12 5.03 4.81 13.16 5.80 C,S8,
Ain Um Quraish .47 13.13 6.21 6.37 15.33 71.32 C,S8,
Ain Um Saif 4.56 10.94 5.20 5.18 12.95 6.02 C,S8,
Ain Bani Mann 5.03 121.06 5.83 5.80 14.18 6.84 C,S8,
Ain Bahla 5.01 12.54 6.67 578 14.70 7.90 C,S8,
Ain Al-Bahriyia 4.48 10.31 517 5.08 12.24 5.99 C,S8,
Ain Al-Haw arat 6.90 16.56 8.07 8.19 18.81 9.62 C.8

ESP-1 calculated from simple SAR, ESP-2 calculated from adj.SAR and ESP-3 calculated from adj.RMa

Table 5: Cations/Anions ratios of different spring waters Relationship between SAR and adj.SAR & adj.R,,;: The SAR of
Ratios spring waters ranged between 4.44-6.90 with corresponding
Spring Water-EC adj.SAR and adj.Ry, between 9.76-15.65 and 5.03-8.07,
(dS m™") Ca/Mg Crso, respectively. A strong relationship between SAR and adj.SAR {r =
Al-Hara 3.89 1.43 2.43 0.973) and between SAR and adj.R.. (r= 0.971) was noted
Al-Hawarat 4.24 1.82 2.37 {Fig. 3). The increase in adj.SAR with a unit increase in SAR of
Um Saba 4.03 1.58 2.01 spring waters were almost half of that of the adj.Ry.. This implies
Mansoor 3.91 1.49 4.33 that adj.SAR, as determined here, would over predict the Na
Nasser 4.09 1.70 3.36 hazards to soils. Similar conclusions were drawn by Oster and
Al-Jawahriya 4.10 1.56 2.21 Rhoades (1977), Oster and Schroer (1979} and Suarez (1981).
Al-Khadood 3.28 1.45 2.44
Al-Lawami 3.74 1.46 1.93 Predicted effects on ESP of soils: The ESP of soils, which would
Al-Manna 3.69 1.36 2.32 be irrigated with spring waters, were predicted and plotted
Um Alif 3.61 1.39 2.12 {Appendix Il & Fig. 4). The SAR, adj. Ry, and adj. SAR were all
Ain Bahjah 3.60 1.47 2,18 significantly correlated to ESP (r= 0.939, 0.999 and 0.999,
Ain Brabar 3.6b 1.48 3.83 respectively). The ESP valuas predicted from adj. SAR were higher
Ain Um Dali 3.80 1.47 3.67 than those calculated from adj. Ry, and SAR. The ESP values
Ain Ammara 3.76 1.69 1.88 greater than 15 indicate Na hazards (USDA Handbook No. 60,
Ain Rasesb 3.97 1.48 2.45 19564). The predicted ESP from different SAR values of soil is
Um Qurash 3.37 1.36 2.49 marginally higher than the thrash hold value of 15 only for waters
Um Saif 3.36 1.36 217 of six springs. As such, there is no immediate concern regarding
Ain Bani Mann 3.75 1.3b 2.75 the development of any serious Na problem from the use of these
Ain Bahla 3.92 5.64 2.78 waters for crop irrigation if certain water management practices
Ain Al-Bahriya 2.90 1.66 3.00 are followed.
Ain Al-Hawarat 4.12 1.40 2.15 Similarly, ESP of socils could be predicted for wvarious quality
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irrigation waters intended Tor use in agriculture. This would also
provide an opportunity for proper management of marginal
quality wvaters containing high level of sodium without
considerable yield reduction of crops. Because irrigation with high
Na wvaters will deteriorate the soil physical conditions by
developing Na-soils by replacing Ca and partly Mg from soil
exchange complex (Oster and Schroer, 1979; Bingham, et al.,
1979).

Development of soil salinity: Irrigation water is the main source of
addition of salts to soils and its magnitude depends on the total
water salinity, chemical composition, leaching reguirements
considered, scil type, drainage conditions, climate, managemsnt
practices, and the consumptive use of crops to be cultivated. Salt
build up showed decreases with increase in leaching fractions,
because more water will be available for salt removal from the soil
profile beyond root zone (Table 3). It is also evident from the data
that salinity development will be faster in soils irrigated with high
total salinity waters as compared with less saline waters. It also
implies that only medium to high salt tolerant crops would be
possible with proper agricultural practices. In addition to the
abowve, highly saline waters could successfully be used for the
reclamation of highly salt affected soils at its initial stage of
devslopment. Becauss the final soil salinity at equilibrium will not
excesd that of irrigation water.

Changes in total water salinity: A comparison was made between
water salinity after a period of 25 years (Table 4). The results
indicated a significant degradation in water quality ranging from
1.40-1.80 times in the Year 2000 as compared with the Year
1975, The possible reason could bs ths increase in pumping of
water Trom the shallow aquifer due to increased demand for water
consumption for increasing agricultural production to meet the
growing demand for food and shelter. This increase in total water
salinity could cause serious soil salinity and water management
problems if an appropriate management practices ars not adopted.
The managemsnt alternatives could be specified as application of
lsaching requirements and cultivation of moderats to high salt
tolerant crops.

Cation and anion ratios: Cations and anions ratios were calculated
to determine the effect of excess cations or anions on soil
properties and plant nutrition. The Ca/Mg ratio ranged bstwesn
1.36-b.b4 in different spring waters {Table b). It was observed
that Ca is the dominant cation over Mg in the spring waters of Al-
Hassa. Irrigation with these waters will have no advarse effect on
soil physical and chemical propsrtiss. Becauss high Ca watars wyill
dewvelop calcium dominant soils with much improved soil structure.
The CISQ, ratio rangsd betwsen 1.88-4.33 in differsnt spring
waters (Table 5). This shows that CI~ is dominant than S0,72
anions in these waters, There is a possibility that irrigation with
these waters could increase CI- contents in the soil solution after
irrigation which can create nutrient imbalance and cause CI-
toxicity in plants.

In conclusion, the spring waters are higher in Ca*? and CI”
contants than comssponding Mg+ 2 and 50,72 ions. These watsars
are classified as C,S, i.e. very high salinity with medium sodicity
problems. The water quality in terms of total salinity degraded
significantly in 2000 as compared to the year 1975, There is no
immediate concern regarding the development of any serious Ma
problem from the use of these waters for crop irrigation provided
cerfain managemsnt practices such as provision of adsquate
drainage, proper crop selection, suitable seeding practices and
improved irrigation systems are adopted.
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