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(2) Suitability of Water Resources for Irrigation 

----------------------------------------------- 

Suitability of water resources for irrigation can be assessed by studying (1) Chemicals 

hazard of irrigation water and (2) Heavy metals pollution of water resources  

(2-1) Chemicals Hazard of Irrigation Water: 

 

SAR , and Alkalinity and pH hazards of irrigation water  :1) Salinity ,  -1-(2  

Two types of salt problems exist which are very different: those associated with the total salinity 

and those associated with sodium. Soils may be affected only by salinity or by a combination of 

both salinity and sodium. Water salinity problem was simply quantitated, where it was classified 

into three grades table (5),( Miller and, Gardiner 2001). Salinity of irrigation water affects on 

yield trees table (6), (Grattan,S.R 2002). 

 

 

 

 

 

 

http://www.lenntech.com/Periodic-chart-elements/B-en.htm
http://www.lenntech.com/Periodic-chart-elements/Cl-en.htm
http://www.lenntech.com/Periodic-chart-elements/Na-en.htm
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Table (5) General guidelines for assessment of salinity hazard of irrigation water and 

electrical conductivity range 

  

ECw (mmhos/cm 

or dS/m) 

Limitation 

None Moderate Severe 

<0.75 0.75–3.0 >3.0 

ECw = electrical conductivity of the irrigation water. (Miller and 

Gardiner, 2001). 

      

Table (6) Estimated yield of selected fruit trees with long use of irrigation water with 

different levels of soil salinity (potential yields based on 15 to 20 % leaching fraction and do 

not account for the effects of specific elements) 

Fruit Trees 

ECw ( mmhos cm) 

Potential Yields 

100% 90% 75% 50% 

Almond 1.0 1.4 1.9 2.8 

Apricot   1.1 1.3 1.8 2.5 

Blackberry 1.0 1.3 1.5 2.5 

Boysenberry 1.0 1.3 1.8 2.5 

Date Palm  2.7 4.5 7.3 12.0 

Grape 1.0 1.7 2.7 4.5 

Grapefruit  1.2 1.6 2.2 3.3 

Orange 1.1 1.6 2.2 3.2 

          (Grattan, S.R. 2002). 

 

Soil water salinity can affect soil physical properties by causing fine particles to bind 

together into aggregates. This process is known as flocculation and is beneficial in terms of soil 

aeration, root penetration, and root growth. Although increasing soil solution salinity has a 

positive effect on soil aggregation and stabilization, at high levels salinity can have negative and 

potentially lethal effects on plants. As a result, salinity cannot be increased to maintain soil 

structure without considering potential impacts on plant health (Pearson, K. E. 2017 , adapted a 

paper by Nikos J. Warrence, Krista E. Pearson, and James W. Bauder , 2003) 

 

SAR effects of soil permeability, especially when percolated water has low salinity fig (1), 

United States Department of Agriculture (2016). Damage may occur under deficit irrigation 

management. As the salinity level of irrigation water increases (such as with reclaimed water) or 

if more salt sensitive plants are grown, the leaching fraction should be increased and overhead 

irrigation should be eliminated  (Table , 8). Reclaimed water may damage some ornamental 

plants directly from overhead irrigation. Salinity is generally estimated by determining the 

electrical conductivity. Continued use of water having a high SAR can lead to a breakdown in 

the physical structure of soil table (9). The soil becomes hard and compact when dry and 
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increasing impervious to water penetration.   Irrigation water with a pH value (above 8.4) may 

indicate that the water contains high levels of carbonates and bicarbonates table (7). Carbonates 

and bicarbonates tend to “tie up” calcium and magnesium during soil drying. This makes the 

sodium present potentially more damaging. High carbonates and bicarbonates in water 

essentially increases the sodium hazard of the water greater than indicated by the SAR Table 

(16), (Morris and, Devitt 2016) . 

 

Fig (1) Relation of EC &SAR 

Table (7) pH (Acidity or alkalinity of the irrigation water) 

pH INTERPRETATION 

< 7.0 Acidic 

> 7.0 Alkaline 

6.5 to 8.4 Suitable 

>8.4 Possibly high sodium or 

bicarbonates 

Robert and Devitt (2002). 

Table ( 8 ) Plant salinity hazard of irrigation water salinity (ECw)  

Hazard  (ECw) 

TDS                            

(ppm or mg/L)  

DS/m                       

(mmhos/cm) 

None <500 < 0.75 

Slight 500-1000 0.75 – 1.5 

Moderate  1000 -2000 1.5 – 3.0 

Severe > 2000 > 3.0 

Robert and Devitt (2002). 
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Table (9) SAR (SARadj) hazard of irrigation water 

Hazard RSC Slight to 

Moderate 

Severe 

Surface applied <3.0 3.0- 9.0 >9.0 

Sprinkler applied <3.0 <3.0  

Robert and Devitt (2002). 

Table (10) Combined effect of SAR and salinity on hazard of irrigation water (ECw) 

SAR ECw Hazard 

0 -3 > 0.7 > 1.2 > 1.9 > 2.9 > 5.0 None 

3 -6  0.7  1.2  1.9  2.9  5.0 Slight 

6 – 12 0.2 0.3 0.5 1.3 2.9 Moderate  

12 – 20 < 0.2 < 0.3 < 0.5 < 1.3 <2.9 Severe  

Lenntech (2014) 

Alkalinity and pH are two important factors in determining the suitability of water for 

irrigating plants. Sometimes the term "alkaline" is used instead of "basic" and often "alkaline" is 

confused with "alkalinity". Alkalinity is a measure of the water's ability to neutralize acidity. An 

alkalinity test measures the level of bicarbonates, carbonates, and hydroxides in water and test 

results are generally expressed as "ppm of calcium carbonate (CaCO3)" The desirable range f or 

irrigation water is 0 to 100 ppm calcium carbonate. Levels between 30 and 60 ppm are 

considered optimum for most plants. The combination of high pH and high alkalinity is of 

particular concern in plug seedling trays. Trace element deficiencies and imbalances of calcium 

(Ca) and magnesium (Mg) can result from irrigating with high alkalinity water, (Cox, D. 1995). 

 

(2-1-2) Phyto-toxic of specific ions : Boron (B) , Chloride (Cl) and  Sodium (Na) : 

       Boron can be toxic at very low concentration levels. Boron concentration less than 1mg/L is 

essential for plant development, but higher levels can cause problems in sensitive plants. Most 

plants exhibit toxicity problems when the concentration of boron exceeds 2mg/L table (11and 

12). Relative tolerance of agricultural crops to boron and chloride are shown in tables (12), 

Lenntech (2014) 

Table (11) Toxic levels of specific (Lenntech 2014) 

Toxic 

Levels 

Ions (meq/L) 

Boron Chloride Sodium 

None < 1 1 – 3 > 3 

Slight to 

Moderate 
< 4 4 – 10 > 10 

Severe < 3 3 – 9 > 9 

 

http://www.lenntech.com/Periodic-chart-elements/B-en.htm
http://www.lenntech.com/Periodic-chart-elements/Cl-en.htm
http://www.lenntech.com/Periodic-chart-elements/Na-en.htm
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        The most common toxicity is from chloride in the irrigation water. Chloride is not adsorbed 

or held back by soils, therefore it moves readily with the soil-water, is taken up by the crop, 

moves in the transpiration stream, and accumulates in the leaves. If the chloride concentration in 

the leaves exceeds the tolerance of the crop, injury symptoms develop such as leaf burn or drying 

of leaf tissue. Normally, plant injury occurs first at the leaf tips (which is common for chloride 

toxicity), and progresses from the tip back along the edges as severity increases. Excessive 

necrosis (dead tissue) is often accompanied by early leaf drop or defoliation. 

Table (12) Relative tolerance of agricultural crops to boron (B) 

Tolerance*  
( B) Con. Soil 

water (mg/L)**  Agricultural Crop 

Very sensitive <0.5 Blackberry 

Sensitive 
0.5-1.0 

 

Peach, cherry, plum, grape, cowpea, onion, garlic, 

sweet, potato, wheat, barley, sunflower, sesame, 

strawberry  

Moderately sensitive 1.0-2.0 Red pepper, pea, carrot, radish, potato, cucumber 

Moderately tolerant 

 

2.0-4.0 
Lettuce, cabbage, celery, turnip, oat, corn, artichoke, 

tobacco, mustard, squash 

Tolerant 4.0-6.0 Tomato, alfalfa, purple, parsley, sugar-beet 

Very tolerant 6.0-15.0 Asparagus 

Lenntech (2014)  

* Tolerance will vary with climate, soil conditions and crop varieties 

** Maximum concentration tolerated in irrigation water without reduction in yield are 

approximately equal to soil water values 

Table (13) Chloride (Cl) hazards of irrigation water 

Irrigation 

Technique 

Degree of Restriction on Use 

None Slight to 

Moderate 

Severe 

Surface irrigation < 4 4 - 10 > 10 

Sprinkler irrigation < 3 > 3  

Chloride conc. (mmol/l)  ,( FAO ,1985 , 1989 , 1994) 

 

 



6 
 

Table (14) Relative tolerance of agricultural crops to chloride ion 

Sensitivity 
Chloride 

(mg/L) 
Affected crop 

Sensitive <178 Almond, apricot, plum 

Moderately 

sensitive 
178-355 Grape, pepper, potato, tomato 

Moderately 

tolerant 
355-710 Alfalfa, barley, corn, cucumber 

Tolerant >710 
Cauliflower, cotton, safflower, sesame, sorghum, 

sugar beet, sunflower 

Lenntech (2014) 

Note. Tolerance will vary with climate, soil conditions and crop varieties 

Note. Maximum concentration tolerated in irrigation water without reduction in yield is 

approximately equal to soil water values 

 

Table (15) Guidelines for interpretation of water quality for irrigation  ( FAO ,1985 , 1989 , 

1994) .  

Potential Irrigation Problem Units Degree of Restriction on Use 

None Slight to 

Moderate 

Severe 

  

SAR 

0 - 3 and ECW = > 0.7 0.7 - 0.2 Severe 

3 - 6  = > 1.2 1.2 - 0.3 < 0.2 

6 - 12 = > 1.9 1.9 - 0.5 < 0.3 

12 - 20 = > 2.9 2.9 - 1.3 < 0.5 

20 - 40 = > 5.0 5.0 - 2.9 < 1.3 

Specific Ion Toxicity (affects sensitive crops) 

Sodium (Na)     

surface irrigation SAR < 3 3 - 9 > 9 

sprinkler irrigation mmol/l < 3 > 3  

Chloride (Cl)   

surface irrigation mmol/l < 4 4 - 10 > 10 

sprinkler irrigation mmol/l < 3 > 3  

 

(2-1-3) Phyto-toxic of some trace elements 

       The irrigation system also can affect the absorption of toxic elements by the plant. Example, 

sprinkler irrigation may pose a higher risk of absorption of these toxic elements through the 

leaves. Suitability of these anions depends on the type of crop, state of growth, concentration of 

the toxic ion or ions and combination, climate and soil conditions (Lenntech (2014). As an 

example, elements like fluoride added to drinking water at very low levels may be toxic to 

interior plants like Dracaena. Usuallirrigation water applied to the soil can be highein these 

elements if the water is used for short periods since soils have a tremendous ability to “lock up” 
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such elements, making them less available. A different valuec (water used continually) if the 

water is inas a permanent water supply. (Robert and Devitt 2002). 

(2-1-4) cCarbonates & BicarbonatesHazards of Irrigation Water: 

High carbonate (CO3
=) and bicarbonate (HCO3

-) increases SAR index (around >3-4mEq/L 

or >180-240mg/L). Let's explain why: 

Bicarbonate and carbonate ions combined with calcium or magnesium will precipitate as 

calcium carbonate (CaCO3) or magnesium carbonate (MgCO3) when the soil solution 

concentrates in drying conditions. The concentration of Ca and Mg decreases relative 

to sodium and the SAR index will be bigger. This will cause an alkalizing effect and increase the 

PH. Therefore, when a water analysis indicates high PH level, it may be a sign of a high content 

of carbonate and bicarbonates ions, Lenntech (2017). 

Some practices to solve problem of carbonates and bicarbonates in irrigation water:  

- Injection of sulfuric acid to dissociate the bicarbonate ions (PH around 6.2) giving off 

carbon dioxide. It allows the calcium and magnesium to stay in solution in relation with the 

sodium content. 

- Add gypsum when soils have low free calcium plus leaching. 

- Add sulfur to soils with high lime content plus leaching 

Table ( 16 ) Bicarbonate (HCO-
3) hazard of irrigation water (meq / L)  

None Slight to Moderate Severe 

<1.5 1.5 – 7.5 >7.5 

Lenntech (2017) 

(2-1-5) Nutrients in irrigation water : 

In aquatic ecosystems, nitrogen and phosphorus are found in both particulate and dissolved 

phases, and in varying chemical forms: 

o Organic particulate nutrients include living and dead organic matter such as bacterial, 

plant, and animal tissue. 

o Inorganic particulate nutrients include minerals and nutrients adsorbed (attracted to the 

surface) to suspended inorganic sediment particles. 

o Dissolved organic nutrients include numerous types of biological molecules, such as 

proteins, containing nitrogen and phosphorus. 

o Dissolved inorganic forms of phosphorus include orthophosphate, PO4
–3. Dissolved 

inorganic nitrogen is mainly present as nitrate, NO3
–, and ammonium ion, NH4

+, but also 

as dissolved nitrogen gas, N2; nitrite, NO2
–; nitrous oxide, N2O; and ammonia, NH3

.  

Regional Aquatic Monitoring Program (RAMP), 2017 

http://www.lenntech.com/Periodic-chart-elements/Ca-en.htm
http://www.lenntech.com/Periodic-chart-elements/Mg-en.htm
http://www.lenntech.com/Periodic-chart-elements/Na-en.htm
http://www.lenntech.com/Irrigation/SAR-hazard-of-irrigation-water.htm#SARadj
http://www.lenntech.com/Irrigation/Nutrients-irrigation-water.htm
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Nutrient pollution is the process where too many nutrients, mainly nitrogen and 

phosphorus, are added to bodies of water and can act like fertilizer, causing excessive growth 

of algae, National Oceanic and Atmospheric Administration (NOAA), 2017. 

(2-1-6) Concentration of Ca and SAR 

The concentration of Ca and Mg decreases relative to sodium and the SAR index will be 

bigger. This will cause an alkalizing effect and increase the PH. Therefore when a water analysis 

indicates high PH level, it may be a sign of a high content of carbonate and bicarbonates ions, 

Lenntech (2017). 

 

(2-1-7)  Cl, Na_water classification toxicity   

         The most common toxic ions present in waste industrial and agricultural drainage 

sewerages waters are Chloride (Cl) and Sodium (Na). In addition, the roots usually absorb 

Sodium and chloride; when the absorption is through the leaves the rate of accumulation is 

bigger. The direct absorption usually occurs in sprinkler irrigation systems at high temperatures 

and low humidity conditions. The concentration suitability of these anions depends on the type 

of crop, state of growth, concentration of the toxic ion or ions and combination, climate and soil 

conditions. But, simple guide lines of (Robert and Devitt 2002)                                                                                                                                                           

:C) hazard of irrigation water 8) Residual Sodium Carbonate (RS-1-(2 

Residual Sodium Carbonate (RSC) has the following equation: 

RSC = (CO3
-+HCO3

-) - (Ca2++Mg+2) 

It is another alternative measure of the sodium content in relation with Mg and Ca. This value 

may appear in some water quality reports although it is not frequently used. 

Table (17) Residual Sodium Carbonate (RSC) hazard of irrigation water 

Hazard RSC 

Low <1.5 

Medium 1.2 – 2.5 

High > 2.5 

Lenntech (2017) 

• If the RSC < 1.25 the water is considered safe 

• If the RSC > 2.5  the water is not appropriate for irrigation. 

Table (17) tells how much calcium and magnesium is in your water compared to 

carbonates and bicarbonates. This value may appear in some water quality reports. Although not 

used often, RSC gives similar information to SARadj, Lenntech (2017) . 

 

http://www.noaa.gov/
http://www.lenntech.com/Periodic-chart-elements/Na-en.htm
http://www.lenntech.com/Irrigation/SAR-hazard-of-irrigation-water.htm#SARadj
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(2-1-9) Bicarbonate (HCO3) hazard of irrigation water   

Bicarbonate (HCO3) hazard of irrigation water: Bicarbonate and carbonate ions combined 

with calcium or magnesium will precipitate as calcium carbonate (CaCO3) or magnesium 

carbonate (MgCO3) when the soil solution concentrates in drying conditions. The concentration 

of Ca and Mg decreases relative to sodium and the SAR index will be bigger. This will cause an 

alkalizing effect and increase the PH. Therefore, when a water analysis indicates high 

Bicarbonate (HCO3
-) level, it may be a sign of a high PH. Some practices may solve problem of 

carbonates and bicarbonates in irrigation water: 

o Injection of sulfuric acid to dissociate the bicarbonate ions (PH around 6.2)  

o Giving off carbon dioxide , It allows the calcium  and magnesium to stay in  

o Solution in relation with the sodium content. 

o Add gypsum when soils have low free calcium plus leaching  

o Add sulfur to soils with high lime content plus leaching. (EPA, 2004). 

 

http://www.lenntech.com/Periodic-chart-elements/Ca-en.htm
http://www.lenntech.com/Periodic-chart-elements/Mg-en.htm
http://www.lenntech.com/Periodic-chart-elements/Na-en.htm
http://www.lenntech.com/Irrigation/SAR-hazard-of-irrigation-water.htm#SARadj

