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Chapter 7 

Irrigation Water Quality 

Muhammad Arshad and Aamir Shakoor* 

Abstract 

The quality of the available water must be tested to check its fitness prior to use. 
Irrigation water, whether diverted from streams or pumped from tube wells, contain 
appreciable quantities of harmful substances in solution those may reduce crop yield 
and deteriorate soil fertility. The main characteristics to assess the quality of 
irrigation water are Total Dissolved Solids (TDS), Sodium Absorptions Ratio (SAR), 
Electrical Conductivity (EC) and Residual Sodium Carbonate (RSC). Unfortunately, 
in Pakistan, the quality of surface and groundwater is not routinely monitored as 
water supplies for domestic use and irrigation. The quality of water is being 
deteriorated due to disposal of untreated industrial wastewater and agricultural saline 
effluents directly to groundwater and canal water. The salt water intrusion in fresh 
groundwater areas from saline water zone due to the over drafting of water with 
tubewellsalso caused the deterioration of groundwater quality. Due to continuous 
recharge of comparative fresh water from rivers to aquifer, the groundwater has good 
quality water near water bodies while varies to saline and hazardous away in the 
middle of Doabs. The application of poor quality water for irrigation can cause soil 
problems such as salinity, sodicity, alkalinity, toxicity and water infiltration rate. 
Proper intention should be given to manage poor quality water and to reclaim the salt 
effected soil. The chapter on irrigation water quality has, therefore, been designed to 
include basic concepts of water quality parameters, criteria, and standards to define 
drinking and irrigation water quality. The given information would update the 
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knowledge of each reader including farmers, engineers and agricultural 
professionals, to manage their soil and water resources for potential production. 

Keywords: Water Quality Standards, Water Quality Indices, TDS, Alkalinity, 
Sodicity. 

Learning Objectives 

• The primary purpose of this chapter is that readers may have opportunity 
to: 

• Learn about the historical variations in water quality and update their 
knowledge about water quality criteria and standards in Pakistan. 

• Learn about the importance of salinity and sodicity in irrigation and crop 
production. 

• To update the knowledge of the scientists, researchers, policy makers and 
farmers about the soil and water quality and adopt advanced technologies 
such as conjunctive use, cyclic irrigation and soil additives to overcome 
salinity problems. 

7.1 Introduction 

Water quality influences its suitability for a particular use, i.e. how well the quality 
fulfills the requirement of the user. Water quality deals with the physical, chemical 
and biological characteristics of water in relation to all other hydrological properties. 
For example, river water having good quality with sediment load can be applied for 
irrigation successfully but may be objectionable for municipal use without treatment. 
Similarly, snowmelt water is acceptable for municipal purpose and may not be 
applicable for industrial due to its corrosion potential. The characteristics of water 
quality have become important in water resources planning and development for 
drinking, industrial and irrigation purposes (Shakoor, 2015). Water quality is the 
basic to judge the fitness of water for its proposed application for existing conditions. 
The current information is required, provided by water quality monitor for optimum 
development and management of water for its proficient uses (Haydar et al., 2009). 

The evaluation of quality of water resulted to find out the causes, relationship and 
effects among water constituents and level of acceptability. Certain constituents 
emerge as indicators of quality-related problems with sufficient reported experiences 
and measured responses (FAO, 2013). The major concerns in terms of water quality 
and quantity are due to its inadequate distribution on the surface of earth and the 
rapid declining of fresh useable water (Irfan et al., 2014). The possible contamination 
in water included organic matter, nutrients, suspended solids, heavy metals, 
pesticides and industrial chemicals. Anthropogenic activities within river basins, 
erosion, and atmospheric depositions were also the main negative impacts on the 
water quality of most the reservoirs (Haydar et al., 2009). 

The salinity of soil is also important factor for the determination of water quality. 
Soil salinity is developed when soil becomes more salty as a result of water 
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movement in the soil especially due to irrigation. Water quality is critical for the 
survival of humans, animals, industry and agriculture. Furthermore, the proper 
management is requisite to meet water quality standards and for ecosystem health. 
The agriculture success is highly dependable on the quality of water applied in an 
agriculture area. Due to the application of poor or hazardous quality water the 
agriculture land/soil is affected and damages the crop yield in several ways. The 
accumulation of salts in root zone, limited the availability of water and plant can take 
up lesser water which resulted in high plant stress and decreased crop yields 
(Shakoor, 2015). The presence of metals in irrigation water also has adverse effects 
on crop production. Also, high concentration of salts can change the plant nutrients 
balance in the soil meanwhile some salts are toxic to certain plants (Shakoor et al., 
2015; Irfan et al., 2014). 

It is also notable that most of the normal plants tolerate wide range of salt but pasture 
plants are not highly salt-tolerant and would finally die out under saline conditions. 
The physical and chemical properties of soil are also affected by salinity that leads 
in soil loss in term of surface soil compaction and erosion. Salinity also dehydrates 
the soil bacteria and fungi and reduces soil health. These microorganisms are useful 
for the formation of organic matter and nutrient recycling. Irrigation water quality is 
described by different parameters such as Electrical Conductivity (EC), Total 
Dissolved Solids (TDS) and Residual Sodium Carbonate (RSC) (Shakoor et al., 
2015). 

7.2 Water Quality Indices 

The water quality indices /parameters that describe the quality of water which are 
given below: 

7.2.1 pH of Water 

The pH is the concentration of hydrogen ions (H+) and hydroxyl ions (OH-) in the 
water. It is used to determine the acidic, basic or neutral behaviors of water. The pH 
values ranges from 1 to 14, which means, if pH of water is less than 7 then it is called 
acidic water whereas, pH equal to 7 as neutral and more than 7 is called the basic 
nature water. The pH of water and soil could not harm the plant growth directly 
(Tahir et al., 2003). pH highly affects the efficiency of coagulation and flocculation 
process (Kahlown et al., 2006). 

7.2.2 Electrical Conductivity (EC) 

The electrical conductivity (EC) of water is defined as the capacity of water to 
transmit the electric current. It depends on the dissolved ions in the water and their 
charge and movement. Because it is a good solvent, water dissolved mineral salts in 
the form of ions, which hold the electric current due to ionic conduction. When the 
EC of water is high, it shows that there is high concentration of ions in the water. The 
EC indicates the number of tota l solids in water and is dependent on the temperature 
of water. The electrical conductivity of water also affects the plant growth. The 
measurement of EC at 25oC temperature is considered as reference.  
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7.2.3 Total Dissolved Solids (TDS) 

The salinity behavior of water is indicated by total dissolved solids (TDS). TDS 
contain the anions (negatively change ions) and cations (+ve changes ions). Total 
dissolved solids change the color and properties of water. The relationship between 
total dissolved solids and EC is: 

TDS (mg/L) = EC (dS/m) × K     (1) 

Where, K = 640 in most cases (for EC: 0.5 -5 dS/m) or 

K = 735 for mixed waters or 

K = 800 for EC > 5 dS/m 

The above relationship in most cases is applied for EC ranging from 0.5 to 5 dS/m 
and not applicable for wastewater (Kahlown and Khan, 2002). TDS is the measure 
of the amount of material dissolved in water including carbonate, chloride, 
bicarbonate, phosphate, sulfate, nitrate, sodium, calcium, magnesium, organic ions 
etc. The density of the water, can be harmful due to increase in TDS concentrations, 
determined the flow of water into and out of an organism's cells. Moreover, the high 
concentrations of TDS may also reduce water clarity, contribute to a decrease in 
photosynthesis, combine with toxic compounds and heavy metals, and lead to an 
increase in water temperature. Flat insipid taste because of extremely low TDS level 
was also unacceptable (Kahlown et al., 2006). 

7.2.4 Total Suspended Solids (TSS) 

Total suspended solids (TSS) are the fine particles consisted of microorganisms, 
algae, mineral particles and organic matter, suspended in water. Total suspended 
solid is an indicator of erosion and sediment transport and it absorbs heat energy from 
sun resulted in water temperature increase and consequently, decrease the level of 
dissolved oxygen as we know warmer water holds less oxygen than cooler water. 

7.2.5 Total Solids (TS) 

Total solids (TS) are the combination of total suspended solids and total dissolved 
solids in the water and measured in milligrams per liter (mg/L). The dissolved solids 
pass through a filter of around 2 microns in size. Suspended solids are bigger in size 
than dissolved solids which includes clay, silt, algae, plankton, organic debris etc. 
those would not pass through a 2-micron filter (APHA, 1992). In water, the 
suspended and dissolved solids came from different sources such as soil erosion, 
sewage, fertilizer, industrial discharges, and road runoff. 

7.2.6 Turbidity 

The amount of cloudiness in the water is known as turbidity which is caused by 
dissolved or total suspended solids and most of the time those are invisible to the 
naked eye as smoke in air. It is important parameter to measure for water quality. 
Turbidity can be caused by i.e. Silt, sand and mud; Bacteria and germs; Chemical 
precipitates. 
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The turbidity is measured in Nephelometric Turbidity Units (NTU) defined by US 
Environmental Monitoring Standard unit. Turbidity is the values of light absorbing 
or light scattering property of water. High level of turbidity in drinking water 
possessed a higher risk to people for developing gastrointestinal diseases. Similarly, 
high level of material affects light penetration and productivity, recreational values, 
and habitat quality. In streams, the life of fish and other aquatics can be in danger 
due to increased sedimentation and siltation (Kahlown et al., 2006). 

7.2.7 Color 

The water color is an important indicator to define water and pollutants source. Water 
color represents the type of solid material present in it. Transparent water with low 
level of dissolved solids has blue color while yellow or brown color is due to the 
dissolved organic matter. The apparent blue color of water bodies is due to selective 
absorption and scattering of light spectrum. Some algae produce reddish or deep 
yellow waters. Similarly, the water rich in phytoplankton and other algae appears as 
green. True color could be measured by filtering the water after removing all 
suspended material (CWT, 2004). 

7.2.8 Taste and Oder 

Taste and order property of water is commonly used for drinking water. Taste 
(gustation) is one of the traditional five senses and is a form of direct chemoreception. 
It is the ability to observe the flavour of contents such as food, certain minerals, and 
poisons. The following are the basic taste types: sour, salty, sweet and bitter. Taste 
in the drinking water is mainly due to cations such as sodium, potassium, calcium 
and magnesium after their dilution of approximately 100, 300 100 and 30 mg/L, 
respectively (Kahlown et al., 2006). A human nose can detect the very low 
concentration of a substance and this is termed as odor (smells), which can be 
categorized as pleasant and unpleasant. Pure water is odorless. 

The primary sources of taste and odor were algae and bacteria while anthropogenic 
sources include sewage wastewater and chemical spills, which could affect the 
groundwater and surface water (Hoehn, 2002). Some chemical contaminants can be 
detected by consumers at very low concentrations, have very low taste and odor 
thresholds (Young et al., 1996). 

7.2.9 Calcium and Magnesium (Ca, Mg) 

The calcium and magnesium in water resulted from the decomposition of calcium 
and magnesium aluminosilicates and from dissolution of limestone, magnesium 
limestone, magnesite, gypsum and other minerals. Calcium is an essential element 
for living organisms basically in cell physiology and mineralization of bones and 
shells. In water, magnesium is usually in less quantity than calcium. Moreover, in 
groundwater and surface water, the concentration by weight of calcium is very high. 
Whereas, the total concentrations of calcium and magnesium is referred as water 
hardness. When soap is added to hard water it forms precipitates on boiling. The 
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calcium carbonate is the most dominant factor because of calcium and carbonate and 
referred as total hardness, measured in mg/L. 

7.2.10 Carbonates and Bicarbonates (CO3
2−, HCO3

−) 

Carbonate and bicarbonate ions referred by the dissolving of carbon dioxide (CO2) 
by naturally circulating waters. A bond between the carbon and the hydrologic cycle 
is known to be carbonate. The atmospheric carbon dioxide is partly intercepted by 
photosynthesizing vegetation, which is converted to cellulose starch and related 
carbohydrates. The concentration of carbonates in natural waters is a function of 
dissolved carbon dioxide, temperature, pH, cations and other dissolved salts. 
Carbonate is a salt of carbonic acid, which originates from dissolving of carbonate 
minerals. A carbonate salt is formed when a positively charged ion, attaches to the 
negatively charged oxygen atoms of the carbonate ion. 

The bicarbonate ion (hydrogenated-carbonate ion) is an anion with a negative charge 
and is the conjugate acid of carbonate. The weathering of rocks contributes to 
bicarbonate content in water as mostly these are soluble in water and their 
concentration in water depends on pH of water. It is a principal alkaline constituent 
in almost all water sources, therefore, influences hardness and alkalinity of water. 
Many types of bicarbonate are soluble in water at standard temperature and pressure, 
particularly sodium bicarbonate and magnesium bicarbonate; both of these 
substances contribute to total dissolved salts which are a common parameter for 
assessing water quality. The concentration of carbonates and bicarbonates should be 
under the limit in water and if the level of carbonates and bicarbonates is increased, 
it may be harmful for humans, animals and plants. 

7.2.11 Sodium Adsorption Ratio (SAR) 

Sodium adsorption ratio (SAR) is an easily measured property that gives information 
on the comparative concentrations of sodium, calcium and magnesium. The SAR can 
be calculated as: 

SAR = [Na+] / [ (Ca2 + Mg2+)/2]1/2                      (2) 

Where [Na+], [Ca2+], and [Mg2+] are the concentrations in meq/L of sodium, calcium, 
and magnesium ions. 

A high sodium ion in irrigation water affects the hydraulic conductivity 
(permeability) of soil and creates water infiltration problems. This is because when 
sodium present in the soil in exchangeable form replaces calcium and magnesium, 
adsorbed on the soil clays and causes dispersion of soil particles (i.e. if calcium and 
magnesium are the predominant cations adsorbed on the soil exchange complex, the 
soil tends to be easily cultivated and has a permeable and granular structure). Due 
high value of SAR, the soil becomes hard and compact when dry and resultantly, 
reduces the infiltration rates of water and air into the soil affecting its structure. This 
problem is also related with several factors such as the salinity rate and type of soil. 
For example, sandy soils may not get damage as easily as other heavier soils when it 
is irrigated with a high SAR water. 
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7.2.12 Residual Sodium Carbonates (RSC) 

It is used to predict the additional sodium hazard associated with CaCO3 precipitation 
involve calculation of the residual sodium carbonate. RSC is another alternative 
measure of the sodium content in relation with calcium and magnesium. This can be 
calculated as: 

RSC = (CO3
2- + HCO3

-) – (Ca2+ + Mg+2)   (3) 

Where, all concentration is in meq/L. 

7.3 Water Quality Standards for Drinking Water 

Framing of water quality standards means to provide safe drinking water to the 
citizens. Safe drinking water does not represent any significant risk to health over the 
life time of consumption, including different sensitivities that may occur between life 
stages. The World Health Organization (WHO) has provided general guidelines for 
drinking water, based on scientific research. To overcome this generality, many 
countries have prepared their own water quality standards according to their 
economic, technical, social, cultural, and political requirements. The Pakistan 
Council of Research in Water Resources (PCRWR) has also prepared drinking water 
quality standards, which are discussed below: 

7.3.1 WHO Standards 

The World Health Organization (WHO) has prepared standards for drinking water. 
The chemical qualities, other parameters and Disinfectants and Disinfectant By-
products are given in Tables 7.1, 7.2 and 7.3, respectively. The values of seventeen 
parameters are given in Table 7.1, related to define water quality chemically. The 
excess in the level of theses parameters as described can cause different diseases and 
is dangerous to human health. Therefore, water quality should be tested against all 
these parameters prior to use for drinking. The miscellaneous parameters also have 
their own importance regarding human health. 
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Table 7.1 Chemical Qualities (WHO) 

Inorganic  Value 
(mg/L) 

Inorganic  Value 
(mg/L) 

Inorganic Value 
(mg/L) 

Antimony  0.005 Copper  2.000 Chromium  0.003 
Selenium  0.010 Nitrate (NO3) 50.00 Nitrite (NO2) 03.00 
Cyanide  0.070 Arsenic  0.010 Nickel  0.020 
Manganese  0.500 Fluoride 1.500 Mercury 0.001 
Molybdenum 0.070 Lead  0.010 Barium 0.700 
Cadmium  0.300 Chromium  0.050   

Source: PCRWR, 2007 

Table 7.2 Miscellaneous Parameters  

Inorganic  Value Unit Inorganic  Value Unit 

Manganese  0.1 mg/L Synthetic detergents - - 
Sodium 200 mg/L Hardness, pH, DO - - 
Chloride  250 mg/L Taste, Odour.  - - 
TDS 1000 mg/L Colour 15 TCU 
Zinc 3 mg/L Turbidity  5 NTU 
Aluminum  0.2 mg/L Dichlorobenzene  5-50 mg/L 
Toluene  24-170 mg/L Sulfate  250 mg/L 
Copper  1 mg/L Ethyl-benzene 2.4-200 mg/L 
Eylenes 20-1800 mg/L Hydrogen Sulfide 0.05 mg/L 
1,2 dichlorobenzene  1-10 mg/L 1,4 dichlorobenzene  0.3-30 mg/L 
Ammonia 1.5 mg/L Iron  0.3 mg/L 

Source: PCRWR, 2007 

Table 7.3 Disinfectants and Disinfectant By-products  

Name  Value  Name  Value  

2,4,6, Trichlorophenol 2-300 2,4-dichlorophenol  0.3-40 
2-chlororphenol  0.1-10 Chlorine chlorophenol 600-1000 

Source: PCRWR, 2007 

7.3.2 PCRWR Drinking Water Quality Standards 

The Pakistan Council of Research in Water Resources (PCRWR) has prepared 
quality standards for drinking water. The drinking water having chemical qualities 
and other drinking water qualities are given in Tables 7.4 and7.5, respectively. 
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Table 7.4 Drinking Water Chemical Qualities (PCRWR) 

Constituent  Highest 
desirable 

level  

Maximum 
permissible 

level  

Unit Toxic Effects  

Lead 0.050 0.050 mg/L Central nervous system (the 
brain and the spinal cord) 

Fluoride  1.000 1.500 mg/L mottling of tooth enamel (dental 
Fluorosis) in children, excessive 
absorption may cause skeletal 
fluorosis or crippling bone 

Mercury  0.001 0.001 mg/L Neurological disorder 
Netrate 45.00 45.00 mg/L Childish, Immature, infantile, 

the presence of methaemoglobin 
in the blood 

Source: PCRWR, 2007 

Table 7.5 Other Drinking Water Qualities (PCRWR) 

Constituent  Unit  Highest 
desirable level 
  

Maximum 
permissible level 

 

Undesirable effect  

pH mg/L 7.0-8.5 6.5-9.2 Taste, Corrosion 
Hardness mg/L 200 500 Scale formation or 

Corrosion 
Phenolic mg/L 0.001 0.002 Taste 
Chloride  mg/L 200 600 Taste, Corrosion  
Magnesium  mg/L 30 150 Stomach problems  
Zinc  mg/L 5 15.0 Taste  
TDS mg/L 500 1500 Taste of salts (Fault), 

corrosion of 
instruction  

Turbidity  NTU 2.5 5 unattractive, 
reduction in 
disinfections process  

Sulfate (SO4) mg/L 200 400 Corrosion, Laxative 
effect 

Copper (CU) mg/L 0.05 1.5 Taste, Corrosion of 
pipes and utensils 
taste  

Manganese  mg/L 0.05 0.5 Taste, Discoloration  
Iron  mg/L 0.1 1.0 Taste, Discoloration  
Colour PCU 5 15 Un-Aesthetic  

Source: PCRWR, 2007 
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7.3.3  Water Quality Standards by Pakistan Standard’s 

Institution (PSI) 

The Pakistan Standard’s Institution (PSI) has prepared water quality standards for 
drinking water. The drinking water physical requirements, chemical requirements are 
given in Tables 7.6 and 7.7, respectively. 

Table 7.6 Physical Requirements 

S. No. Characteristics  Unit  MAC (mg/L) MAC (mg/L) 

1 pH  - 7.0-8.5 > 6.5-<9.2 
2 Colour TCU 5 50 
3 Turbidity  NTU 5 25 
4 Taste &odour - Unobjectionable 
Source: PCRWR, 2007 

Table 7.7 Chemical Requirements  

S. No. Characteristics Abbreviation  MAC 
(mg/L) 

MAC 
(mg/L) 

1 Total dissolved  TD 1000 1500 
2 Magnesium  Mg 50 150 
3 Chloride  Cl 200 600 
4 Calcium  Ca 75 200 
5 Sulfate SO4 2000 400 
6 Copper  Cu 1.0 1.5 
7 Nitrate  NO3 - 45 
8 Manganese Mn 0.1 0.5 
9 Total Hardness  CaCo3 20 500 
10 Zinc  Zn 5.0 15.0 
11 Nitrite  NO2 Nil Nil 
12 Iron  Fe 0.3 1.0 
13 Magnesium  Mg 500 1000 
14 Fluoride  F - 1.5 
15 Total Ammonia  TA 0.1 0.5 
16 Phenolic substances  PS 0.001 0.002 
17 Hydrogen Sulfide  HS Undetectable odour 

Source: PCRWR, 2007 

7.4 Irrigation Water Quality Standards 

There are mainly two irrigation water sources in semi-arid and arid regions such as 
canal water and tubewell water pumped from aquifer. Water from these sources 
contains considerable amount of unnecessary or unwanted substances dissolved in 
water that may deteriorate soil fertility and crop growth andcrop yield. These 
unwanted substances have come from natural or manmade (domestic and industrial 
effluents) sources and its severity depends upon the type of substance and its quantity 
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which resulted in deteriorated water quality. Followings are the main characteristics 
to assess the quality of irrigation water: 

• Electrical Conductivity (EC) 

• Residual Sodium Carbonate (RSC) 

• Total Dissolved Solids (TDS) 

• Sodium Adsorption Ratio (SAR) 

There are various water quality standards by different organizations. The US 
Regional Salinity Laboratory and Food and Agriculture Organization (FAO) have 
given the quality of irrigation water as shown in Table 7.8. Irrigation water quality 
standards given by Water and Power Development Authority (WAPDA) are given 
in Table 7.9. Similarly, the irrigation water quality standards set by Punjab Irrigation 
Department are represented in Table 7.10. 

Table 7.8 Irrigation Water Quality Standards (US Regional Salinity Laboratory and 
FAO) 

Water Quality 
Classification 

Salinity Hazard SAR 
(meq/L) 

RSC 
(meq/L) EC at 25 °C TDS 

(Micromhos/cm) (mg/L) 

Excellent <250 <160 Upto 10 <1.25 
Good 250-750 160-500 10-18 1.25-2.5 
Medium 750-2250 500-1500 18-26 >2.5 
Bad 2250-4000 1500-2500 >26 - 
Very Bad >4000 >2500 >26 - 

Table 7.9 Irrigation Water Quality Standards  

Water quality classification Salinity Hazard SAR 
 

RSC 
(meq/L) EC at 250 C TDS 

(Micromhos/cm) (mg/L) 

Usable water which can be used 
directly for irrigation without 
dilution 

Upto 1500 1000 Upto 10 Upto 2.5 

Marginal water useable after 
dilution with canal water with 
1.1 ratio 

1500-2700 100-1700 10-18 2.5-5.0 

Hazardous water that is difficult 
to use without damaging crop or 
soil 

>2700 >1700 >18 >5.0 

Table 7.10 Irrigation Water Quality Standards (Punjab Irrigation Department) 

Water quality classification TDS (mg/L) SAR RSE (meq/L) 

Useable/safe 500 0-6 0-1.25 
Marginal 500-700 6-10 1.25-2.5 
Hazardous >700 >10 >2.5 
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7.5 Water Quality in Pakistan 

In Pakistan, generally groundwater and canal water are the source of water for 
drinking and irrigation water supplies. The farmers related to areas of saline 
groundwater are restricted to use canal water only for irrigation and domestic use. 
Generally, the canal water is good quality for irrigation but not for drinking purpose, 
so its routine monitoring is necessary but there is no routine testing of canal water. 
The disposal of untreated sewage water and industrial wastewater are of the main 
reasons of deterioration of groundwater and surface water quality (Chilton, 2001). 
Furthermore, In Pakistan, there is lake of detailed study to investigate biological, 
chemical and physical characteristics of waters. During flood and high flow seasons 
the river waters have very high suspended solids. The water quality characteristics 
of some major rivers in Pakistan (Aziz, 2005) are presented in Table 7.11. 

Table 7.11 Surface Water Quality of selected Rivers of Pakistan 

Parameters Unit River 

Indus at 
Kotri 

Haro at 
Khanpur 

Soan at 
Chira 

Ravi at 
Balloki 

Chenab at Rakh 
Branch canal 

pH - 7.1–7.5 7.7–8.2 7.5–8.0 7.4–8.35 7.0–8.0 
Sulfates  (mg/L) 6–140 16–77 5–34 27.6–39.3 28.6–46 
Faecal coliform  (/100mL) 150–400 – – 1200-15000 1050–5000 
EC* (mμmhos/

cm) 
257–487 – – 280–430 125–286 

TDS*  (mg/L) 154–315 156–204 116–256 98–250 149–213 
Chlorides  (mg/L) 6–100 7–13 7–25 20–30 30–50 
Suspended solids  (mg/L) 10–2000 16–4320 11–6130 156–605 137–340 
Magnesium  (mg/L) 3–29 12–23 7–28 8–22 13.5–40 
DO*  (mg/L) 1.5–6.9 – – 6.3–8.2 6.8–7.9 
Nitrates  (mg/L) 4.2–10.5 – – 0.53–6.0 2.0–3.6 
BOD*  (mg/L) 1.5–5.0 – – 2.3–3.9 1.4–2.5 
Calcium  (mg/L) 12–46 28–44 24–36 29–59 35–53 
COD*  (mg/L) 7.0–19.0 – – 16–80 11.0–30.5 

*EC = Electrical Conductivity, *TDS = Total dissolved solids, *DO= Dissolved oxygen, 

BOD= Biochemical oxygen demand, COD= Chemical oxygen demand 

Source: Aziz, 2005 

Due to constrained canal water supplies, the demand of irrigation and domestic are 
being fulfilled from groundwater sources in most areas of Pakistan (Chilton, 2001). 
In Punjab, around 90% of domestic water including drinking purpose is coming from 
groundwater. Presently, the utilization of groundwater is increasing drastically. On 
the other hand, about 27% area of Punjab and 73% of Sindh province has hazardous 
quality, which is not fit for drinking as well as for irrigation use. Groundwater in 
Pakistan is continuously being contaminated by sewage seepage and industrial 
effluents disposal to land and heavy application of fertilizers and pesticides. The 
increase in tubewell installation and over exploitation of groundwater is reason of 
salt water intrusion into the fresh water areas which ultimately deteriorate 
groundwater quality. The groundwater has fresh quality near major rivers and saline 
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is away from river. The groundwater quality of major cities of Pakistan is given in 
Table 7.12. 

Table 7.12 Groundwater Quality in Major Cities of Pakistan 

City pH TDS Hardness Chlorides Iron Arsenic 
 - (mg/L) (mg/L) (mg/L) (mg/L) (μg/L) 

Lahore 7.6–7.8 260–290 192–196 14–95 0.2–0.5 0–50 
Faisalabad 8.2–8.4 220–600 74–186 21–52 0.1–0.4 0–10 
Peshawar 7.5–7.8 300–342 90–120 18–50 0.5–0.6 0–10 
D.G. Khan 7.7–8.0 230–240 140–152 17–20 0.2–0.9 – 
Multan 7.5–8.1 400–1160 170–370 40–220 0.1 0–>50 
Islamabad 7.0–8.3 190–589 130–400 3–25 0.03–1.53 0–10 
Mardan 7.2–7.4 230–320 140–170 26–30 0.2–0.4 0–10 
Karachi 7.3–7.6 211–467 – – – 0–10 
Kohat 7.4–7.7 500–560 280–330 46–64 0.1–0.2 – 
Hyderabad 7.1–8.2 167–1140 105–600 – 0.03–0.2 0–10 
D.I. Khan 7.4–7.5 230–300 143–160 14–30 1–8.7 – 
Rawalpindi 7.0–8.3 209–1042 150–540 5–163 0.03–0.07 0–10 
Khushab 7.4–7.6 300–500 138–160 8–11 0.2–0.6 – 
Quetta 7.6–8.6 400–950 170–480 24–121 0.2–0.4 0–10 
Jhelum 7.4–8.3 500–540 160–182 5–14 1.0–1.2 – 
R.Y. Khan 7.3–7.5 300–500 150–170 12–20 0.2–0.9 – 

Source: Hashmi and Shahab, 1999; Aziz, 2001 

7.6 Irrigation Water Quality and Agriculture 

Water quality for irrigation depends upon salts type and their dissolved quantity. As 
the total salt concentration increases in various soils caused the crop developing 
problems resulting in crop yield reduction. The suitability of water to use for 
particular purpose is decided on the bases of its long term effect and severity. The 
soil problems such as salinity, sodicity, alkalinity, toxicity and water infiltration rate 
are discussed in the following sections: 

7.6.1 Salinity 

When salts start accumulating in upper soil profile (root zone) in excess amount, 
salinity problems appear. In saline area, crop is unable to extract the required amount 
of water from soil resulting in crop water stress for a significant period. These salts 
are soluble in water and mostly transported by water. To get higher crop production, 
high weightage must be focused on proper availability of water for consumptive use. 
In areas of high salts the practice of leaching of accumulated salts from the root zone 
is necessary to reduce the level of salts. 

7.6.2 Sodicity 

The soils containing the large amount of sodium ions are known as sodic soils. In 
sodic soils the positively charged sodium ions attached with negatively charged clay 
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particles. The soil swells and the clay particles disperse when excess in sodium ions 
is attached to clay particles. When water is added to the soil has sodium ions, resulted 
the soil structure to slump and collapse rather than sticking together. Similarly, in 
sodic soil the surface of the soil becomes hard and impervious layer vulnerable to 
water-logging also reduce aeration which is necessary for biological activity in soil. 
All these parameters are the reasons of reduction in crop growth and ultimately the 
crop production. 

7.6.3 Alkalinity 

The ability of water to neutralize the added acids is known as alkalinity, the most 
important factor determining root media pH. Over the time, the pH is adversely 
affected by the water having high alkalinity. Alkalinity can be assessed with the 
measure level of calcium bicarbonate or calcium carbonate. Undesirably, acid is 
injecting into the water to neutralize the level of high level of bicarbonate or 
application of ammonium comprising fertilizers. The crops grown in cool areas have 
low tolerance against ammonium, so especial attention is required for those crops. 

7.6.4 Toxicity 

As water take nutrients when missed with water and on the same time when crop 
take water containing ionic constituents the toxicity problems raised. The high 
concentration of toxic elements can reduce crop growth and resulted in low crop 
production. The primary ionic constituents are boron, sodium and chloride. It is not 
necessary that the high concentration cause the damage even small quantity respond 
the same. The water infiltration and salinity problems can also be due to toxicity. 
Without transpiration, the plant is unable to live as this is the basic need of plant. In 
this transpiration process, the dissolved ions in water move and accumulated to the 
leaves. These ions block the stomata in the leaves and reduce the transpiration 
process which adversely affects the plant growth. It is also to note that the direct 
application of adsorbed toxic ions from overhead sprinkler can create toxicity 
problems. Toxicity from both sodium and chloride or from any one is dangers to 
sensitive crop such as citrus. 

7.6.5 Water Infiltration Rate 

Infiltration rate or intake rate of water is very necessary process to provide water to 
root zone from the soil surface and reduce salinity through leaching. The problems 
related to infiltration arise when infiltration rate is reduced to some extent which is 
not desirable. Due to less infiltration rate, very less water is available to plants roots 
or remains on the surface of the soil. Because of this problem, the necessity such as 
water and nutrients are unavailable to plants. Beyond this scenario, the water 
infiltration rate in soil also varies widely and is affected by soil structure, soil 
compaction, available organic matter, water quality and chemical constitutes of soil. 
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7.6.6 Management of Water Quality Problems 

Leaching is useful to reduce the soil salinity and its problems. The salinity level in 
the soil can be determined with water having no salts in it, especially the sodium. 
The soil of good structure and proper drainage is demanded for efficient leaching. 
For a soil having salinity, it is needed to determine the amount of salts free water to 
reclaim it. Some time, in soil, having high salinity level needs various application of 
fresh water to leach the salts below root zone with proper drainage. In the areas of 
shallow groundwater level, the leaching is impracticable; in such situation, the 
artificial drainage is recommended. The artificial drainage has some advantages to 
remove salinity from soil even with low quality water (Cardon et al., 2014). 
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