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Soil Salinity and Water Quality Management for 

Vegetable and Fruit Crops Production 
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Ethiopian Institute of Agricultural Research, Melkassa Agricultural Research Center, 

P.O. Box 436, Tel. 251-022 2250210, Fax: 251-022225 0213 

 
INTRODUCTION 

All soils and irrigation water contain a mixture of soluble salts, not all of 

which are essential for plants growth. Salts are toxic to plants when present 

in high concentration. The problems of soil salinity are most widespread in 

the arid and semi-arid regions. It is also a serious problem in areas where 

groundwater of high salt content is used for irrigation. The most serious 

salinity problems are being faced in the irrigated arid and semi-arid regions 

of the world and it is in these very regions that irrigation is essential to 

increase agricultural production to satisfy food requirements. However, 

irrigation is often costly, technically complex and requires skilled 

management. Failure to apply efficient principles of water management may 

result in wastage of water through seepage; over-watering and inadequate 

drainage result in waterlogging and salinity problems which reduce the soil 

productivity, eventually leading to loss of cultivable land. 

All soils and irrigation water contain a mixture of soluble salts, not all of 

which are essential for plants growth. Most crops do not grow well on soils 

that contain salts. Some plants are more tolerant to a high salt concentration 

than others. One reason is that salt causes a reduction in the rate and amount 

of water that the plant roots can take up from the soil. The salts concentration 

of soil solution is greater than applied water. This increase in salinity is the 

results from plant transpiration and soil surface evaporation which selectively 

remove water concentrating the salts in the remaining soil water. 

 

1. SALT AFFECTED SOIL CLASSIFICATION 

A soil may be rich in salts. Salts in soil can develop from the weathering of 

primary minerals or be deposited by wind or water that carries salts. The 

most common source of salts in irrigated soils is the irrigation water itself. 

After irrigation, the water added to the soil is used by the plant or evaporates 
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directly from the moist soil. The salt, however, is left behind in the soil. 
Three classes of salt affected soils are recognized. The classification is based 

on pHs (pH of the saturated soil paste), ECe (electrical conductivity of the 

saturation extract of soil, dS m-') and ESP (exchangeable sodium percentage 

of the soil). The USDA classification of salt-affected soils is given in Table 

1. 

Table 1. Classes of salt affected soil 
Soils ECe 

(dS m-

1) 

ESP pH Description 

Saline > 4 < 15 Usually < 8.5 Non-sodic soils containing 

sufficient soluble salts to 

interfere with plant growth of 

most crops 

Saline-

sodic 

> 4 > 15 Usually < 8.5 Soils with sufficient 

exchangeable sodium to interfere 

with growth of most plants, and 

containing appreciable quantities 

of soluble salts 

Sodic < 4 > 15 Usually > 8.5 Soils with sufficient 

exchangeable sodium to interfere 

with growth of most plants, but 

without appreciable quantities of 

soluble salts 

 
2. CROP SALT TOLERANCE 

Excess soil salinity causes poor and spotty stands of crops, uneven and 

stunted growth and poor yields, the extent depending on the degree of 

salinity. The primary effect of excess salinity is that it renders less water 

available to plants although some is still present in the root zone. This is 

because the osmotic pressure of the soil solution increases as the salt 

concentration increases. Apart from the osmotic effect of salts in the soil 

solution, excessive concentration and absorption of individual ions may 

prove toxic to the plants and/or may retard the absorption of other essential 

plant nutrients. 

There is no critical point of salinity where plants fail to grow. As the salinity 

increases growth decreases until plants become unable to grow and finally 

die. Plants differ widely in their ability to tolerate salts in the soil. Salt 
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tolerance ratings of plants are based on yield reduction on salt-affected soils 

when compared with yields on similar non-saline soils. Soil salinity classes 

generally recognized are given in Table 2. 

Table 2. Soil salinity classes and crop growth 
Soil Salinity Class ECe 

(dS/m) 

Plant response 

Non-saline 0-2 Salinity effects mostly negligible 

Slightly saline 2-4 Yields of sensitive crops may be restricted 

Moderately saline 4-8 Yields of many crops are restricted 

Strongly saline 8-16 Only tolerant crops yield satisfactorily 

Very strongly saline > 16 Only a few very tolerant crops yield 

satisfactorily 

 

The salt content of soils above which plant growth is affected depends on 

factors like: 

• Texture of the soil 

• Soil moisture content 

• Distribution of salt in the profile 

• Composition/type of the salts in the soil 

• Species of the plant grown. 

Plants grown on saline salt affected soils usually have no very distinctive 

foliage symptoms. They, however; 

• Are generally stunted, 

• Have smaller but thicker leaves than the normal 

plant, 

• Have darker green and curled leaves, 

• Have stunted fruit development, and 

• Show browning of the tip and marginal or interior 

portions of leaves. 

Generally, plants have different tolerances to the effects of osmotic pressure 

as indicated by yield levels at different ECe values. As a result, selecting of 

salt-tolerant crops is an important part of working with salt-affected soils. 

Certain plant species are more salt tolerant as well boron and Na tolerant than 

others. 
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3. PREVENTION AND MANAGEMENT  

Salinity Threshold of crop is the maximum level of soil salinity that does 

not reduce the potential yield of the specific crop. Attributed to the difference 

in the levels of tolerance to the effects of salinity, threshold salinity, yield 

reduction compared to no salinity, and slope which is the yield reduction per 

mmhos/cm (dS/m) under threshold are different for different crop species. 

For instance, Hordeum vulgare (Barley) is very tolerant while Phaseolus 

vulgaris (Beans) are very sensitive to salinity. Table 3 provides salt tolerance 

level for some crops.  

 
Table 3. Crop tolerance and yield potential of selected crops as influenced by 

irrigation water salinity (ECw) or soil salinity (ECe) 

Crops 100 % 

ECe – 

ECw 

90 % 

ECe – 

ECw 

75 % 

ECe – 

ECw 

50 % 

ECe – 

ECw 

0 % 

ECe – ECw 

Barley 8.0        

5.3    

10         

6.7 

13         

8.7 

18         12  28         19  

Cotton 7.7        

5.1  

9.6        

6.4 

13         

8.4 

17         12 27         18 

Sorghum 6.8        

4.5 

7.4        

5.0 

  8.4      

5.6 

  9.9        

6.7 

13           

8.7 

Wheat 6.0        

4.0 

7.4        

4.9 

9.5        

6.3 

13           

8.7 

20         13 

Wheat, duram 5.7        

3.8 

7.6        

5.0 

10         

6.9 

15         10 24         16 

Soybean 5.0        

3.3 

5.5        

3.7 

6.3        

4.2 

7.5         

5.0 

10           

6.7 

Groundnut 3.2        

2.1 

3.5        

2.4 

4.1        

2.7 

4.9         

3.3 

  6.6        

4.4 

Rice (paddy) 3.0        

2.0 

3.8        

2.6 

5.1        

3.4 

7.2         

4.8 

11           

7.6 

Sugarcane 1.7        

1.1 

3.4        

2.3 

5.9        

4.0 

10          

6.8 

19          12 

Maize 1.7        

1.1 

2.5        

1.7 

3.8        

2.5 

5.9         

3.9 

10           

6.7 

Bean 1.0        

0.7 

1.5        

1.0 

2.3        

1.5 

3.6         

2.4 

6.3          

4.2 

Tomato 2.5        

1.7 

3.5        

2.3 

5.0        

3.4 

7.6         

5.0 

13           

8.4 

Cabbage 1.8        2.8        4.4        7.0         12           



 

 

5 
 

Crops 100 % 

ECe – 

ECw 

90 % 

ECe – 

ECw 

75 % 

ECe – 

ECw 

50 % 

ECe – 

ECw 

0 % 

ECe – ECw 

1.2 1.9 2.9 4.6 8.1 

Potato 1.7        

1.1 

2.5        

1.7 

3.8        

2.5 

5.9         

3.9 

10           

6.7 

Sweet potato 1.5        

1.0 

2.4        

1.6 

3.8        

2.5 

6.0        

4.0 

11          7.1 

Pepper 1.5        

1.0 

2.2        

1.5 

3.3        

2.2 

5.1        

3.4 

8.6         5.8 

Onion 1.2        

0.8 

1.8        

1.2 

2.8       1.8 4.3        

2.9 

7.4        5.0 

Carrot 1.0        

0.7 

1.7        

1.1 

2.8       1.9 4.6        

3.0 

8.1        5.4 

Alfalfa 2.0        

1.3 

3.4        

2.2 

5.4       3.6 8.8        

5.9 

16        10 

Orange 1.7        

1.1 

2.3        

1.6 

3.3       2.2 4.8        

3.2 

8.0         5.3 

Lettuce 1.3        

0.9 

2.1        

1.4 

3.2       2.1 5.1        

3.4 

9.0         

6.0 

4.1. Leaching Requirements (LR) 

The salinity in the root zone is directly related to the water quality, irrigation 

methods and practices, soil conditions and rainfall. A high salt content in the 

root zone is normally controlled by leaching. An excess amount of water is 

applied during the irrigation, where necessary, for the purposes of leaching. 

This excess amount of water for leaching purposes is called the Leaching 

Requirement (LR). 

To estimate the LR, both the irrigation water salinity (ECw) and the crop 

tolerance to salinity, which is normally expressed as electrical conductivity of 

the soil saturation extract (ECe), have to be known. The ECw can be obtained 

from laboratory analysis, while the ECe should be estimated from the crop 

tolerance data given in Table 3. This table gives an acceptable ECe value for 

each crop appropriate to the tolerable degree of yield loss (normally a 

reduction in yield of 10% or less is accepted).  

For surface and sprinkler irrigation method: 

ECw  

LR(fraction) = 5 ECe – Ecw 
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For drip irrigation 

LR (fraction) =       ECw         

   2(maxECe) 

 

where, ECw is the salinity of irrigation water (dS m-1) and ECe is the EC 

corresponding to 90 percent yield potential (dS m-1). 

4.2. Other Prevention and Reclamation Practices 

The general consideration stated above imply that knowledge of the type and 

extent of the problem, cause of the problem, properties of the soil, the inputs 

required and available and the economic considerations of the farming 

enterprise are imperative if management and prevention of further 

development of salt affected soils as well as their reclamation are to be 

carried out effectively. For instance, the management/reclamation procedure 

consists of:  

• The removal of soluble salts (saline soils), or exchangeable Na 

(sodic soils), or both (saline sodic soils) to the extent necessary to 

return the salt affected soil to a normal productive state, and 

• Finally, preventing the cause to ensure a long-lasting effect of the 

management and/or reclamation effort  

Generally, the presence of adequate natural or artificial drainage system is 

prerequisite for all management and reclamation works.  Without adequate 

drainage systems, no matter how much water and/or amendments are added, 

no lasting reclamation of either saline, saline-sodic, or sodic soils is effective 

(possible). From the major issues raised so far, it seems apparent that the 

prevention and management of salt affected soils generally depends largely 

upon water management that is irrigation, drainage and leaching because 

salts move together with water.  In general, the management practices aimed 

at controlling and/or minimizing salinity and/or sodicity (alkalinity) problems 

include: 

• Proper shaping of seed beds that avoid salt accumulation in the root 

zone of germinating plants to assure adequate stand or plant 

population. 
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• Timing of irrigation: maintain a high level of available water in the 

plant root zone during critically sensitive plant growth stages. 

• Proper land drainage which can be achieved through: 

o Deep tillage: Helps to eliminate horizontal stratification of 

different textured soils which in turn improves the rate of 

water flow/movement and so deep leaching 

o Minimum tillage: Maintain soil structure, avoid compaction 

and facilitate good drainage & deep leaching. 

o Surface mulching: Reduces evaporation, increases leaching 

& reduces salt accumulation 

o Management of OM/crop residues: Develop desirable soil 

structures, improve water movement & root penetration, 

facilitate deep leaching and reduce salt accumulation. 

• Leaching preplanting: Remove accumulated salts before crops are 

planted  

• Land selection: Avoid cultivation of lands in areas of (a) High water 

table, (b) Poor drainage, and (c) Clay pans and compactions that will 

perch added water unless the drainage condition is corrected prior to 

cropping. 

• Proper crop selection:   Planting of salts and sodium tolerant crops 

• Prevention of further salinization and alkalization and resalinization 

and realkalization processes in the future through prevention of the 

causes as: 

o Capillary rise of soil water from a saline or alkali shallow water 

table through: 

o Installation of drainage system to control or lower the 

water table level 

o Ground waters are often lowered to a depth of 1.5-2.0 m 

below the ground surface although the depth required depends 

on factors such as climate, soil type, quality of ground and 

irrigation water, irrigation method and others. Question: Is the 

drainage technically feasible and economically justified 

o Prevention of flooding to reduce recharging the ground water 

and the salts that may be added with the flood water 

• Caused by saline or alkaline irrigation water 
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o Avoid the use of poor-quality irrigation water 

• Frequent leaching through application of the same irrigation 

water 

• Caused by presence marine fossil salt or alkali deposits 

o Avoid possible contact of both the irrigation & ground 

waters with such deposit 

o Identify and avoid use of such areas from cultivation 

o Mine and dispose the fossil salt deposit in safe areas 

The term reclamation of saline soils refers to the methods used to remove 

soluble salts from the root zone. Methods commonly adopted or proposed to 

accomplish reclamation of saline soils are; 

 

Salt leaching 

Salt leaching is the most effective procedure for removing salts from the root 

zone of soils. Leaching is most often accomplished by ponding fresh water 

on the soil surface and allowing it to infiltrate. Leaching is effective when the 

salty drainage water is discharged through subsurface drains that carry the 

leached salts out of the area under reclamation. Leaching may reduce salinity 

levels in the absence of artificial drains when there is sufficient natural 

drainage, i.e. the ponded water drains without raising the water table. 

Leaching should preferably be done when the soil moisture content is low 

and the groundwater table is deep. 

 

Quantity of water for leaching 

A useful rule of thumb is that a unit depth of water will remove nearly 80 

percent of salts from a unit soil depth. Thus 30 cm water passing through the 

soil will remove approximately 80 percent of the salts present in the upper 30 

cm of soil. Similarly, to reduce the salt content of the surface 60 cm of soil to 

about 20 percent of the original value would require the passage of about 60 

cm of water through the soil. For more reliable estimates, however, it is 

desirable to conduct salt leaching tests on a limited area and prepare leaching 

curves. 
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Water management 

i. Irrigation frequency 

Modifying water management through appropriate irrigation practices can 

often lead to increased crop yields under saline soil conditions. Most plants 

require a continuous supply of readily available moisture to grow normally 

and produce high yields. After an irrigation the soil moisture content is 

maximum and the salt concentration or the osmotic pressure of the soil 

solution is minimal: favorable for crop growth. As the soil progressively 

dries out due to evapotranspiration losses the concentration of salts in the soil 

solution and, therefore, its osmotic pressure increases making the soil water 

increasingly difficult to be absorbed by the plants. Thus, infrequent irrigation 

aggravates salinity effects on growth. On the other hand, more frequent 

irrigations, by keeping the soil at a higher soil moisture content prevent the 

concentration of salts in the soil solution and tend to minimize the adverse 

effects of salts in the soil. For these reasons, crops grown in saline soils must 

be irrigated more frequently compared to crops grown under non-saline 

conditions so that the plants are not subjected to excessively high soil 

moisture stresses due to combined influence of excess salts and low soil 

water contents. Figure 11 depicts changes in the total soil moisture stress to 

which the growing plants are subjected in a non-saline soil compared to a 

saline soil. Several studies have shown that growth of plants was reduced 

nearly proportionally to the areas under the curves. Thus, when the areas 

under two such dissimilar stress curves as A and B were equal, the growth of 

plants was found to be reduced to nearly the same level. If the saline soils 

were irrigated infrequently plants would be subjected to very high soil 

moisture stresses with consequent yield losses. 

 

ii. Irrigation method 

Irrigation method can play an important role in controlling salts in the root 

zone. It has been discussed that frequent irrigations are helpful in saline soils 

in maintaining adequate availability of soil water. Sprinkler irrigation is an 

ideal method for irrigating frequently and with small quantities of water at a 

time. Leaching of soluble salts is also accomplished more efficiently when 

the water application rates are lower than the infiltration capacity of the soil 

and such a condition cannot be achieved by flood irrigation methods. 
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iii. Seed placement/ Sloping bed planting 

A soil factor of considerable importance in relation to growth of plants is the 

location of salts in relation to root zone or seed placement. Irrigation 

practices can often be modified to obtain a more favorable salt distribution in 

relation to seed location or growing roots. It is well known that salts tend to 

accumulate in the ridges when using furrow type irrigation. With each 

irrigation salts leach out of the soil under the furrows and build up on the 

ridges. Where soil and farming practices permit, furrow planting or side ridge 

planting may help in obtaining better stands and crop yields under saline 

conditions. 

Certain modifications of the furrow irrigation method including planting in 

single/double rows or on sloping beds/side ridge are helpful in getting better 

stands under saline conditions. With double beds, most of the salts 

accumulate in the center of the bed leaving the edges relatively free of salts. 

Sloping beds may be slightly better on highly saline soils because seed can be 

planted on the slope below the zone of salt accumulation. 

 

iv. Other practices 

Crops vary not only in their tolerance to salinity but also in their water 

requirements, optimum growth season, rooting depth and moisture extraction 

pattern and cultural requirements. Thus, in the absence of proper water and 

soil management practices, salinity of the soil may be affected differentially 

under various crop rotations.  

Cropping sequences which include crops such as rice, berseem and those 

requiring frequent irrigations reduce salinity effectively, where drainage is 

adequate. Therefore, knowledge of the expected salt balance of the root zone 

under various crop rotations will be extremely helpful in planning the best 

cropping sequences during and after reclamation (Massoud, 1976). 

 

 

v. Land leveling 

Changes in the micro relief in the order of a few centimeters can result in 

increasing the salt content on the raised spots and better leaching in the dips. 

Proper land shaping before cropping can help to correct these elevation 

differences. Land leveling those results in the formation of shallow profiles 
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or an exposure of an impervious layer close to surface may enhance 

salinization. Since this operation is executed at an early stage in new surface 

irrigation projects, it should be carefully evaluated as a possible cause of 

salinization. 

Tillage is another mechanical operation that is usually carried out for seed 

bed preparation and soil permeability improvement but if it is improperly 

executed it might form a plough layer or turn a salty soil horizon and bring it 

closer to the soil surface. Proper monitoring of changes in the soil will help 

the timely adoption of corrective measures for the control of salinity that 

might otherwise be accentuated 

 

4. SUITABILITY OF IRRIGATION WATER  

Poor quality of water is one of soil main factors turning many a good soil into 

saline or sodic soil. Water being a universal solvent, several salts are 

dissolved in it. The salt content of water is dependent on the characteristics of 

the parent material of the soil through which it passes. Considerable water by 

is taken up by the plant from the soil and transported. If water contains much 

salts dissolved in it. These accumulate in the upper layer of the soil having 

been brought up to the surface by evaporation. If rainfall is not sufficient to 

leach out these salts, they accumulate over seasons and make the soil saline 

or sodic. 

Irrigation with saline water affects adversely crop growth and productivity. 

High ground water table, aridity, seepage from canals, poor drainage, back 

water flow, intrusion of sea water also leads to salinity and sodicity. 

The quality of irrigation water is judged by the amount of suspended and 

dissolved materials it contains. All irrigation water contains dissolved or 

suspended materials. Suspended materials can be removed with filters. Crop 

yield can be reduced significantly when the dissolved materials or salinity of 

the irrigation water, is high enough. In some case, even though the salt 

content of the water is low, continued irrigation application may gradually 

build up the salt content in the root zone. Nevertheless, irrigation water 

quality is commonly assessed in terms of soluble salts content, percentage of 

sodium, boron and bicarbonates contents. High amounts of exchangeable 

sodium can cause soil particle dispersion that reduces soil structure and 

restricts air and water movement into and within the soil. Sodium, chloride, 
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boron and other ions are toxic to many plants when present in sufficient 

concentrations. 

  

5.1. Content of Irrigation Water 

Whatever may be the source of irrigation water, river, tank or ground water, 

some salts are always dissolved in it. The main soluble constituents are 

cations (positively charged ions) of calcium, magnesium, sodium and 

potassium and the anions (negatively charged ions) of sulphate, chloride, 

bicarbonate, carbonate and nitrate. Some others such as lithium, silicon, 

bromine, iodine, copper, nickel, cobalt, fluorine, boron, zirconium, titanium, 

vanadium, barium, rubidium, caesium, arsenic, antimony, chromium, 

manganese, lead, molybdium, selenium and phosphate and organic matter 

may also be present in minor quantities. Of these boron, selenium, 

molybdenum and fluorine if taken up by plants in excessive amounts will be 

harmful for animals which may feed on such forage or drink such water. 

Among all these soluble constituents calcium, magnesium, sodium, chloride, 

sulphate, bicarbonate and boron are of primary importance in determining the 

quality of irrigation water and its suitability for irrigation. 

Under certain condition, the presence of bicarbonate ion causes the 

precipitation of calcium and magnesium, thus increasing the proportion of 

sodium and hence increasing the sodium hazard. Chemically, water of low 

salinity has predominance of calcium and magnesium and bicarbonate while 

highly saline waters are dominant with chloride and sodium ions. Generally, 

80% of waters have more magnesium than calcium and in most cases Mg:Ca 

ratio is from 1 to 4.  Potassium forms 1 to 3% of the total salt content. 

Sodium and bicarbonate rich water have less than 5% calcium of the total 

salts. Surprisingly some groundwater sources contain high level of   nitrates. 

Other factors such as texture and structure of the soil, its drainage, crop and 

climate are equally important in determining suitability of water for 

irrigation. The quality of irrigation water is generally expressed on the basis 

of total salt content, relative concentration of sodium to other cations, boron 

content and bicarbonate content. 

 

5.2. Water Quality Guidelines 

Guidelines for evaluation of water quality for irrigation are given in Table 4. 

The criteria for judging the quality of irrigation water are: total salt 
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concentration as measured by electrical conductivity or total dissolved salts 

(TDS), relative proportion of sodium as expressed by sodium absorption 

ration (SAR), bicarbonate content, boron concentration. They emphasize the 

long-term influence of water quality on crop production, soil conditions and 

farm management. The guidelines are practical and have been used 

successfully in general irrigated agriculture for evaluation of the common 

constituents in surface water, groundwater, drainage water, sewage effluent 

and wastewater. They are based on certain assumptions which are given 

immediately following the Table. These assumptions must be clearly 

understood but should not become rigid prerequisites. A modified set of 

alternative guidelines can be prepared if actual conditions of use differ 

greatly from those assumed. 

Ordinarily, no soil or cropping problems are experienced or recognized when 

using water with values less than those shown for ‘no restriction on use’. 

With restrictions in the slight to moderate range, gradually increasing care in 

selection of crop and management alternatives is required if full yield 

potential is to be achieved. On the other hand, if water is used which equals 

or exceeds the values shown for severe restrictions, the water user should 

experience soil and cropping problems or reduced yields, but even with 

cropping management designed specially to cope with poor quality water, a 

high level of management skill is essential for acceptable production. If water 

quality values are found which approach or exceed those given for the severe 

restriction category, it is recommended that before initiating the use of the 

water in a large project, a series of pilot farming studies be conducted to 

determine the economics of the farming and cropping techniques that need to 

be implemented. 

Table 4 is a management tool. As with many such interpretative tools in 

agriculture, it is developed to help users such as water agencies, project 

planners, agriculturalists, scientists and trained field people to understand 

better the effect of water quality on soil conditions and crop production. With 

this understanding, the user should be able to adjust management to utilize 

poor quality water better. However, the user of Table 4 must guard against 

drawing unwarranted conclusions based only on the laboratory results and 

the guideline interpretations as these must be related to field conditions and 

must be checked, confirmed and tested by field trials or experience. 

     
Table 4. Guidelines for evaluating irrigation water quality 
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Potential irrigation problem 

 

Units 

Degree of restriction on use 

None Slight to moderate Severe 

Salinity: (affecting crop) 

             ECw\ 

                       or 

             TDS 

 

dS m-1 

 

mg lt-1 

 

< 0.7 

 

< 450 

 

0.7 – 3.0 

 

450  - 2000 

 

> 3.0 

 

> 2000 

Infiltration (affecting soil) 

     SAR = 0  –  3 and ECw = 

             =  3 –   6                 = 

             =  6 – 12                 = 

             = 12 - 20                 = 

             = 20 – 40                = 

  

>  0.7 

> 1.2 

> 1.9 

> 2.9 

> 5.0 

 

0.7 – 0.2 

1.2 – 0.3 

1.9 – 0.5 

2.9 – 1.3 

5.0 – 2.9 

 

< 0.2 

< 0.3 

< 0.5 

   <  1.3 

   < 2.9 

Specific ion toxicity 

(affects sensitive crop) 

Sodium (Na)   surface 

                        Sprinkler 

 

 

SAR 

me lt-1 

 

 

< 3 

< 3 

 

 

3 – 9 

> 3 

 

 

> 9 

 

Chloride (C )  Surface 

                        Sprinkler 

me lt-1 

me lt-1 

< 4 

< 3 

4 – 10 

> 3 

> 10 

Boron (B )  me lt-1 < 0.7 0.7 – 3.0 > 3.0 

Miscellaneous effect 

(Affect susceptabe crops) 

Nitrogen (NO3   - N) 

Bicarbonate (HCO3) 

(overhead sprinkling only) 

 

 

me lt-1 

me lt-1 

 

 

< 5 

< 1.5 

 

 

5 - 30 

1.5 - 8.5 

 

 

> 30 

> 8.5 

pH  Normal range 6.5 - 8.4 

 

The guidelines are a first step in pointing out the quality limitations of a 

water supply, but this alone is not enough; methods to overcome or adapt to 

them are also needed. It is beyond the scope of this manual to go into 

drinking water standards, but this aspect should, nevertheless, be considered 

during the planning of an irrigation scheme. This is important, because 

irrigation supplies are also commonly used, either intentionally or 

unintentionally, as human drinking water. Laboratory determinations and 

calculations needed to use the guidelines given in Table 5 and Fig. 1, along 

with the symbols used. 

 

 

5.3. Classification of Irrigation Water 
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All irrigation water could be classified based on total salt content, sodium 

adsorption ratio and Boron content. US salinity laboratory classified 

irrigation water based on EC and SAR which is depicted in fig.2 the 

horizontal axis represent conductivity in µmhos/cm and vertical axis 

represents SAR. 

 

Figure 1. Nomogram for determining the SAR value of irrigation water and for 

estimating the corresponding ESP value of a soil that is at equilibrium 

with the water (Richards 1954) 
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Table 5 Laboratory Determinations Needed to Evaluate Common Irrigation 

Water Quality Problems 
Water parameter Symbol Unit1 Usual range in 

irrigation water 

SALINITY         

Salt Content         

Electrical Conductivity ECw dS/m 0 – 3 dS/m 

(or) 
    

Total Dissolved Solids TDS mg/l 0 – 2000 mg/l 

Cations and Anions 
    

Calcium Ca++ me/l 0 – 20 me/l 

Magnesium Mg++ me/l 0 – 5 me/l 

Sodium Na+ me/l 0 – 40 me/l 

Carbonate CO—
3 me/l 0 – .1 me/l 

Bicarbonate HCO3
- me/l 0 – 10 me/l 

Chloride Cl- me/l 0 – 30 me/l 

Sulphate SO4
-- me/l 0 – 20 me/l 

NUTRIENTS2 
    

Nitrate-Nitrogen NO3-N mg/l 0 – 10 mg/l 

Ammonium-Nitrogen NH4-N mg/l 0 – 5 mg/l 

Phosphate-Phosphorus PO4-P mg/l 0 – 2 mg/l 

Potassium K+ mg/l 0 – 2 mg/l 

MISCELLANEOUS 
    

Boron B mg/l 0 – 2 mg/l 

Acid/Basicity pH 1–14 6.0 – 8.5 
 

Sodium Adsorption Ratio3 SAR (me/l)1, 2 0 – 15 
 

 

The curves running from the left to the right are given in negative slope to 

consider the dependence of the sodium hazard on the total salt concentration. 

To use this diagram, with SAR and EC values the corresponding point on the 

diagram is located, his point gives the class of irrigation water. 

Suppose the SAR is 8 ----and EC is 2300 µmhos/cm, SAR and EC values are 

taken on the coordinates, the corresponding point shows the class of water. 

With the present example, the water is classified as C4 – S2 indicating very 

high salinity water and medium sodium water. With the same SAR of 8 and 

with EC of 2400 µmhos/cm the water is classified as C1 – S1 indicating low 

http://www.fao.org/docrep/003/T0234E/T0234E01.htm#1note1
http://www.fao.org/docrep/003/T0234E/T0234E01.htm#1note2
http://www.fao.org/docrep/003/T0234E/T0234E01.htm#1note3
http://www.fao.org/docrep/003/T0234E/T0234E01.htm#1note1
http://www.fao.org/docrep/003/T0234E/T0234E01.htm#1note2
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sodium and low salinity water. In this classification, irrigation water is 

classified in to four groups each based on EC and SAR. 

 

Figure 2. Nomogram for classification of irrigation water 

 

 



 

 

18 
 

Salinity classification 

C1 – Low salinity water: If electrical conductivity is less than 0.25d S/m, the 

irrigation water is classified as low salinity water. It can be used for irrigation 

in all soils and on most crops but leaching is required in case of extremely 

low permeable soil.  

C2 – Medium salinity water: It has an EC between 0.25 – 0.75 dS/m, this 

water can be safely used for crops with moderate salt tolerance. The soil 

should have moderate level of permeability and leaching to avoid 

accumulation of salts.  

C3 – High salinity water: Water with in ranges of 0.75 – 2.25 dS/m, is called 

high salinity water. This water cannot be used on soils with poor drainage. 

This water can be used for salt tolerant crops by providing good drainage and 

also by practicing management practices for salinity control. 

C4 – Very high salinity water: If EC is more than 2.25 dS/m, the water is 

classified as very high salinity water. It is not suitable for irrigation water 

under ordinary conditions, but may be used occasionally if the soil is 

permeable by providing adequate drainage. 

 

Sodium Classification 

S1 – Low sodium water: It can be used for irrigation on almost all soils with 

little danger of the development of sodium problem. 

S2 – Medium sodium water: It can be used only on soils of coarse texture 

and with lot of organic matter. It produces harmful effect if applied to the 

soils of fine texture and low permeability.  

S3 – High sodium water: It may produce troublesome sodium problems in 

most soils and requires good management like providing good drainage, high 

leaching and addition of organic matter. If there is plenty of gypsum in the 

soil no problem develops for sometimes. If gypsum is not present in the soil, 

the same may be added depending on the requirement. 

S4 – Very high sodium water: It is not fit for irrigation except at low and 

medium salinity. Gypsum has to be added to the soil to decreases sodium 

hazard appreciably in case this water is to be applied to the soil.  
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5.4. Problems with Poor Quality Water 

Several soil and plant related problems arise from use of poor-quality water 

for irrigation. Some of the problems are mentioned as follows. 

 

Extraction of water 

If excessive quantity of soluble salts in the irrigation water accumulate in the 

crop root zone, the crop has difficulty in extracting enough water. Root 

growth is also suppressed, increasing the difficulty of water uptake. Salinity 

stress in plants is often called physiological drought. The growth reduction 

due to increasing salinity is linear within a wide range. The leaves of salt 

affected plants are smaller and darker than normal leaves. Leaves became 

succulent if chloride ion is more. Due to reduced uptake of water and other 

effects, yields are reduced. The reduction in yield due to salinity is more in 

warm climate than cool climate. 

 

Soil permeability 

Soil permeability is reduced due to the deflocculation effect of sodium. If the 

permeability is reduced, infiltration of water into and through the soil is 

reduced and when adequate root penetration is inhabited due to the presence 

of impermeable soil layer caused by calcium carbonate and high 

exchangeable sodium percentage. Crusting of seedbeds, waterlogging, 

reduced oxygen and nutrient supply to the crops are the problems due to high 

sodium content relative to calcium and magnesium. 

 

Toxicity 

Toxicity symptoms occur when plants take up excessive amounts of boron, 

chloride, sodium, sulphate and bicarbonate. Vegetable growth decreases as 

the osmotic pressure of the soil solution increase. Reduction in growth takes 

place even without any external toxic symptoms. With increase in salinity, 

symptoms of salt injury appear. They are thick cuticle, waxy bloom and deep 

blue-green color of the leaves. At high salt levels, leaf burn appears in barely, 

sorghum and field beans. 
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Anatomical and physiological effects 

Salinity reduces cell division, cell enlargement and proteins synthesis. It 

affects the structure and integrity of plant membranes and causes 

mitochondria and chloroplasts to swell. Sodium and chloride at toxic levels 

disrupt the structure of the protein molecules. High chloride content hinders 

the development of xylem. 

Nutritional effects 

Higher levels of certain ions affect the absorption of other nutrient elements. 

Higher concentration of sulphate reduces the uptake of calcium and enhances 

the uptake of sodium. This process causes high levels of sodium in plants, 

thus causing sodium toxicity. High concentration of calcium reduces the 

uptake of potassium. High concentration of magnesium induces calcium 

deficiency in plants. 

 

Soil microorganisms 

Nitrate and nitrite producing bacteria are sensitive to high salt concentration 

than ammonia producing bacteria. Azotobactor is relatively resistant to high 

salt concentration. 

 

Other effects 

Excessive vegetative growth, lodging, delayed crop maturity results due to 

excessive nitrogen in water. White and black deposits on soil due to high salt 

content and sodium and leaf burn due to using poor quality irrigation water in 

sprinkler irrigation are some of the problems. Tilt of the soil will be poor due 

to high exchangeable sodium percentage. Exchangeable sodium tends to 

make the moist soil impermeable to air and water and on drying the soil 

becomes hard and difficult to work.  The dense crusts formed interfere with 

germination and emergence of seedlings. If soluble carbonates are in 

irrigation water applied to the soil, in absence of calcium and magnesium in 

the soil, the soil becomes alkaline and unfavorable characteristics develop. 

Sodium carbonate in irrigation water is extremely toxic to plants. 
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5.5. Management Practices 

When it is inevitable to use water of poor quality for crop production 

appropriate management practices help to obtain reasonable yields of crops. 

The success of crop production while irrigating with saline water lies in 

keeping the rise of salinity beyond certain limits. Some of the important 

management practices are: (1) application of gypsum to irrigation water rich 

in sodium and bicarbonate, (2) growing of tolerant crops and varieties, (3) 

proper method of sowing, (4) application of optimum qualities of manures 

and fertilizers, (5) proper scheduling of irrigation, (6) providing good 

drainage and (7) other management practices such as planting aged seedlings 

of rice, mulching, crop rotation, soil management, leaching etc. 

 

Gypsum Application 

Due to its low solubility (0.25 0.30%) and cost gypsum (hydrated calcium 

sulphate) is suitable for creating a favourable Ca:Na or Ca:Mg ratio in 

irrigation water. Improvement in Ca:Na ratio or SAR takes place by 

increasing the calcium ion concentration, decreasing the Mg:Ca ratio and 

precipitating excessive carbonate ions. 

Gypsum used for agricultural purpose should be 65% pure. Gypsum has to be 

powdered up to 0.5 mm size or passed through 30 mesh sieves. Gypsum 

requirement has to be calculated based on the relative concentration of 

sodium, magnesium and calcium ions in irrigation water and the solubility of 

gypsum. To add 1 meq/1 of calcium, 860 Kg of gypsum of 100% purity per 

hectare meter of water is necessary. The actual amount of gypsum to be 

added to irrigation water depends on the amount of calcium and water to be 

applied for the crop production. Application of saturated solution of gypsum 

by mechanical device at a constant rate is the best method. As application of 

gypsum improves, poor quality of water and also alkali soil, gypsum can be 

applied to the soil if it is alkali soil. If the soil is good and the water is poor 

quality, gypsum should be applied to water. 

 

Tolerant Crops 

The limit of tolerance of various crops to salt is given in Table 6 and Table 7. 

Salt tolerant crops like barley, cotton, sugar beet is moderately tolerant. 

Crops like safflower, wheat, soybean etc., can be grown if irrigation water is 
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saline. Growth and yield of crop will be better if the crop is irrigated 

frequently.  

 

Table 6. Relative tolerance of crops to salinity 
Sensitive Moderately 

Sensitive 

Moderately 

tolerant 

Tolerant 

Apple Cabbage Safflower Barley 

Carrot Corn Soybean Cotton 

Lemon Cowpea Wheat Datepalm 

Onion Grapes  Sugarbeet 

Orange Groundnut   

Pulses Potato   

 Rice   

 Tomato   

 Sorghum   

 

 

Table 7. Relative tolerance of crops to Boron* 

Tolerant 

(2-4 ppm) 

Semi-tolerant 

(1-2 ppm) 

Sensitive 

(0.3-1.0 ppm) 

Datepalm Sunflower Apple 

Sugarbeet Potato Grape 

Onion Cotton, Orange  

Cabbage Tomato, Lemon  

Carrot Barley  

 Wheat  

 Maize  

 Sorghum  

 Sweet potato  
*Tolerance decrease in decreasing order in each column between the stated 

 

Method of Sowing 

Germination of seeds decreases with increasing salinity. It is essential to 

obtain good crop stand even when poor quality water is used. Seeds have to 

be placed in the area where salt concentration is less. With furrow irrigation, 

the salt tends to concentrate mainly in the center of the ridge between furrows 

and in a third layer along the top of the ridge. The salt concentration is less 

on the slope of the ridge and bottom of the ridge. The safest place for seed 

placement is on the side of the ridge or at the bottom of the ridge. 
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Fertilizer Application 

Soils irrigated with poor quality water are generally low fertility especially 

nitrogen and sometimes phosphorus. Fertility status has to be raised to obtain 

better crops. 

Methods of Irrigation 

Poor quality irrigation water is not suitable for use in sprinkler irrigation. 

Excess quantity of sodium and chloride can be absorbed through leaves wet 

by the sprinkler water and can cause leaf burn. Poor quality water can be 

used in drip irrigation system as salt concentration in the root zone of the 

crop is reduced as salts are pushed to the periphery of the wetted area.  

 

5.6. Other Management Practices 

Overaged seedlings: Transplanting of rice with overaged seedlings results in 

better establishment in salt affect soil than normal aged seedlings. Closer 

planting has to be adopted for compensating the yield reduction caused by 

planting overaged seedlings. In case other crops like finger millet, pearl 

millet etc., transplanting is the better method than direct sowing of these 

crops for proper establishment. 

Mulching: Mulching with locally available plant materials help in reducing 

salt affected problems by reducing evaporation and by increasing infiltration. 

Salts are leached into lower layers even with rainfall by application of 

mulches. 

Soil Management: All soil management practices that improve the 

infiltration rate and maintain favourable soil structure reduce salinity hazard. 

 

Crop Rotation: Inclusion of crops such as rice in the rotation reduces 

salinity. 
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