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TW Tube Well 
WP Water point 
µ micro 
µg/l Micrograms per litre 
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1. Introduction 
 
Water quality suitable for irrigation agriculture is complex and affected by the following: 

a) Salinity (Electrical conductivity) hazard 
b) Permeability or sodium hazard(SAR) 
c) Toxicity or specific ions toxicity (Sodium, Boron and Chloride) 
d) Miscellaneous 
e) pH - acid or basic 
f) Others (Sodium percentage, residual sodium bicarbonate or residual alkalinity, 

permeability index, magnesium hazards). 

Therefore, we analysed water samples of groundwater(GW) and surface water (SW) from 
ShirinTagab and Sholgara district to discover if the water is suitable for irrigation according to 
the above limitations. This is a pilot chemical and physical analysis of water samples for 
suitability of water quality for irrigation. We will develop these observations via chemical analysis 
of more water samples and soil salinity for selection of tolerant crops according to the suitability 
of water quality and soil characteristics in the future.  

Figure 1 and figure 2 indicate the study area for suitability of water quality for irrigation. 

 
Figure 1 Location of ShirinTagab District 
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Figure 2 Location of Sholgara district 

Key words: Physico-chemical characteristics; surface water and groundwater; suitability; 
irrigation; agriculture. 

2. Objectives 

The main objectives of this study are: 

 Evaluate water quality concern parameters for suitability of groundwater and surface 
water for irrigated agriculture. 

 Select crops which are tolerant for mentioned parameters. 

 Present management alternative that can be expected to improve production of adapted 
crops with availibility of groundwater andsurface water for irrigation. 

3. Guideline for suitability of water quality 
The suitability criteria for water that can be used for agricultural are indicated in table 1 to 8. 

Table 1 Guideline for assessment of salinity hazard of irrigation water 

Potential 
problem 

Limitation/degree of problem on use 
Non Slight-moderate Sever 

EC (dS/m) <0.75 0.75-3.00 > 3 
TDS (mg/L) <400 450 - 2000 > 3 

Source: Water quality for irrigation (FAO, 1985) 
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Table 2 Guidelines for assessment of sodium versus salinity hazard of irrigation water 

Salinity and permeability 
problem (evaluate using EC 
and SAR) 

Limitation/degree of problem on use 
Non Slight-moderate Sever 

SAR EC (dS/m) 
0 – 3 > 0.7 0.7 – 0.2 < 0.2 
3 – 6 > 1.2 1.2 – 0.3 < 0.3 
6 – 12 > 1.9 1.9 – 0.5 < 0.5 
12 - 20 > 2.9 2.9 – 1.3 < 1.3 
20 - 40 > 5 5 – 2.9 <2.9 

Source: Water quality for irrigation (FAO, 1985) 

Table 3 Guideline for assessment specific ion toxicity of irrigation water 

Specific ion toxicity(affects 
sensitive crops)  

Limitation/degree of problem on use 
Non Slight-moderate Sever 

Sodium or SAR(surface 
irrigation) 

< 3 3 - 9 > 9 

Boron (mg/L) < 0.7 0.7 - 3 > 3 
Chloride (meq/L) < 4 4 - 10 > 10 

Source: Water quality for irrigation (FAO, 1985) 

 
Table 4 Classification of irrigation water: Boron concentration in relation to plant tolerance 

Classification Sensitive plant Semi-tolerant plant Tolerant plant 

Boron concentrations (ppm) 

Good < 0.3 < 0.6 < 1.0 

Fair 0.4 – 0.6 0.7 – 1.3 1.1 – 2 

Poor 0.7 – 1.0 1.4 – 2.0 2.1 – 3.0 

Poor 1.1 – 1.3 2.1 – 2.5 3.1 – 3.8 

Unsuitable > 1.3 > 2.5 > 3.8 
Source: http//www.osueextra.com 

 
Table 5 Chloride classification of irrigation water 

Chloride (ppm) Effect on Crops 

Below 70 Generally safe for all plants. 

70-140 Sensitive plants show injury. 

141-350 Moderately tolerant plants show injury. 

Above 350 Can cause severe problems. 

Source: Mass (1990) Crop Salt Tolerance. Agricultural Salinity Assessment and Management Manual. 
K.K. Tanji (ed.). ASCE, New York. pp 262-304. 

 
Table 6 Suitability of groundwater and surface water for irrigation based on percentage sodium 

% Na Water class 

< 20 Excellent 

20 - 40 Good 

40 - 60 Permissible 

60 - 80 Doubtful 

>80 Unsuitable 
Sources: Advances applied science research, 2011. 
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Table 7 Suitability of groundwater and surface water for irrigation: residual sodium carbonate (RSC) 

RSC (meq/l) Remark on quality 

<1.25 Good 

1.5–2.5 Doubtful 

> 2.5 Unsuitable 
Sources: Advances applied science research, 2011. 

 
Table 8 Suitability of groundwater and surface water for irrigation: magnesium hazard (MH). 

MH (meq/l) Remark on quality 

< 50 Good 

> 50 Unsuitable 
Sources: Advances applied science research, 2011. 

4. Evaluation of water quality ShirinTagab district 

Two water samples were collected (from groundwater and surface water) from Gurzad village of 
ShirinTagab district in Faryab Province). The location of water samples and summary of water 
quality concern parameters for irrigationis indicated in the figure 3. 

 
Figure 3 Location of water samples in Gurzad village 
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4.1 Summary of water quality concerns 

The summary of surface and ground water quality parameters and remarks on suitability of 
water for irrigation are indicated in the tables 9 and 10 for water of surface in table 9 and for 
groundwater in table 10. 

Table 9 Summary of water quality in Gurzad village 

Parameters Symbol Unit Values Remarkable on water quality 

Electrical Conductivity/Salinity  EC µS/cm 1160 Moderate problem for 
irrigation 

pH   7.7 Normal for irrigation 

Sodium Na % 36.66 Good for irrigation 

Sodium Adsorption Ratio SAR meq/l 4.47 Excellent for irrigation 

Residual Sodium Bicarbonate  RSC meq/l 4.56 Unsuitable for irrigation and 
need soil modification 

Boron B mg/l 0.2 Good for sensitive plant 

Magnesium Hazard  MH meq/l 61.8 Harmful for irrigation and 
need soil modification 

Chloride  Cl mg/l 12.5 Safe for all plants 

Nitrate  NO3 mg/l 3.04 Excellent for irrigation 

Table 10 Summary of water quality concern in groundwater Gurzad village 

Parameters Symbol Unit Values Remarkable on water quality 

Electrical Conductivity/Salinity  EC µS/cm 1660 Moderate problem for irrigation 

pH   7.55 Normal for irrigation 

Sodium Na % 40.08 Good for irrigation 

Sodium Adsorption Ratio SAR meq/l 4.93 Excellent for irrigation 

ResiduaSodium Bicarbonate  RSC meq/l 14.50 Unsuitable for irrigation and 
need soil modification 

Boron B mg/l 0.7 Fair for semi-tolerant plant  

Magnesium Hazard  MH meq/l 57 Harmful for irrigation and need 
modification 

Chloride  Cl mg/l 20.5 Safe for all plants 

Nitrate  NO3 mg/l 4.32 Excellent for irrigation 

4.2 Graphic evaluation of sodium and salinity hazard by Wilcox plot 

Wilcox plot is indicated in figure 4 evaluating the sodium and salinity hazard for surface and 
groundwater. 
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Figure 4 Graphic evaluation of sodium (SAR) and salinity (EC) hazard for irrigation 

The sample from surface water is plotted in C3S1 which is indicating high salinity hazard and low 
sodium hazard. It can be used for irrigation of almost all types of soil with little hazard for 
exchangeable sodium concentration. The sample from groundwater is plotted in C3S2 which is 
indicating high salinity hazard and moderate sodium hazard. It can be used for irrigation with 
moderate sodium hazard and high salinity hazard. 

4.3 Summary of water quality parameters analyzed and calculated data 

The summary of water quality parameters analyzed and calculated data of surface and ground 
water are indicated in the table 11 and 12. 
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Table 11 Summary of water quality parameters analyzed and calculated data for Gurzad 
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Table 12 Summary of water quality parameters analyzed and calculated dataGurzad 

 

5. Evaluation of water quality in Sholgara district 

Three water samples were collected (one from groundwater and two surface water) from 
Qipchaq and Shikhha (Mula Sahib) villages of Sholgara district. The location of water samples 
and summary of water quality concern parameters for irrigationis in the figure 5. 
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Figure 5 Location of water samples and summary of water in Sholgara district 

5.1 Summary of water quality parameters 

The summary of surface and ground water quality parameters and remarks on suitability of 
water for irrigation are indicated in the tables 13, 14, 15 & 16 (table 13& 14 for surface water 
and table 15 for groundwater) in Shikhha village of Sholgara district of Balkh province. 

Table 13 Summary of water quality for surface concern Shikha Village 

Parameters Symbol Unit Values Remarkable on water quality 

Electrical Conductivity/Salinity  EC µS/cm 557 Low and excellent for irrigation 

pH   7.79 Normal for irrigation 

Sodium Na % 23.6 Good for irrigation 

Sodium Adsorption Ratio SAR meq/l 5.55 Excellent for irrigation 

Residual Sodium Bicarbonate  RSC meq/l 4.76 Unsuitable for irrigation and 
need soil modification 

Boron B mg/l 0.05 Good for all plants 

Magnesium Hazard  MH meq/l 40.3 Not harmful for irrigation 

Chloride  Cl mg/l 26.5 Safe for all plants 

Nitrate  NO3 mg/l 0.06 Excellent for irrigation 
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Table 14 Summary of water concern in Qipchaq village surface water 

Parameters Symbol Unit Values Remarkable on water quality 

Electrical Conductivity/Salinity  EC µS/cm 449 Low and excellent for irrigation 

pH   8 Normal for irrigation  

Sodium Na % 21.25 Good for irrigation 

Sodium Adsorption Ratio SAR meq/l 3.82 Excellent for irrigation 

Residual Sodium Bicarbonate  RSC meq/l 7.4 Unsuitable for irrigation and 
need soil modification 

Boron B mg/l 0.05 Good for all plants 

Magnesium Hazard  MH meq/l 61.4 Harmful for irrigation and need 
modification 

Chloride  Cl mg/l 15 Safe for all plants 

Nitrate  NO3 mg/l 6.04 Excellent for irrigation 

Table 15 Summary of water quality in Qipchaq Village for groundwater 

Parameters Symbol Unit Values Remarkable on water quality 

Electrical Conductivity/Salinity  EC µS/cm 660 Low and excellent for irrigation 

pH   7.75 Normal for irrigation 

Sodium Na % 27 Good for irrigation 

Sodium Adsorption Ratio SAR meq/l 4.67 Excellent for irrigation 

Residual Sodium Bicarbonate  RSC meq/l 6.13 Unsuitable for irrigation need 
soil modification 

Boron B mg/l 0.014 Good for all plants 

Magnesium Hazard  MH meq/l 39.3 Not harmful for irrigation 

Chloride  Cl mg/l 5.7 Safe for all plants 

Nitrate  NO3 mg/l 2.04 Excellent for irrigation 

5.2 Graphic evaluation of sodium and salinity hazard by Wilcox plot 

Wilcox plot is indicated in figure 6 evaluating the sodium and salinity hazard for surface and 
groundwater. 

 
Figure 6 Graphic evaluation of sodium (SAR) and salinity (EC) hazard for irrigation 
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The points are plotted in C2S1 which are indicating low salinity hazard and low sodium hazard. 
Ground and surface water can be used for irrigation of all types of soil without any hazard for 
exchangeablesodium concentration. 

5.3 Summary of water quality parameters analyzed and calculated data 

The summary of water quality parameters analyzed and calculated dataof surface 
andgroundwaterare indicated in the table 16, 17 and 18. 

Table 16 Summary of water quality in Shikha 
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Table 17 Summary of water quality in Qipchq 
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Table 18 Summary of water quality 

 

6. Summary and Recommendation 

The results derived from this study, carried out in ShirinTagab and Sholgara districts through 

analyzing and evaluating water samples from surface water and groundwater for suitability of 

water quality for irrigation agriculture are as below. 

6.1 ShirinTagab district 

 The electrical conductivity or salinity of water samples from surface water and 

groundwater indicates moderate hazard for irrigation. It is suggested to select crops that 

are tolerance for moderate salinity for increasing crop yields. 

 The graphic evaluation (Figure 4) of analyzed water sample from surface water is plotted 
in C3S1 is indicating high salinity hazard and low sodium hazard. It can be used for 
irrigation of almost all types of soil with little hazard for exchangeable sodium. The 
sample from groundwater is plotted in C3S2(Figure 4) which is indicating high salinity 
hazard and moderate sodium hazard.It can be used for irrigation, but required to be 
monitored and care to be taken. 

 The RSC values indicate that the surface and groundwater are unsuitable for irrigation. 

Therefore, an application is needed to modifythe soil by application of gypsum. 
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 The MH calculated values indicatethat the groundwater is harmful and surface water is 

suitable for irrigation. 

 The sodium concentration percentage (%Na) indicate that thesurface and groundwater are 

good for irrigation. 

 Boron concentration level indicate that the surface water is good for sensitive plants and 

the groundwater is fair for semi-tolerant plans during irrigation. 

 The chloride and nitrate concentration levels indicate that the surface water and 

groundwater are safe for plants during irrigation. 

6.2 Sholgara district 

 The graphic evaluation (Figure 6) of analyzed water samples from surface water and 
groundwater are plotted in C2S1 which indicate low salinity hazard and low sodium 
hazard. Ground and surface water can be used for irrigation of all types of soil without 
any hazard for exchangeable sodium. 

 The electrical conductivity or salinity of water samples from surface water and 

groundwater indicatelow EC and therefore excellent for irrigation. 

 The sodium concentration present (%Na) indicates that the surface and groundwater are 

good for irrigation. 

 The RSC values indicate that the surface and groundwater are unsuitable for irrigation 

and need therefore soil modification.Therefore, an application is needed to modifythe soil 

by application of gypsum. 

 The MH calculated values indicates that the surface and groundwaterare not harmful for 

irrigation. 

 Boron concentration level indicates that the surface water and groundwater are safe all 

plans during irrigation. 

 The chloride and nitrate concentration levels indicate that the surface water and 

groundwater are safe for all plants during irrigation. 
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