
   

   

 ISSN: 2449 - 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.13 NO.2, AUGUST, 2018 

52 
 

WATER QUALITY ASSESSMENT FOR IRRIGATION IN KAFIN-CHIRI DAM, KANO 
 

1
Maina, M. M*. and 

2
A. A. Aliyu 

 

1,2
Department of Agricultural and Environmental Engineering, Bayero University, Kano 

*Correspondence Author: mainam@buk.edu.ng. +2349092205217 

 

ABSTRACT 

 

Monitoring of water quality especially for irrigation is often ignored in the operation and maintenance of 

irrigation water sources. This research may serve as a preliminary study to provide baseline information that 

may direct future water quality assessment for monitoring quality. The water samples from Kafin-chiri 

irrigation were assessed for their quality in terms of its potential to irrigation. Standard chemical analysis 

procedure were adopted in the chemical analysis of the water samples. The results revealed that the water is 

slightly acidic with a pH of 6.09. The concentration of electric conductivity, chloride, sodium, calcium, 

magnesium, and sulphate recorded in the water samples lies between the permissible limits set by Food and 

Agriculture Organization (FAO) standard for irrigation water. The concentration of carbonate, bicarbonate, 

and nitrate were also within the standard. The results of the pH and EC Shows that the water quality status of 

Kafin-Chiri did not constitutes any hazardous threat to irrigation. It is therefore safe, suitable and 

recommended for irrigation but intermittent assessment is highly encourage to track down any sudden changes 

in quality. Results from this study can serve as a baseline for tracking record for quality assessment of 

irrigation water in the study area. 
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1. INTRODUCTION 

 

Theoretically, the possibility to use low-quality 

water for irrigation depends on its intrinsic 

characteristics and on use conditions, e.g., crop 

type, soil and climate conditions, and irrigation 

method. Several variables may be considered to 

evaluate the quality of water and its usability for 

irrigation purpose. Among the different water 

quality classifications mentioned by the scientific 

literature, the most used is the FAO classification 

reported by Ayers and Westcot (1994), in which 

water quality-related problems in irrigated 

agriculture are subdivided into four groups related 

to: (1) Salinity: salts in soil or water reduce the 

water availability to the crop to such an extent that 

yield is affected; (2) Water infiltration rate: 

relatively high sodium or low calcium content of 

soil or water reduces the rate at which irrigation 

water enters soil to such an extent that sufficient 

water cannot be infiltrated to supply the crop 

adequately from one irrigation to the next; (3) 

Specific ion toxicity: certain ions (e.g., sodium, 

chloride, or boron) from soil or water may 

accumulate in a sensitive crop to concentrations 

high enough to cause crop damage and reduce 

yields; (4) Miscellaneous: excessive nutrients 

reduce yield or quality, unsightly deposits on fruit 
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or foliage reduce marketability, and excessive 

corrosion of equipment increases maintenance and 

repairs (Allen et al., 1998). Water is the most 

important input required for plant growth in 

agriculture. Water is needed for plant growth and 

essential to maintain soil moisture in the root zone. 

All water sources used in irrigation contain 

impurities and dissolved salts irrespective of 

whether they are surface or underground water. 

However quality of water has meaning only with 

respect to its particular use. Water which can be 

considered good quality for household use may not 

be ideal for irrigation. In Agriculture, water quality 

criteria for irrigation are imprecise (Zang et al., 

2012). The final result of quality evaluation 

depends on plant, soil and climatic variables all of 

which can be interdependent, but we will be more 

concerned with irrigation water quality effect 

(Kirda, 1997).  

It can be said that water suitable for irrigating crop 

in an area could not be used for growing the same 

crop in another area whose agro-climatology is 

different from the former. Scientist used to contest 

the water suitability guidelines for irrigating soil 

and crop under all the condition (Bauder et al., 

2007).Therefore, based on the above reservation, 

emphasis should be directed towards the selection 

of set of conditions, like type of soil and crop, crop 

sensitivity, selection of crop 

Genotypes, soil properties and management 

practices that determine how much reduction in 

yield or quality. All these factors must be given 

due consideration and evaluation must be done in 

terms of specific use under the existing conditions 

on the farm (Bauder et al., 2007). This is to say 

that not only water quality serve as the sole 

determinant of crop productivity. 

The normal pH range for irrigation water is from 

6.5 to 8.4. Abnormally low pHs may cause 

accelerated irrigation system corrosion where they 

occur. High pH’s above 8.5 are often caused by 

high bicarbonate (HCO3
-
) and carbonate (CO3

2-
) 

concentrations, known as alkalinity. High 

carbonates cause calcium and magnesium ions to 

form insoluble minerals leaving sodium as the 

dominant ion in solution. According to Mass 

(1990), this alkaline water can intensify sodic soil 

conditions. While EC is an assessment of all 

soluble salts in a sample, sodium hazard is defined 

separately because of sodium's specific detrimental 

effects on soil physical properties (Canessa and 

Peter, 1994). The physical and chemical 

parameters of water play a significant role in 

classifying and assessing water quality. The hydro 

chemical study reveals quality of water that is 

suitable for irrigation, drinking and industrial 

purposes. It is observed that the criteria used in the 

classification of water for a particular purpose may 

not be suitable for other purposes (Shamzad et al., 

2005). 

Poor quality of irrigation water affects both soil 

quality and crop production adversely and 

regardless of its source, irrigation water contains 

some dissolved salts (Shahimasi and kashuta, 

2008). The amount and characteristics of these 

dissolved salts depend on the source and chemical 

composition. The most ordinarily dissolved ions in 

water are sodium, magnesium, calcium (Ca
2+

), 

sulphate (SO4
2+)

 , nitrate (NO3
2-

 ), chloride (Cl
-
 ), 

boron (Br), carbonate (CO3
2-

) and bicarbonates 

(HCO3
2-

)
2
 and others. The concentration and 

proportion of these dissolved ions among other 

things determine the suitability of water for 

irrigation as compared to international standards 

(Ceuna, 1989).  

The quality of irrigation water has effects on the 

soil and the crop grown. High quality crops can be 

produced only by using high quality irrigation 

water keeping other inputs optimal. Characteristics 

of irrigation water that define its quality vary with 

the source of the water; there are regional 

differences in water characteristics, based mainly 

on geology and climate. 

On a local level, there may also be differences in 

the quality of water available depending on 

whether the source is from surface water bodies 

(rivers or ponds) or from ground water aquifers 

with varying geology. The chemical constituents of 

irrigation water can affect plant growth directly 

through toxicity or deficiency. In addition, water 

used for irrigation can vary greatly in quality of 

dissolved salts. In irrigated agriculture, the hazard 

of salty water is a constant threat. Salts originate 

from weathering of rocks and dissolution of other 
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slowly dissolved soil minerals. These substances 

are be carried in the water to wherever it is used. In 

the case of Kafin chiri Dam, the effluent from the 

nearby catchment area is being discharged into the 

dam and ultimately use for irrigation purposes. Not 

much work has been done on kafin chiri. 

Therefore, it is highly recommended that water 

should be tested occasionally as variation of 

parameter could be observed within and across the 

seasons. The focus of this work were to evaluate 

some important physio-chemical parameters of the 

Kafin Chiri Dam for irrigation purposes. 

 

2.0 MATERIALS AND METHODS 

 

2.1 Site Description 

Kafin chiri irrigation project is located in Garko 

local government area, Kano State.Nigeria. The 

project is situated at Latitude 11
0
 40´ 49” North 

and Longitude 8
0
 34´ 29” East in Kafin chiri 

Village, about 65 km Northeast of the state Capital, 

Kano. The dam is 16 m height and has a capacity 

of 31.12 million m
3
. About 570 ha of land is 

presently under development for irrigation adding 

to previously developed land. Surface irrigation 

method is practice in the developed area through 

gravity system. 

 2.2 Water sampling 

Samples were collected by use of plastic containers 

which were washed with detergent and distilled 

water. The bottles were rinsed with the irrigation 

water at sampling points. Samples were analyzed 

for heavy metals. Four (4) sample points was 

established within the dam area, total of twelve 

(12) water samples representing three (3) sampling 

points were collected during the cropping period of 

the peak dry season (Jan-March, 2017) when the 

maximum pollution was expected.   

The samples collected were labelled from the study 

area and carefully transport to the laboratory for 

analysis. 

The analysis for the physico-chemical parameters 

of the samples was carried out using standard 

procedures

 

3.0 RESULTS AND DISCUSSIONS 

The result of the laboratory analysis is presented in 

Tables 1 and 2. Higher values of pH fasten the 

scale formation in water heating apparatus and 

reduce germicidal potential of chlorine (Arvind, 

2002). In Kafinchiri irrigation, the pH of water 

samples ranged between 6.05-6.85 with an average 

value of 6.09, which means the water samples is 

slightly acidic which FAO permissible limits of 

good irrigation water quality (6.0-8.4). 

 

Table 1. Results of chemical Laboratory analysis for heavy metals 

S/No pts      Mean values of parameters (mg/l)   

Cr EC 

(mmhos/cm) 

Na Mg Ca Cl Pb 

1 P1 0.007 1.27 4.50 7.55 17.31 8.41 0.003 

2 P2 0.007 1.29 4.38 6.38 16.06 8.56 0.000 

3 P3 0.01 1.19 4.48 8.18 14.86 7.78 0.01 

4 P4 0.003 1.14 4.65 6.65 17.23 9.45 0.007 

Ave.  0.007 1.22 4.50 7.19 16.37 8.55 0.003 

FAO  < 0.01 0.7-3.0 100-300 20-120 150-400 142-335 <0.01 
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Table 2. Results of Laboratory analysis of ions and pH in Kafin-Chiri water 

S/No Points Mean values of parameters (mg/l) 

No3
- HCO3 CO3 SO4

- pH 

1 P1 7.17 23.58 0.00 2.73 6.11 

2 P2 6.87 24.43 0.00 4.32 6.11 

3 P3 5.57 24.58 0.00 3.27 6.09 

4 P4 6.02 23.66 0.00 2.12 6.05 

Average   6.41 24.06 0.00 3.11 6.09 

FAO  5.0-30.0 90.0-520.0 60-200 0-200 6.0-8.4 

Electrical conductivity is considered to be a rapid 

and good measure of dissolved solids. Conductivity 

is an important criterion in determining the 

suitability of water for irrigation (Preeti 2009). The 

conductivity of Kafin-chiri Irrigation water ranges 

between 1.14-1.29 mmhos/cm with an average 

value of 1.215 mmhos/cm. Electrical conductivity 

values also lies outside the permissible standard but 

its yet to constitutes slight salinity zone but when 

using micro irrigation should be treated before 

apply water to the crop, this is to prevent the effect 

of salts on the plant-soil-water uptake. 

The sources of Ca and Mg in natural water are 

various types of rocks, industrial waste and 

sewage. There is evidence that hard water plays a 

role in  heart diseases (Opoku-Duah, 1999). Higher 

concentration of Mg makes the water unpalatable 

and act as laxative to human beings (Preeti 2009). 

The Ca
+2

 concentrations in Kafin-chiri irrigation 

project ranges between 14.86 and 17.31mg/l with 

an average value of 16.09mg/l. And according to 

FAO, it is within the safety limit of the standard as 

far as irrigation is concern. 

The Mg
+2 

concentrations in Kafin-Chiri irrigation 

project ranges between 6.38 and 8.18mg/l with an 

average value of 7.28 mg/l which also lies between 

the excellent permissible limit and safe zone 

according to FAO standard for irrigation water. 

The water is consider of good quality as far as 

magnesium content is concern. 

Sodium Adsorption Ratio (SAR) is used to 

evaluate the suitability of water for irrigation. It 

estimates the degree to which sodium will be 

adsorbed by the soil. High value of SAR means 

that sodium in the water may replace calcium and 

magnesium ions in the soil will potentially causes 

damage to the soil structure (Islam et al, 2009).  

The main sources of nitrate in water are human and 

animal waste, industrial effluent, use of fertilizers 

and chemicals, silage through drainage system 

(Preeti, 2009). The nitrate level in Kafin-chiri 

irrigation project ranges between 5.57 and 7.17 

with an average value of 6.37mg/l. According to 

FAO (1994) the water is within the permissible for 

irrigation (5-30mg/l).  

 

High chloride content in water sample may be due 

to the pollution from chloride rich effluent of 

sewage and municipal waste. People who are not 

accustomed to high chloride were subjected to 

laxative effect (Shaki and Adeloye, 2006). The 

chloride content in Kafin-chiri irrigation project 

ranges between 7.78 and 9.45 mg/l with an average 

value of 8.62 mg/l which is below the permissible 

limit (excellent for irrigation) according to the 

FAO standard. 

Sulphate is an essential element to the plants. 

However, where present in low and excessive 

amounts is extremely toxic. In Kafin-chiri 

irrigation project the sulphate value ranges between 

2.12 and 4.32 mg/l with an average value of 3.11 

mg/l the water lies between the permissible limit 

according FAO standards. The water is suitable for 

irrigatio
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4.0 CONCLUSION 

 

Some important physico-chemical parameters of 

Kafin-chiri irrigation project were evaluated for the 

criteria of irrigation water quality. The study 

revealed that temperature, pH and EC of water 

were found to be within the permissible limits for 

irrigation purposes. The continuous use of the 

water for irrigation is highly encouraged and any 

initiative for development of planned irrigation 

along the Dam is also highly encouraged. The 

concentration of electric conductivity, chloride, 

sodium, calcium, magnesium, and sulphate 

recorded in the water samples lies between the 

permissible limits set by FAO.  

 This research serve as preliminary study on water 

quality and provide baseline information that may 

direct future water quality assessment studies in the 

study area. Also according to (Bauder et al., 2007), 

water having EC ≤ 0.25dS m
-1

 is excellent, which 

is in conformity with the results of this study. 

Similarly, Sheikh (1999) developed from his study 

a guidelines for irrigation water quality and 

concluded that hazardous effect is visible when EC 

≥3.0dS m
-1

, and SAR ≥ 18. Also Gupta and Gupta 

(1987) concluded that water having EC 0.2 to 

1.5dS m
-1

and SAR 5-10 (mmol/l
1
)

1/2
 could safely 

be used on almost all the soils. These are all in 

support that the water at Kafin- chiri irrigation 

project does not at the moment constitutes any 

threat to health, environment and for irrigation. 
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