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Abstract 
A study was conducted to evaluate the water and soil quality in Bayara 

irrigation sites in Bauchi state, Nigeria. Soil samples were collected from 

six different points augered at 0-15cm and 15-30cm depths of the soils. The 

water samples were collected from five different points. The soil samples 

were analyzed for the particle size, pH, Organic carbon, Total Nitrogen, 

available Phosphorus, Exchangeable bases (Ca,Mg, K and Na.), and 

micronutrients level ( Zn, Fe, Mn and Cu). While the water samples were 

analyzed for pH, Exchangeable bases (Ca, Mg, K and Na.) Electrical 

conductivity, Total dissolved sodium (TDS) exchangeable sodium 

percentage (ESP) and Sodium adsorption ratio (SAR). All the soils were 

found to range from sandy to sandy loam with sand dominating the soil 

separates. Organic carbon, total nitrogen and available phosphorus were 

found low. While exchangeable base fall within medium rating. Micro 

nutrients contents were also found medium in content and the pH of the soils 

range from slightly acidic to neutral. The water samples were found to 

contain low SAR (2.3328), normal ESP (18.7%), low electrical conductivity 

(166.7), low to medium TDS (135.8) and bicarbonate low (2.5) Medium 

exchangeable bases and neutral PH. Based on the result obtained from the 

laboratory analysis, the study showed that irrigation water and soil of the 

study area were found to be of good quality with respect to universally 
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acceptable limits. Therefore, they are safe for irrigation without any 

probable salinity and alkalinity problem development. However, the low 

nutrient (N.P. and K) content of the soil samples are hereby recommended 

for organic matter addition and/or organic manure incorporation for better 

crop production. 

 
 

 

Introduction 
Soil and water are two key resources 

that life in its entirety can be said to 

depend on. The knowledge of soil and 

water qualities for irrigation and any 

other agricultural use is imperative 

because it helps the farmers to know 

the fertility status of their farm lands 

and the kind(s) of crop to be grown. 

This knowledge will equally help 

farmers to apply the most appropriate 

management technique that will boost 

their agricultural activities to fight 

against food insecurity. Over the years 

farmers practicing irrigation farming 

complained repeatedly of declining 

crop yield presumably due to 

deterioration in soil and water 

qualities. 

Saline irrigation water contains 

dissolved substances known as salt in 

most of the tropical regions and most 

salts present in irrigation water are 

chloride, sulphate, carbonate and 

bicarbonates of calcium and 

magnesium, sodium and potassium. 

Salinity can also negatively affect 

plant growth and yield (Krista, 2003). 

Irrigation with water that has excess 

amount of sodium can actually impact 

soil structure making plant growth 

difficult, high saline and sodic water 

quality can cause problem for 

irrigation depending on the type of 

soil being irrigated, the specific plant  

species and growth stage and the 

amount of water able to pass through 

the root zone. 

Salt affected soil develops from a 

wide range of factors including soil 

type, field slope and drainage, 

irrigation systems, type and 

management, fertilizer and manuring 

practices. The most critical factor in 

predicting managing and reducing 

affected soils is the quality of 

irrigation water being used (FAO 

2014).  

 

Problem Statement 

Over the years farmers practicing 

irrigation farming complained 

repeatedly of declining crop yield 

presumably due to deterioration in soil 

and water qualities. 
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According to FAO (2010) about 80 million hectares of world’s irrigated lands 

suffer from salinity development often due to faulty irrigation. A number of soil 

properties are adversely affected consequently to salinity/sodicity development 

that include structural destruction leading to decreased infiltration, permeability 

as well as well as aeration. Soil fertility deterioration and reduction in overall 

productivity under saline condition, nutrient toxicity and imbalance, increased 

osmotic potential are common problem to plant (Berntein 1977). 

Salinity becomes a problem when enough salts accumulates in the root zone to 

negatively affect plant growth, excess salt in the root zone hinder plant root 

from withdrawing water from surrounding soil (Krista et, al, 2003). 

Having critically examined the importance of the qualities of these two key 

resources (soil and water) in agricultural production, it is imperative that we 

ensure that they are of good quality before we use them. This will ensure higher 

yields of our crops and also reduce production costs which will translate to more 

profit for the farmer(s) 

 

Objectives of the Study 

i). To determine the salinity level of the soil. 

ii) To determine the salinity level of water. 

iii) To proffer possible solution(s) if any case prevails. 

 

MATERIALS AND METHODS 

Location of  Experimental Site 

The study was conducted on fadama soils of  Bayara area of Bauchi State. 

Bauchi state is located in the northern guinea savanna zone of Nigeria on 

latitude 10⁰ N and longitude 9⁰ SE at an elevation of 609.5m above the sea level. 

The mean maximum temperature is 35⁰C and the minimum temperature is 18⁰C 

respectively. The mean annual rainfall is 1025mm/annum (BSFC 2016).The 

rain spans for 5 months from May-September to early October,with distinct 

seven months of dry season from October to April. The Area fall within the 

upper fringe of Northern Guinea Savanna ecological zone (Kaay, 1989).The 

vegetation is that of mosaic woodland and shrubs with areas of cultivated 

parkland. The native vegetation has been considerably affected by common 

activities such as land clearing for farming purposes, buildings animal grazing 

and bush burning.(Kaay, 1989). 
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Soil survey 

A reconnaissance soil survey was conducted in the area to be studied after which 

the sites were chosen for locating the augering points and profile pits. 

 

Laboratory analysis 

The soil samples were obtained using soil auger to the depth of 0-15cm and 15- 

30cm, after which the soil sample from each representative depth was collected, 

separately in polythene bag for laboratory analysis. 

 

Particle size distribution 

Particle size distribution was determined using the hydrometer method as 

described by (Day 1965) 

 

Soil pH 

The soil pH was determined potentiometrically in 1:1 ratio of soil to water and 

1:2, 0.01m calcium chloride solution using the glass electrode of a pH meter as 

described by Page et, al. (1982). 

 

Organic Carbon 

Organic carbon was determined by Walkey and Black wet oxidation method 

(Allison 1965) using potassium dichromate (K2C2O7) together with 

concentrated sulphuric acid to increase the temperature and spreed up the 

reaction. 

 

Total Nitrogen 

Total nitrogen was determined using the micro Kyeldhal method (Bremmer 

1965) this involve the use of salicylic acid – thiosulphate digestion method 

followed by distillation. 

 

Available Phosphorus  

Available phosphorus was determined using the bray-1 method and determined 

by ammonium moleybdate-blue method (Bray and Kuryz 1945) 

 

Exchangeable Cation 

The exchangeable cation Calcium (Ca) Magnesium (Mg) Potassium (K) and 

Sodium (Na) were extracted with Ammonium Acetate. Calcium and 
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Magnesium were determined by Atomic absorption spectrophotometry (AAS) 

and Potassium and sodium by flame photometry as describe by Agbema (1995) 

 

Base saturation 

The percentage base saturation was calculated by dividing the sum of 

exchangeable base (Ca, Mg, K and Na) by the Cation exchange capacity 

(C.E.C) and multiplied by 100. 

 

Extractable micro nutrient (Fe, Mn, Zn, and Cu) 

The micro nutrient Fe, Mn, Zn, and Cu, were extracted using hydrochloric acid 

(Hcl) 2g of soil was shaken with 20ml of solution for 30 minutes and filtered. 

The determination of these micro nutrients was performed in undiluted extracts 

with atomic absorption spectrophotometer (AAS). 

 

Water analysis 

The water samples were analyzed using procedure as described by Chopra 

(1999). Total dissolve salts (TDS) were determined by evaporation, drying 

method. 

The pH and EC were read at 250c on pH meter and conductivity meter 

respectively calcium and magnesium were estimated by EDTA titration method 

while K and Na by flame photometry, carbonate and bicarbonate were obtained 

by volumetric titration method.   

 

Statistical Analysis 

All the results obtained were subjected to simple statistical analysis (Range, 

mean, C.V %)  

 

Result and Discussion 

Practical size analysis  

Result of some physico – chemical properties of soils are presented in table (1) 

It revealed that the sand fraction dominated the soil separates in all the five 

points with the mean value of 67.6.It was also observed that the sand fraction 

decreased with increase in depth. The reason could be attributed to the nature 

of the parent material as reported by FitzPatrick (1986) that basement complex 

rocks are made of granitic gneisses which usually produce coarse parent 

materials with high proportions of quartz. Odunze (1980) on the other hand 
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reported the same trend of occurrence particularly in Savanna soils which is 

attributed to the nature of the parent materials. 

The distribution of clay and silt soils was found to be irregular at all the five 

points. The soil textural class for the five points was sandy loam. 

Table 2 Shows the chemical properties of the soil of the study area. PH (in water) 

of the soils showed mean values at five points of 7.188 and 6.3 respectively. 

The soils are interpreted as slightly acidic though as the PH tend to be lower than 

the sub-surface horizons. This could be attributed to the amount of organic 

matter content and the rainfall which release H+ (Hydrogen ion) to the soil than 

the sub-soil horizons added with the removal of basic cations by crops and 

leaching down of the bases by runoff  (Haruna, 2009) 

Organic Carbon Content was fund to be generally low. This could be due to 

intensive agriculture crop production practices in which the soils are over used 

leading to the depletion in the plant nutrients (Mustapha et al. 2007, Voncir 

et,al. 2008 and Haruna 2009). 

Total nitrogen content of the soils were generally low (Esu,1999) with values 

having an irregular distribution within the different five points. The low values 

could also be attributed to crop removal and sparse natural vegetation cover 

(Kparmwang and Malgwi 1997). 

The Nitrogen content in 0-15cm and 15-30cm tend to decrease with depth, the 

reason could be due to the organic content and continues cropping without 

replacement of the same  

Available phosphorus content was also rated low. The reason for observed trend 

could be due to the prevalent soil management practices which encourage the 

export of nutrients in harvested crops without adequate replacement and the 

predominantly coarse texture of the soils which have low phosphorus buffer 

capacity (Voncir 2002, Haruna 2009).  

This result is in conformity with the findings of Ipimidun (1972) and Kawal and 

Kassam (1978) who reported extremely low values of available phosphorus in 

Nigeria Savanna soils. 

Table 3 shows the result of exchangeable bases Calcium (Ca), Magnesium 

(Mg), Potassium (K) and Sodium (Na). From this results, it could be deduced 

that with the exception of potassium cation all the rest of the exchangeable 

cations (Ca, Mg, Na) fall within medium rating. The moderate exchangeable 

calcium content could be due to the appreciable amount of this nutrient element 

in the soil parent material. 
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Table 4 Shows the different micro nutrients level, the manganese content falls 

within medium ranging. The extractable iron content mean value obtained was 

low with a high C.V value of 236. The extractable zinc fall within medium 

category in the values ranging from 0.25-2.84 of the soil samples. The 

extractable copper range from 3.95-12.66 and mean value of 0.59 with moderate 

variation. 

Table 5 shows the water pH ranging from 5.18 to 8.47 with the mean of 6.898 

it is within the acceptable limit according to the guideline for interpretations of 

water quality for irrigation. This value of water is within the acceptable limit 

which will not have any adverse effect to the crops and also favour good 

growing condition for the crops. 

Bicarbonate contents of the irrigation water ranged from low to moderate which 

indicates that the quality of irrigation water in Bayara is with respect to soluble 

salts moderate in quality for irrigation purposes.   

Electrical conductivity (EC) value of the water and soil were less than the 

critical limit of 4ds/m necessary to classify the water as saline. The irrigation 

water studied was classified as low salinity water which is none hazardous to 

use for irrigation. 

The result of TDS accordingly revealed that the water from various sources of 

the area range from 56-302 which fall within low and medium salinity limits 

they appear free from salinity/sodicity problems and safe for irrigation. 

Table 6 shows the results of exchangeable bases Calcium (Ca) Magnesium (Mg) 

Potassium (K) and Sodium (Na) the mean values were 1.8, 0.875, 0.8 and 0.432 

Cmol (+) kg-1 respectively for the various samples. From the results, it can be 

deduced that calcium content is low, magnesium high, Potassium low and 

sodium high in rating. However the distribution was irregular, the moderate 

exchangeable calcium content could be due the appreciable amount of this 

nutrient element in the water. This agrees with the findings of Faniran and 

Areola (1978)where they reported that bases that accumulate in the soils of dry 

regions originated from either parent material by saline water or from rain 

water. The result of SAR shows that is low sodium water, accordingly the water 

from various sources of the area can be placed in low sodium water category, 

they appear free from salinity/Sodicity problems and safe for irrigation purpose. 

The result of exchangeable sodium percentage(ESP) were normal within the 

recommended limit, Water sample have the value that ranges from 0.697 to 

0.910 with a mean of 18.7  
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Table 1: Particles size distribution of soils 

S/N Description of sample Sand Silt  Clay 

  - % - 

1 Point 1  56.40 29.28 14.32 

2 Point 2  72.40 13.28 14.32 

3 Point 3  74.40 9.28 16.32 

4 Point 4  78.40 9.28 12.32 

5 Pont 5  56.40 25.28 12.32 

 Range 56.40 – 78.40 9.28 – 29.28 12.32 – 18.32 

 Mean  67.6 17.28 15.12 

 C.V % 720.68 204.44 793.70 

 

 

Table 2: Soil PH, Organic carbon, Total nitrogen and available phosphorus 

S/N Description of 

sample 

Phw Phc Org.C T/N Available 

P 

  (1:1) (1:2) % % Mgkg-1 

1 Point 1 8.80 7.25 0.99 0.10 12.14 

2 2 7.83 6.66 0.55 0.07 6.11 

3 3 6.16 5.21 0.59 0.09 5.29 

4 4 6.83 5.60 0.12 0.04 4.93 

5 5 6.32 5.38 1.92 0.20 18.96 

 Range  6.16-

8.80 

5.2-

7.25 

0.12-

1.92 

0.04-

0.20 

4.93-18.9 

 Mean 7.188 6.3 4.17 0.1 9.486 

 C.V % 936 835.8 115.9 326.16 116.751 

 

Table 3: Exchangeable bases ion (Ca, Mg, K, and Na) 

S/No Description of 

sample 

Ca Mg K Na 

 Point cmol (+) 

Kg- 1 

Cmol(+)kg-

1 

 

cmol (+) 

Kg- 1 

cmol (+) 

Kg- 1 

1 1 3.25 0.98 0.30 0.12 

2 2 2.04 0.53 0.19 0.19 
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3 3 2.45 0.71 0.22 0.16 

4 4 1.95 0.43 0.16 0.20 

5 5 4.29 1.35 0.37 0.10 

 Range 1.95-4.29 0.43-1.35 0.16-0.37 0.10-0.20 

 Mean 2.79 0.80 0.25 0.15 

 C.V % 317.05 240.60 325.52 385.604 

 

Table 4: Micro nutrient (Zn, Cu, Fe, Mn) 

S/N Description of sample Zn Cu Fe Mn 

 Point  Mg/kg-1   

1 1 1.72 1.06 4.29 3.13 

2 2 0.31 0.24 8.96 6.21 

3 3 0.25 0.13 10.11 7.06 

4 4 0.29 0.18 2.66 9.75 

5 5 2.89 1.35 3.95 2.70 

 Range 0.25-2.84 0.13-1.35 3.95-12.66 2.70-9.75 

 Mean 1.088 0.592 7.994 5.77 

 C.V% 99.798 123.59 236.23 220.988 

 

Table 5: PH, Bicarbonate, EC and TDS of water samples 

S/N Description of Sample pH Hco3 EC TDS 

 Point     

1 1 6.84 1.45 300 302 

2 2 8.47 5.68 100 79 

3 3 6.75 1.30 200 161 

4 4 7.56 1.25 100 56 

5 5 6.59 1.35 100 82 

6 6 5.18 3.86 200 135 

 Range 5.18-8.47 1.25-5.68 100-300 56-302 

 Mean 6.898 2.5 166.7 135.8 

 C.V% 692.6 145.3 223.8 164.8 

 

Table 6: Exchangeable bases (Ca++, Mg++, K+ Na+), SAR and ESP 

S/N Description of 

sample 

Ca++ Mg++ K+ Na+ SAR ESP 

 Point        

1 1 3.96 1.25 0.13 0.45 0.2788 8.64 

2 2 2.65 0.98 1.06 0.76 0.564 20.94 
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3 3 0.86 0.75 1.12 0.53 0.591 32.919 

4 4 1.93 1.06 1.17 0.38 0.310 12.769 

5 5 0.73 0.63 0.45 0.14 0.1697 10.294 

6 6 0.66 0.58 0.72 0.33 0.4193 26.613 

 Range 0.66-

3.9 

0.06-

1.25 

0.13-

1.17 

0.14-

0.76 

0.1697-

0.310 

8.64-

32.919 

 Mean 1.8 0.875 0.8 0.432 2.3328 18.7 

 C.V% 60.8 360 216.22 2.82 153.5 209.64 

 

CONCLUSION AND RECOMMENDATION 

Based on the result obtained from the laboratory analysis, the study showed that 

irrigation water and soil of the studied site was found to be good quality with 

respect to universally acceptable limit. They are therefore safe for irrigation 

without any probable salinity and alkalinity problem development. 

Furthermore, the result clearly revealed that the water and soil are considered 

suitable for irrigation. 

However, the soils of the irrigation sites are low in Nitrogen, phosphorus and 

organic carbon content with medium levels of micro nutrient (Zn, Cu, Mn, Fe) 

It is however recommended that farmers should adopt the habit of applying 

organic matter on their fields in order to avert the low fertility issue of the 

irrigation site. 
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