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Abstract 

The unpredictable pattern of rainfall coupled with population increase has encouraged 

farmers to cultivate more farmlands through irrigation to meet food demand. But the 

prevalence of soluble salts in water is a threatening factor for soil fertility as a result 

of an increase in soil salinity and sodicity causes land degradation due to the rise in 

soluble salts in water. This study evaluates salinity and sodicity from different 

irrigation water sources in areas of Yamaltu-Deba: Zambuk, Kunuwal and Yamautu 

east. Samples were collected from eight irrigation water sources in each selected area 

and analyzed for physicochemical, major cations (K+, Ca2+, Mg2+, and Na+) and anions 

(Cl-, HCO3-, CO3
2-, NO3

-, and SO4
2-). pH, electrical conductivity (EC) and temperature 

of water samples were measured in situ. pH, temperature, and alkalinity were in the 

ranges 5.2-7.4, 20.1-30.2oC and 4.0-58.0 mg/L, respectively were within FAO 

permissible limits for irrigation purposes, except pH in some samples. The cations ions 

except K+ were within acceptable limits in the studied samples. Nitrate was high in all 

water sources as a result of farming activities close to those water sources. The high 

concentration of K+ in the samples may attribute to the same EC, with values ranging 

from 8.33 to 480 μS/cm. The results imply that the content of water sources in these 

study areas is not at the level to cause drastic salinity and sodicity to the soil of the 

area even when used for irrigation and other farming activities.
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Introduction 

Water is the most important natural resource which forms about 80% constituent of the ecosystem (Sulaiman et al, 2018) [27], 

and It is essential for the survival of all living beings and plays an important role in our life (Adebo and Adetiyinbo, 2009) [1]. 

The water sources may be in the form of rivers, lakes, glaciers, rainwater and groundwater. It is essential for various activities 

and is the most valuable and vital resource for the sustenance of life and also for any developmental activity (Kumar et al., 2010; 

Sulaiman et al., 2018) [27]. Water resource sustainability largely depends onthe proper management and efficient utilization of 

agricultural water such as rain and irrigation farming (Fasakhodi et al. 2010) [12]. 

Irrigation water quality is a key environmental issue faced by the agricultural sector as well as it is very important for every 

agricultural use, passing through such activities as irrigation to livestock watering (Shainberg and Oster, 1978) [25]. As crop yield 

is directly related to the quality of water used for irrigation, an assessment of water sources' suitability for irrigation is essential 

for the growth of food production and poverty eradication. Previously, water quality concerns have often been neglected because 

good-quality water supplies have been plentiful and readily available (Islam and Shamsad 2009) [16]. However, salinity increase 

has been one of the major problems for traditional agricultural practices and the number of non-saline areas attacked by the 

salinity problem had increased within the last few decades and the agricultural production of those areas is also affected (Shammi 

et al., 2016) [26]. 
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Salinization and Sod citification of water sources are major 

processes of water degradation threatening both human and 

animal health, land productivity and global food security at 

large. They not only influence the physical and chemical 

characteristics of arable soils but also affect the biochemical 

and microbial properties of the soil, this, in turn, poses a great 

effect on the yield of crops (Rietz and Haynes, 2003) [23]. 

Anjum et al. (2005) [5] have reported a decrease in the yield 

of crops as a result of soil degradation from water salinization 

and sodification. The risk of salinization is defined as a 

measure of the probability and severity of the 

salinization/sodification due to human activities which 

adversely affect one or more soil functions. Tavakkoli et al. 

(2010) [28] acknowledged the fact that the presence of 

multiple factors contributes to subsoil constraints including 

salinity, sodicity and high chloride ion concentrations present 

in many rain-fed farming-bound areas.  

Several studies conducted in North-eastern Nigeria were 

mainly concentrated on the salinity and sodicity of the arable 

land around this region, little knowledge or research was 

carried out concerning these processes in water sources 

around the region (Daba and Qureshi, 2021) [7]. The effect of 

salt and sodium contents on the water sources is very 

important to ascertain the level of impact of these ions on 

water quality health and farming purposes. Therefore, this 

study aims to evaluate water salinity and sodicity parameters 

from Zambuk, Kunuwa and Yamautu east of Yamaltu-deba 

LGA of Gombe state for the main purpose of achieving water 

quality in these areas for maximum irrigation for crop 

production and utilization purposes. 

 

Materials and Methods 

Study Area 
Yamaltu-deba L.G.A occupies a land mass of 1,981km and is 

located 7km east of Gombe town with an approximate 

population of 255,726 (NPC, 2007) [20]. Areas under study 

within Yamaltu-Deba located at the latitude of 110 30N, 

longitude 100 20E and latitude of 24m above the sea level, 

the area received a total annual rainfall of about 760-1100mm 

per annum and temperature ranges between 240oC to 480oC. 

The area predominantly has two seasons; the rainy season 

commencing in April-October and the dry season from 

October-March. Sources of water for irrigation, agricultural 

and other domestic purposes in the study area include ponds, 

taps, streams, rivers, boreholes, shallow well, water pans, 

reservoirs and dams. 

 

Sample collection 

Sampling techniques based on Environmental Protection 

Agency. Samples were collected three times from a pond, tap, 

stream, river borehole, shallow well, water pan, and dam. A 

total of seventy-two (72) samples were collected for this 

study. The sampling bottles were washed with detergent and 

rinsed with tap water, and then soaked in 10% nitric acid and 

finally rinsed with deionised water (Akan et al., 2010) [2]. At 

each sampling points the bottles were rinsed thrice with water 

being sampled before samples were collected. Samples were 

filtered in the field using Sartorius polycarbonate filtering 

apparatus and 0.45μm cellulose acetate filter membranes. 

Each bottle was filled to the brim with the sample water and 

tightly sealed as early as possible to avoid exposure to air and 

labelled in a field book with a unique number and exact 

sampling location. The samples were kept in the ice box and 
transported to Gombe State University, Biochemistry laboratory 
and stored in the refrigerator at 4oC before analysis. 

 

Determination of chemical parameters  

The relative proportion of some cations that include Ca2+,K+, 

Mg2+ andNa+, were determined by Ionic chromatography 

methodology as described by APHA (1998) [3] while the 

relative proportion of some anions notably Cl-, HCO3
-, CO3

2-

, NO3
-,NO2

-and SO4
2-,as reported elsewhere (Fipps, 2004; 

Shahinasi and Kashuta, 2008) [13, 24]. 

 
Determination of Electrical conductivity (EC) and Sodium 

Absorption ratio (SAR) 

Electrical conductivity (EC) was determined using EC meter 

(Hanna HI8032) by the method described by APHA (1998) 
[3]. FAO (1985) described sodium hazard expressed as the 

Sodium Adsorption Ratio (SAR) and quantifies the 

proportions of concentration of sodium to that of calcium and 

magnesium and expressed as; 

 

SAR =
𝑁𝑎+

√1/2(𝐶𝑎2+ +Mg2+)
 

 

Statistical Analysis 

The data obtained were subjected to simple descriptive 

statistics (mean and standard deviation) and analysis of 

variance (ANOVA) was used to test for a significant 

difference in the mean of the salinity and sodicity parameters 

among the three study sites and Turkey's multiple 

comparisons with SPSS version 25 for a window. 

 

Results and Discussion 

Physico-chemical parameters 

The mean pH value ranges from 5.2-7.4 with an average of 

6.31.The highest pH was obtained from a borehole in yamaltu 

east while the lowest was from a stream in kunuwal in Figure 

1b. The pH of sampled waters in the study area was slightly 

acidic in some study samples. However the average pH (6.31) 

of water used for irrigation in the study area is less than the 

lower limits of both FAO standards, it will not have any 

significant effects on the soil's pH in the short term since soils 

are high buffer systems. The results in Figure 1abc showthe 

mean temperature ranges from 20.1 - 30.2OC with an average 

of 24.82OC. This revealed that all the temperatures of water 

sources fall within the FAO (5-30 oC) recommended 

temperature for irrigation. Alkalinity of water sources used 

for irrigation in the study area ranged from 4.0-58.0mg/Lwith 

an average of 17.83 mg/L (Figure 1abc). The highest 

alkalinity was obtained at yamaltu east borehole. This 

indicates that all the samples are within the FAO limit 

(200mg/L) and will have no significant effect on soils and 

plant growth in the study area.
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Fig 1: Physico-chemical properties of water samples from Zambuk, Kunuwa and Yamaltu east 

 

Concentrations of cations in the water sources  
Toxicity occurs of ions in irrigation water accumulate within 

the soil and or plant at concentrations that causes dent and 

decreased the yield of farm produce. This depends on the 

concentrations of ions present in water in the soil.Table 1 

present the mean concentration of cations in the selected 

areas of Yamaltu-deba local government area of Gombe state. 

The mean values of sodium ions found within these areas of 

Zambuk, Kunuwal and Yamaltu east showed a significant 

difference at p< 0.05, though water sources from Zambuk 

showed a higher concentration of the sodium ions with 

13.3±4.26 mg/L while Gwani with the least concentrations 

with 0.26±1.14 mg/L but falls within the lower range of safe 

limits. The amounts of Na+ in these areas provide a core basis 

for the utilization of water from the area for irrigation and 

other agricultural purposes as it did not exceed the 

permissible limit of 50mg/ L by FAO and proved no risk of 

sodification across the arable lands in these areas but a great 

risk deficiency with time. This agrees with the observations 

of Nata et al. (2009) [19] that until there is a prolonged use of 

modern farming inputs such as fertilizer then rise in Na+. 

Calcium ions are an essential element in determining the 

hardness of water, calcium ions were found to be higher in 

Zambuk with 49.74± 4.85 mg/L while the lowest mean value 

below the detectable limit was recordedin some samples from 

Zambuk, and yamaltu east. The mean values from the three 

sites of Zambuk, Kunuwal and Yamaltu east showed a 

significant difference at p< 0.05. The mean concentrations of 

calcium ions obtained in this study did not exceed the 

maximum permissible limit by FAO but were within the 

permissible range, which favours the use of water sources 

within the study area for crop production. It’s reported that 

calcium ionsdeficiency can affect plant growth (Weng et al., 

2022) [22]. 

The mean concentrations of Mg2+ and K+a showed a 

significant difference at p< 0.05 among the values obtained 

and were not above the permissible limit but fall within the 

range for good water quality for crop production but soil 

requirements for these ions have to be increased by other 

sources such as the used manure. The highest concentration 

for Mg2+ and K+were 5.97±1.88 mg/L for Kunuwal and 

5.97±4.52 mg/L for Zambuk, respectively. The lowest mean 

concentration of Mg2+ and K+were0.80mg/L and 0.46mg/L 

obtained from Zambuk and Kunuwal, respectively. It’s 

reported that a deficiency of Mg2+ causes acidic soils which 

might lead to low levels of essential plant nutrients such as 

phosphorus and molybdenum. This result obtained in this 

agrees with the reports of Gupta (2005) [14] that rise in sodium 

ions above calcium and potassium ions can cause the 

replacement of these ions thus affecting soil permeability and 

texture. The cation trend in water samples of the study area 

were K+ > Na+ > Ca2+ > Mg2+.

 
Table 1: Mean Concentrations of cations (mg/L) in water samples from Zambuk, Kunuwa and Yamaltu east 

 

Z
a

m
b

u
k

 s
a
m

p
le

s 

Water sources Na+ Ca2+ Mg2+ K+ 

Pond 13.30 1.84 1.98 17.20 

Tap 9.06 0.79 2.12 6.47 

Stream 0.69 1.32 4.21 3.96 

River 4.99 49.74 5.53 9.74 

Borehole 9.51 BDL 0.80 5.48 

Shallow well 2.16 1.32 3.52 3.12 

Water pan 5.22 0.26 3.51 4.81 

Dam 3.26 8.16 4.90 6.49 
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K
u

n
u

w
a

l 
sa

m
p

le
s 

Pond 3.68 3.16 5.97 3.16 

Tap 3.98 0.49 5.28 0.46 

Stream 9.18 7.06 1.59 7.06 

River 8.90 3.25 3.64 3.50 

Borehole 0.26 2.06 5.23 2.06 

Shallow well 2.98 3.85 3.60 3.85 

Water pan 7.94 6.59 3.73 6.59 

Dam 7.20 5.64 1.99 5.64 

Y
a

m
a
lt

u
 e

a
st

 s
a

m
p

le
s Pond 4.80 2.37 4.37 10.47 

Tap 6.91 2.37 4.37 3.91 

Stream 4.58 BDL 4.08 4.79 

River 4.01 BDL 1.92 4.29 

Borehole 4.92 4.47 5.28 4.92 

Shallow well 6.67 11.84 5.21 6.67 

Water pan 4.35 BDL 0.60 4.35 

Dam 3.99 BDL 1.92 3.99 

 FAO 50.00 120.00 50. 00 2.00 

 

Concentrations of anions in the water sources  
Table 2 present the results ofanions obtained from Zambuk, 

Kunuwal and Yamaltu east. The concentrations of Cl- show 

any significant difference p< 0.05 within sampling sites. 

Yamaltu east with 33.33 mg/L has the highest followed by 

8.33mg/Lin the pondwhereas5.56mg/Lin Tap from Zambuk 

and lowest was recorded in the river, borehole and water pan 

from Zambuk, Kunuwal and Yamaltu east, respectively. The 

lowest chloride ions are anions effective in the formation of 

saline soils and are highly water soluble and thereby possess 

severe toxicity (Banderi et al., 2012) [6]. These anions cannot 

be precipitated at concentrations usually present in water but 

are readily transported through plants' roots and conveyed to 

the leaves where they accumulate (DWAF, 1996) [9]. These 

values are extremely below FAO (1985), this result is in 

agreement with khan et al (2013) [17] and therefore cannot 

cause toxicity to arable soils and injury to plants. The mean 

concentrations of bicarbonates in water samples across these 

sites showed no significant difference p< 0.05 between 

Zambuk, Kunuwal and Yamaltu east. The highest range for 

HCO3 is from Kunuwal with a value of 106.75mg/L while the 

lowest is 3.05mg/L from Yamalltu east with the lowest. 

The results show that all the water sources have bicarbonate 

levels lower than the FAO (150 mg/L) upper limit but below 

the mid value of FAO (1985) permissible level. The low 

bicarbonate content of all the water samples accounted for the 

low alkalinity and pH levels in the study area and this 

indicates that bicarbonate levels from these areas are 

favourable for use by farmers for irrigation purposes. Nitrate 

(NO3
-) mean concentration varied within the study area and 

ranged between 5-30 mg/L safety range, the highest was 

42.70mg/L from Kunuwal and the lowest was 

4.65fromZambuk. There was a significant difference p< 0.05 

between Zambuk, Kunwal and Yalmatu eat. The higher 

values of Nitrate at Kunuwa for the river (42.70 mg/L) and 

dam (36.81 mg/L), were above the limit (30 mg/L) for 

irrigation and other farming activities (FAO, 1985). USEPA 

(1999) [29] reported groundwater contamination by nitrate is a 

result of agricultural practices in most cases fertilizer or 

manure applications on farms. There was a significant 

difference p< 0.05 between the mean values of nitrite. 

Dikeogu et al. (2021) [8] reported several control measures 

against a rise in permissible limits of anions in the 

groundwater such as leaching, reduced evaporation and 

improved drainage systems effectively utilized for irrigation 

purposes. Sulfate (SO4
-) showed a significant difference of 

p<0.05 among mean values from the study sites but mean 

values showed variations with the highest concentrations of 

9.26mg/L from Kunuwal, and the lowest value of 2.19 mg/L 

from Zambuk. Sulphate is a major anion in many water 

sources. Its toxicity is not much of a problem; however, 

extremely high concentrations may interfere with the uptake 

of other nutrients by the plant. However, the permissible limit 

by FAO (1985) of 0-20mg/L is considered safe indicating that 

the water samples concerning sulphate are safe for irrigation 

purposes without restriction.

 
Table 2: Mean Concentrations of anions (mg/L)in water samples from Zambuk, Kunuwa and Yamaltu east 

 

Z
a

m
b

u
k

 s
a
m

p
le

s 

Water sources Cl- HCO3 CO3 NO3 SO4 

Pond 1.67 30.50 BDL 6.36 2.71 

Tap 5.56 36.6 BDL 15.64 5.66 

Stream 2.22 27.45 BDL 5.01 2.19 

River 1.67 76.25 BDL 4.65 7.46 

Borehole 2.78 15.25 BDL 11.50 4.79 

Shallow well 2.78 15.25 BDL 4.52 3.52 

Water pan 3.33 54.90 BDL 4.88 2.61 

Dam 2.22 45.75 BDL 8.26 6.49 

K
u

n
u

w
a

l 
sa

m
p

le
s 

Pond 8.33 143.35 BDL 25.69 9.26 

Tap 2.78 106.75 BDL 26.81 4.37 

Stream 2.78 39.65 BDL 22.40 3.50 

River 6.11 42.70 BDL 42.70 7.35 

Borehole 1.67 36.60 BDL 30.39 4.72 

Shallow well 2.22 61.00 BDL 24.57 2.87 

Water pan 3.33 6.10 BDL 24.49 4.05 

Dam 3.89 140.3 BDL 36.81 8.35 
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Y
a

m
a
lt

u
 e

a
st

 s
a

m
p

le
s Pond 33.33 42.7 BDL 26.66 3.24 

Tap 6.11 6.10 BDL 20.69 4.90 

Stream 1.67 36.6 BDL 18.60 2.83 

River 2.22 30.50 BDL 30.09 2.88 

Borehole 1.67 103.7 BDL 16.36 2.54 

Shallow well 2.22 91.50 BDL 15.31 2.30 

Water pan 1.67 3.05 BDL 24.57 4.38 

Dam 2.78 36.60 BDL 34.04 6.82 

 FAO 350.00 150.00 3.00 30.00 20.00 

 

Assessment of salinity hazards or restriction on the use of 

water sources  
Salinity hazard is used to determine the concentration of salts 

in water and the risks it causes to the soil when used for 

irrigation. EC is a measure of salt concentration in water in 

the form of ions (Laluraj et al., 2005) [18]. Water with high EC 

or TDS is detrimental to plants and causes soil degradation 

and therefore must be controlled. The EC value of irrigation 

water sources ranges from 202.00 to 777.00 μS/cm in 

Zambuk with a mean of 293.725 μS/cm (Islam and Shamsad, 

2009) [16] falls within the irrigation water quality standard 

‘excellent to good’. The EC value of irrigation water sources 

ranges from 8.33 to 861 μS/cm in Kunuwal with a mean of 

240.016 μS/cm (Table 3). The EC value of irrigation water 

sources ranges from 76.7 to 480 μS/cm in Yamaltu east with 

a mean concentration of 212.5125 μS/cm. The EC is less than 

700 μS/cm signifies none or less salinity.

 
Table 3: Electrical Conductivity (μS/cm) as measured on the Field 

 

   Salinity degree of restriction 

     EC (μS/cm)  

    < 0 – 700 700– 3000 > 3000 

Water sources Zambuk Kunuwal Yamaltu east None Slight/moderate Severe 

Pond 124.6 298 226.4    

Tap 355 121.2 127.6    

Stream 777 165.7 131.5    

River 173.8 8.33 76.7    

Borehole 124.4 861 480    

Shallow well 202 200.1 444    

Water pan 358 129.1 125    

 

Assessment of sodicity hazards in water sources  
Irrigation water with sodicity hazard implies sodium 

replacing calcium and magnesium in the soil through the 

cation exchange process when used for irrigation eventually 

damaging soil permeability and structure (Gupta, 2005) [15]. 

The values of SAR for irrigation water in the study area range 

from 0.29 to 1.35meq/L with an average of 0.86 meq/L in 

Table 4. The maximum and minimum values occurred for 

streams at Kahuguni and Gatitu respectively. The SAR values 

for all the samples are below FAO limits and therefore may 

not cause any sodicity hazards to the soil or plant when used 

for irrigation. The low level of SAR is a result of the 

dominant levels of calcium in all the water samples. 

 
Table 4: SAR values (meq/L) of water samples from Zambuk, 

Kunuwa and Yamaltu east 
 

Parameters Zambuk Kunuwal Yamaltu east 

Pond 0.13 0.14 0.12 

Tap 0.11 0.13 0.15 

Stream 0.14 0.1 0.09 

River 0.12 0.13 0.11 

Borehole 0.13 0.1 0.09 

Shallow well 0.09 0.13 0.15 

Water pan 0.09 0.11 0.16 

 

Conclusion 

The presence of different metal ions notably sodium, 

magnesium, calcium and potassium and their salts in higher 

concentrations in water aid the process of salinization and 

sodification that results in soil deterioration, especially if 

control or management methods are not practised. In this 

research, results have shown that the limits of these ions in 

water samples collected from different sources are not in a 

large concentration to cause salinization nor sodification but 

the rise in Na+ ions and its salts above Ca2+ and Mg2+ can lead 

to salinity and sodicity if not checked and these may be due 

to some factors low organic matter decomposition, the effect 

of leaching, government policies on farming, adequate 

drainage system and biotic factors. Thus, water samples from 

Zanbuk, Kunuwal and Yamaltu east of Yamaltu-deba LGA 

present a choice for selection of water for irrigation and other 

agricultural purposes as the ion content can add up to the 

normal limit of the soil and cannot exceed the maximum 

permissible limit to be toxic to plants. Other ions with values 

less than the minimum permissible limits can be remedied by 

soil water quality improvement practices. 
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