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1.0  Introduction 

Groundwater is a crucial source which mollifies the key water 

demands. It has been under excessive stress vis-à-vis quality and 

quantity due to unrestrained withdrawal and unsuitable 

management, especially in urban clusters and rural areas where 

problems of indiscriminate disposure of refuses are common [1]. 

The exploration of groundwater and climate variation in recent years 

have led to fast-tracked depletion of groundwater levels as well as 

decline in quality, especially in shallow aquifers [2, 3]. 

Groundwater quality is as imperative as its quantity, and therefore 

it is vital to consider in depth the universal approach towards its 

management [4]. Groundwater is suitable for different purposes 

and relatively susceptible to contamination from geochemical 

reactions in the aquifers and soils and when it is recharged through 

an improper channel [5]. The physiochemical characteristics of 

groundwater is therefore, extremely dependent on anthropogenic 

activities like agriculture, mining, urban settlements as well as 

natural processes like rock–water interaction, geological 

formations, and aerobic or anaerobic conditions of the aquifers [3, 

6, 7].  

There is need for continual monitoring of the groundwater 

quality to ascertain its suitability for irrigation, since there are  

 

 

continual climate variations and human induced-contaminant 

generating activities. This continual monitoring will help in 

decision making for water management [8].  

Irrigation of agricultural land account for over 70% of the total 

freshwater on the globe [9]. Since there are higher chances of 

alteration of the quality of water from various sources, the fitness 

of groundwater for irrigation which also depends on the mineral 

elements in the water that influences both plants and the soil has 

to be checked regularly [10]. The major problems of irrigation 

water are salinity, sodicity and ion toxicity [11]. Excess of salts 

distresses the growth of plants by altering their uptake power due to 

complex changes provoked out of the processes of osmosis [5]. 

Some of the hazards that may impair crop growth and should be 

monitored in addition to the cations and anions in irrigation water 

are permeability index (PI), Sodium adsorption ratio (SAR), Kelly 

Index (KI), residual sodium carbon (RSC), Corrosivity ratio (CR), 

and Magnesium adsorption ratio (MAR) [5, 12, 13].  

The quality of groundwater of Nukkai flood plain has not been 

determined but it is being consumed by occupants of the nearby 

community and is used for irrigation of vegetables. This study 

therefore, analyzed the physiochemical parameters of the 
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ABSTRACT 
Agricultural irrigation accounts for 70% of the total fresh water in the world. However, 

inconsistences in the monitoring of the sources of water for irrigation can impair the crops’ life 

and productivity. The research therefore, assessed the groundwater source and quality of 

Nukkai flood-plane for irrigation purpose in Jalingo LGA, Taraba state. Physiochemical 

analyses were done using the standard method. The results indicated that the anions and the 

cations were averagely in the following order; Mg2+ > Ca2+ > Fe2+ > Na+ > K+ > Zn+ > Cu2+ > Pb+ 

and HCO3
- > PO3

2- > Cl- > NO3
2- > SO4

2- > CO3
2- > NO2

- > Mn2- respectively. These values falls 

within acceptable limit for irrigation water quality requirements. All the irrigation indices (IR) 

indicated that the groundwater within the area is suitable for irrigation. The results were as 

follows: SAR (5.71 meq/l), RSC (1.61 meq/l), PI (60%), KI (0.09), PS (7.54%) and MAR 

(49.25%). The Corrosion index (CI) was computed to be 1.07. Meanwhile, Wilcox plot showed 

that the percentage sodium and Electrical Conductivity (EC) relationship falls within Excellent-

to-good and Gibb’s diagram indicated that the source is rock dominance. The groundwater from 

the research region is good for irrigation but cannot be transmitted through metal pipes due to 

its corrosivity index. 
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groundwater in Nukkai flood plain in Jalingo LGA of Taraba state 

irrigation purposes.  

The quality of groundwater of Nukkai flood plane has not 

been determined but it is being consumed by occupants of the 

nearby community and is used for irrigation of vegetables. This 

study therefore, analyzed the physiochemical parameters of the 

groundwater in Nukkai flood plain, Jalingo LGA of Taraba state 

irrigation purposes. 

 

2.0 Materials and Methods 

2.1  Area of Study 

Nukkai flood plain is located in Jalingo local government 

area of Taraba State on latitude 8o 47’ to 9o 01’N and longitude 

11o09’ to 11o30’E.  It has approximately 20 hectares of farm 

where irrigation farming is practiced [14]. The hectares of the 

irrigated farm land lie immediately after the bridge along 

Jalingo-Wukari main road as shown on Figure 1. 
 

2.2 Sample Collection  

There are ten (10) functional tube wells within the study area 

from where water samples were collected as indicated on Figure 2 

at the hydrant labelled P1, P2, P3, to P10 in hard two litres glass bottles, 

which were pre-cleaned carefully with non-ionic detergent, rinsed 

with tap water and left to dry for 30 minutes. The labelled samples 

were transported to Adamawa State Water Board laboratory and 

stored in a refrigerator at room temperature prior to carrying out the 

physiochemical analysis.  

 

 

 

 

 
Figure 1: Scaled Map of Nukkai Flood plain in Jalingo LGA of Taraba State [14]. 
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Figure 2. Google Map of the Nukkai flood plain showing sample collection points 

 

2.3  Sample Analysis 

All the test carried out were based on standard [15]. 

Temperature and PH were measured using handheld 

PH/Temperature-meter model CT6021 EXACT instrument, total 

dissolved solid (TDS) Mg/l with a handheld TDS meter model 

CT306 EXACT, and electrical conductivity (EC) in Ms/Cm using 

handheld conductivity meter model CT3030 EXACT. A handheld 

turbidity meter (HACH model 2100Q HACH) was used to test for 

the turbidity in (NTU). Total Hardness (TH), Carbonate and 

Bicarbonate in mg/l were determined by EDTA titration using 

HACH digital titrator model 16900. All the other major cations and 

anions were tested using HACH digital spectrophotometer model 

DR3900 while Coliform was by count-membranes filtration 

method, among others. 

 

2.4 Irrigation Indices  

2.4.1 Sodium Adsorption Ratio (SAR) 

SAR is the measure of the tendency of sodium ion (Na+) 

accumulating in the soil at the expense of calcium ion (Ca2+) and 

Magnesium ion (Mg2+) resulting from alkaline water being used for 

irrigation. It influences infiltration rate. The SAR for irrigation 

water is classified as thus; <10 (excellent), 10-18 (good), 18-26 

(doubtful) and >26 (not recommended) [5, 16]. In this research, the 

SAR was determined using Equation 1. 

𝑆𝐴𝑅 =
𝑁𝑎+

√𝐶𝑎2++𝑀𝑔2+

2

    (1) 

2.4.2 Residual Sodium Carbonate (RSC) 

This is another index to examine the suitability of water for 

irrigation. RSC assess the amount of carbonate (CO3
2−) and 

bicarbonates (HCO3
−) ions present in the water whether it exceed 

Ca2+ and Mg2+ ions concentration [1, 17]. On the basis of sodium 

hazard in irrigation water, RSC is classified thus; 0 ≤ RSC < 1.25 

(suitable), 1.25 ≤ RSC ≤ 2.5 (moderate), > 2.5 (high) and > 5 (not 

recommended for use) [5]. RSC was calculated using Equation 2.  

RSC = (HCO3
− + CO3

2−) − (Ca2+ + Mg2+) (2) 

2.4.3 Permeability Index (PI) 

This is an indicator suitability of water for irrigation 

purpose. Permeability of water in the soil is determined by the 

amount of Na+, Ca2+, Mg2+ and HCO3- ions present. In 1964, 

Doneen classified permeability index into three categories; class 

I (> 70%) is excellent, class II (25 to 70% is good) and class III 

(< 25% is unacceptable). Equation 3 was used to estimate the 

PI [18, 19]. 

PI =
Na++√HCO3

−

Ca2++Mg2++Na+     (3) 

2.4.4 Kelly’s Index (KI) 

Kelly index is one of the indices used to classify irrigation 

water. When the value KI is <1 (accepted) and when it is >1, it is 

unacceptable. Equation 4 was used to determine the Kelly’s index 

(KI) [20]. 

KI =
Na+

Ca2++Mg2+     (4) 
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2.4.5 Percentage Sodium (PS) 

In classification of water irrigation, the investigation of 

percentage sodium is of paramount importance. When the 

concentration Na+ ion is high in irrigation water, the ions incline in 

the direction of clay particles which makes chemical bonding with 

soil to reduce water movement in the soil [21]. % Na was determined 

using Equation 5. 

%Na =
Na+

Ca2++Mg2++Na++K+ × 100   (5) 

Irrigation water classification based on the % Na as reported in 

2009 by Khodapanah [27] is < 20% (excellent), 20-40% (good), 40-

60% (permissible), 60-80% (doubtful) and >80% (unsuitable) [5]. 

 

2.4.6 Magnesium adsorption ratio (MAR) 

When the presence of magnesium and calcium are in excess in 

groundwater, it increases the pH of the soil eventually making it 

alkaline in nature, consequentially decreases the crop yield [17]. 

MAR was estimated using Equation 6. Any irrigation water value of 

MAR above 50% is not recommended for use. 

MAR =
Mg2+

Ca2++Mg2+ × 100   (6) 

2.4.7 Corrosivity Index (CI) 

This is the parameter to assess whether or not the water from 

this source can be transmitted through a metal pipe without causing 

corrosion. There are different model or formulas to estimate CI [22, 

23]. However, the Larson Ratio (LR) was used to determine CI 

which is expressed as shown by Equation 7. It is recommended that 

the value should be above 0.5 rather less; above this value, corrosion 

will occur. 

LSI =
[Cl−]+2[SO4

2−]

[HCO3
−]

    (7)  

3.0 Results and Discussion 

3.1 Physiochemical Characteristics of quality of the 

 Groundwater 

The temperature of the groundwater was recorded at point of 

sample collection using thermometer with an average of 28.19 oC, 

while the average pH of groundwater is 8.49 and an average 

turbidity of 15.3 NTU. The electrical conductivity EC of the water 

was 418.7Ms/cm. However, total dissolve solid (TDS) was 253.5 

mg/l this is within the acceptable standard by FAO [24]. Total 

hardness (TH) was averagely 136.4 mg/l average colour of 2.5 TCU 

and Coliform count was 23.4 CFU. These values are within 

acceptable limit [25]. 

The concentration of anions and cations of groundwater in the 

study area were measured in meq/L. The concentration of the anions 

was in the order Mg2+ > Ca2+ > Fe2+ > Na+ > K+ > Zn+ > Cu2+ > Pb+ 

while cations were in the order HCO3
- > PO3

2- > Cl- > NO3
2- > SO4

2- 

> CO3
2- > NO2

- > Mn2-. These values are however, within the 

accepted range according to FAO [21]. 

 

3.2 Irrigation Indices 

Table 1 presents the irrigation indices for the study region. The 

SAR of the study area is within acceptable limit (less than 10) [5] 

for all Boreholes. The value ranged between 4.64 and 7.04. This is 

also within the threshold of the standard value recommended by the 

FAO [24]. Meanwhile, the RSC for sample P1, P7, P8 and P9 with 

corresponding values of 1.23, -1.08, 0.31 and 0.34 indicated 

suitability of the water for irrigation use while P2 (1.87) showed 

clarify moderately suitable for use and P3, P4, P5 P6 and P10 with 

corresponding values of 2.61, 2.55, 2.84, 2.66 and 2.81 showed that 

the RSC is high. That is, the RSC value of the groundwater in the 

area can be grouped thus; 40% sources are suitable for irrigation use, 

10% moderately suitable and 50% has high RSC. This is quite 

periling for the user of the water in the area for crop irrigation. The 

values above the acceptable standard are not extreme; therefore, 

some crops might have the tendency to withstand. Permeability 

index was computed using Equation 3. The permeability index PI of 

the study area is classified under class II according to Doneen [26] 

classification. That means the permeability index is good. The value 

ranges from 45.8% to 66.5%. This range of value is in agreement 

with Bhat et al. [18] and Hwang et al. [17]. 

Using Equation 4, the Kelly indexes (KI) for all the samples 

were within the acceptable range (0.07 to 0.11). As for the 

percentage sodium (PS), Equation 5 was used. The result showed 

that it is excellent for all the samples. The values fall within <20% 

as recommended by other researchers’ finding [27]. Equation 6 was 

used to compute the MAR. The higher the magnesium adsorption 

ratio, the more prone the water is to turn alkaline in nature because 

pH of the water has increased. 60% (well P1, P2, P3, P5, P6 and P9) 

of the groundwater samples from the area are within the 

commendable (< 50%) limit. The pH of the other 40% which 

comprises of P4, P7, P8 and P10 are above 50% should be strictly 

monitored. Larson Ratio (LR) was used to compute the corrosion 

ratio. The result indicated corrosion ratio above 0.5 (standard 

recommended value). This implies that when the water from these 

sources is transmitted through metal pipes corrosion will easily 

occur. Therefore, metal cannot be recommended for water 

distribution within this study area.  
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Table 1. Results of Irrigation Indices 

Sample 

Point 
SAR RSC PI KI 

PS 

(%) 

MAR 

(%) 
CI 

P1 
5.87 1.23 59.2 0.09 8 46.9 

1.05 

P2 
5.94 1.87 67.7 0.10 8 25.8 

0.98 

P3 
6.23 2.61 64.8 0.09 8 43.4 

1.18 

P4      

6.80 2.55 64.8 0.10 9 61.0 
1.16 

P5 
6.05 2.84 61.4 0.09 8 38.5 

1.27 

P6 
4.92 2.66 62.3 0.07 6 45.4 

1.28 

P7 
4.79 -1.08 45.8 0.07 6 63.0 

0.94 

P8 
4.64 0.31 53.7 0.07 6 63.3 

0.92 

P9 
4.81 0.34 54.9 0.07 7 42.6 

0.90 

P10 
7.04 2.81 66.6 0.11 9 62.6 

1.04 

 

3.3 Percentage Sodium and EC 

The concentration of sodium and EC level are important parameters 

to look into in the classification of irrigation water. When 

percentage sodium is high, it will lead to increase in electrical 

conductivity; consequently, saline soil will be formed. Salinization 

has led to loss in crop yield and has limited choice of crops. 

Therefore, the soil to be irrigated perhaps need to be checked to 

avoid further compounding of problems on the soil. Soil salinization  

 

reduces its permeability. The combination of sodium with carbonate 

will form alkaline soil and the combination of sodium with chloride 

will form saline soil. Whichever combination that may take place, 

impairs the soil and the land. The groundwater of Nukkai flood plain 

was classified using Wilcox diagram as shown on Figure 3 as 

Excellent-to-Good.  

 

 
Figure 3. Wilcox plot for percentage verses Electrical conductivity (EC) 
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3.4 Hydrogeological Classification of Groundwater 

3.4.1 Gibb’s Plot 

This is an established and widely used method to study the 

relationship of water composition and an aquifer lithological 

activities within three distinct region in the groundwater; namely; 

precipitation dominance, evaporation dominance and rock 

dominance [28]. Gibb’s ratio is expressed in two ways; based on 

cations and based on anions as shown by Equation 8  and 9 [29, 30] 

respectively. 

Gibb′s ratio (for cation) =
Na++K+

Na++Ca2++𝐾+ (8) 

Gibb′s (for anion) =
Cl−

[HCO3
−]+Cl−   (9) 

Equations 8 and 9 were used to compute the value of the cations 

and the anions respectively. These values were plotted against total 

dissolve solid (TDS). The Gibb’s plot indicated that the water 

samples of the study area are from rock dominance (Figure 4). This 

case is common in alluvial plains where the rock-water interface is 

the main process that controls the ground aqua chemistry. 

 
Figure 4. Gibb's Diagram. 

 

3.4 Correlation analysis 

Microsoft excel 2016 was use to run the Pearson’s correlation 

analysis. In this correlation analysis result, only very strong and 

strong correlation coefficients were discussed. The result showed 

that there is a very strong correlation between temperature and 

turbidity, coliform count, CO2
- and Mn2- with an R-value of 0.9 

respectively. Meanwhile there is also a strong correlation between 

temperature and pH, TDS, Total Hardness, Na+, Fe+, HCO3
-, Cl- and 

SO4
2- with an R-value ranging from 0.7 to 0.8. The pH indicated 

strong correlation with Na+, CO3
2- and HCO3

- with R-value of 0.9. 

The pH is strongly correlated with Turbidity, EC, TDS, Total 

Hardness, colour, coliform count, Fe2+, Cl-, Mn2-, NO2
-, with and R-

value of 0.7 to 0.8. Any little rise in the pH value of the water, the 

correlated parameters will increase as well, thereby making the 

water unfit for use except for crops that has higher resistance. 

However, when the pH of irrigation water is high, it influences the 

microbiology activities and cation ions exchange process between 

plant and soil [31]. Turbidity also indicated very strong correlation 

with coliform count, CO3
2-, Cl-, and SO4

2- with an R-Value of 0.9 

and also strong correlation with EC, TDS, TH, Ca2+, Pb+, HCO3
-, 

Mn2-, NO2
-, NO3

2- (R-value ranging from 0.7 to 0.8). EC showed 

very strong correlation with TDS and Cl- (R = 0.9) and strong 

correlation with colour, coliform count, Ca2+, K+, Fe2+, CO3
2-, 

HCO3
-, NO3

2- and SO4
2- (R = 0.7 to 0.8). TDS indicated very strong 

correlation with Cl- of R = 0.9 and strong correlation with colour, 

coliform count, Ca2+, K+, Fe2+, CO3
2-, HCO3

-, NO3
2- and SO4

2-. 

Total hardness also indicated strong correlation with coliform count, 

Na+ CO3
2-, Cl-, Mn2-, NO3

2-. The presence of correlated increases the 
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hardness of the groundwater in the region [32]. The colour also 

indicated very strong correlation with CO3
2- (R = 0.9) and there exist 

strong relationship with Pb+, CO3
2- and Cl-. Coliform count also 

indicated very strong correlation with CO3
2-, HCO3

-, and Cl- (R = 

0.9) and strong correlation with Na+, Fe2+, Mn2+, NO2
-, NO3

2- and 

SO4
2- (R = 0.7 to 0.8). However, Ca2+ and K+ only indicated strong 

correlation with Cu2+, Cl-, NO3
2-, SO4

2- and PO4
2- respectively.  

Mg2+, Cu2+, PO4
2- and SO4

2- showed neither very strong nor 

strong correlation with other elements. Na+ indicated very strong 

correlation with Mn2+ (R = 0.9) and a strong correlation with Pb+ 

and CO3
2- (R = 0.7). Fe2+showed a strong correlation with Pb+, 

HCO3
-, Mn2- and Cl- (R = 0.8) [33]. But Zn+ indicated a very strong 

negative correlation with F- (R = -0.9). Lead ion also showed that 

also strong correlation with PO4
2- (R = 0.8). CO3

2- indicated very 

strong correlation with HCO3- and Cl- and strong correlation with 

Mn2-, NO2
-, and SO4

2- (R = 0.7). In the same manner, HCO3
- is very 

strongly correlated with Cl- and strongly correlated with Mn2- NO2
-, 

NO3
2- and SO4

2- (R = 0.7).  Finally, NO2
- and NO3

2- are strongly 

correlated with NO3
2- and SO4

2- with respective R-values of 0.7 and 

0.8. Detail of the correlation result is as indicated on Table 3. 

 

 

 

 

 

 

 

 

Table 2: Correlation interpretation (Jaadi, 2019) 

Size of correlation Interpretation 

0.9 to 1.0 (-0.9 to -1.0) Very Strong positive 

(negative) correlation 

0.7 to 0.8 (-0.7 to -0.8) Strong positive (negative) 

correlation 

0.5 to 0.6 (-0.5 to -0.6) Moderate positive 

(negative) correlation 

0.3 to 0.4 (-0.3 to -0.4) Low positive (negative) 

correlation 

< 0.3 (< -0.3) Negligible correlation 

 

Mg2+, Cu2+, PO4
2- and SO4

2- showed neither very strong nor 

strong correlation with other elements. Na+ indicated very strong 

correlation with Mn2+ (R=0.9) and a strong correlation with Pb+ and 

CO3
2- (R=0.7). Fe2+showed a strong correlation with Pb+, HCO3

-, 

Mn2- and Cl- (R=0.8). But Zn+ indicated a very strong negative 

correlation with F- (R= -0.9). Lead ion also showed that also strong 

correlation with PO4
2- (R=0.8). CO3

2- indicated very strong 

correlation with HCO3- and Cl- and strong correlation with Mn2-, 

NO2
-, and SO4

2- (R=0.7). In the same manner, HCO3
- is very 

strongly correlated with Cl- and strongly correlated with Mn2- NO2
-, 

NO3
2- and SO4

2- (R=0.7).  Finally, NO2
— and NO3

2- are strongly 

correlated with NO3
2- and SO4

2- with respective R-values of 0.7 and 

0.8. Detail of the correlation result is as indicated on Table 3. 
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Table 3. Correlation Analysis. 
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Conclusion 

An Assessment of groundwater quality of Nukkai flood plain 

was carried out. The research indicates that the groundwater of the 

area is fit for irrigation purpose; physiochemical characteristic of the 

groundwater is within acceptable threshold as indicated by FOA. 

The irrigation indices showed that groundwater from the study area 

is good for irrigation purpose however, cannot be transmitted 

through metal pipes due to its corrisivity index value. Using Gibb’s 

diagram, the chemical sources of the groundwater in this region is 

the rock–water interaction dominance. Percentage sodium and 

Electrical conductivity plot was done using Wilcox diagram, the 

groundwater quality falls within excellent-to-good. On the 

correlation of the parameters, amongst all the very strong to strong 

correlation, majority indicated positive correlation and only one 

indicated very strong negative correlation. 
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