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Abstract 

Crop sustainability and production depend on the attributes of the irrigating 

water. Ensuring that appropriate attributes and amounts of available water are 

used for irrigation is necessary to maximise crop yields. Consequently, the 

Ikpoba River, which flows through the Ekosodin community in the Ovia-North 

East LGA of Benin City, was assessed for suitability for irrigation in this 

investigation. A physicochemical analysis was conducted on samples of water 

obtained from three distinct places along the river, namely A-upstream, B-

midstream, and C-downstream. With some results of the physicochemical test, 

irrigating water quality indicators, including the sodium adsorption ratio (SAR), 

permeability index (PI), potential salinity (PS), magnesium adsorption ratio 

(MAR), kelly ratio (KR), percentage sodium (%Na), as well as the irrigating 

water quality index (IWQI), were all assessed for those samples of water. 

Regarding all physicochemical analysis findings, every sample of surface water 

met the FAO permitted thresholds regarding irrigation water, except for a few 

heavy metals such as Mn2+, Cu2+, Cr2+, and Cd2+ that were slightly over the 

allowable values. These heavy metals are less of a concern in water used for 

irrigation since they are essential plant micronutrients and are unlikely to 

directly harm plants. SAR, %Na, PI, PS, and KR, the irrigating water quality 

indicators, indicated that every river water sample tested was okay for irrigating 

but not for IWQI, which restricted irrigation water use to high-tolerance crops. 

For all water samples, the indices are A = 0.04, B = 0.05, and then C = 0.06; A 

= 21.31%, B = 22.01%, and then C = 21.84%; A = 3148.15%, B = 2384.29%, 

with C = 1928.58%; A = 2.60 meq/L, B = 1.04 meq/L, as well as C = 1.11 meq/L; 

A = 0.19, B = 0.20, while C = 0.20 for the SAR, %Na, PI, PS, and KR indices, 

respectively. As such, surface water within the research region is appropriate 

for irrigation. 
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1.0  INTRODUCTION 

The process of artificially providing water to plants 

when rainfall is insufficient to support crop production 

is known as irrigation [1, 2]. When rainfall is erratic 

and infrequent, it is essential for plant growth [3]. 

Crop diversification and growth depend heavily on 

agricultural irrigation; this practice advances global 

food security and sustainability [3]. Water sources and 

quality must be evaluated prior to designing an 

irrigation project [1]. Potential irrigation sources of 

water include surface water and groundwater [4]. 

Nonetheless, owing to their availability, rivers are 

preferable [5]. 
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The Nigerian economy is heavily dependent on the 

agricultural sector. By the initial quarter of 2022, it 

was more than thirty percent of the GDP [6]. It is 

imperative to emphasise irrigated farming so as to 

address issues of inadequate food supply within the 

nation, given its significant contribution and the 

abnormalities in rainfall patterns caused by climate 

change [7]. Because surface water is readily available 

and abundant, it may be used to ensure sustainable 

agriculture. Surface water is extracted from rivers that 

are formed by rainfall and used for irrigation [8]. 

However, as a result of increased anthropogenic 

activity spurred on by urbanisation, industrialisation, 

and population growth, the quality of the majority of 

rivers has declined [8]. Surface water resources are 

contaminated by human activities via the intrusion of 

contaminated water, storm runoff, and other sources 

that discharge organic and inorganic pollutants, 

including pathogens, into the water [9, 10, 11, 12]. 

These contaminants impair the aquatic ecosystem and 

its elements, including fisheries, and can lead to 

cancer and genetic mutations [12]. The water is 

therefore unsuitable for aquatic life, irrigation, or 

human consumption [12]. These contaminants also 

accompany irrigating water and persist in the soil 

following evaporation as well as crop absorption, 

impacting the soil's and the crops' quality [13].  

 

One of the main environmental risks connected to 

irrigation is salinity. It can have an impact on surface 

water quality, crop yield, and soil structure. Its 

watershed naturally replenishes surface water [5]. But 

worldwide, there has been a rise in the salinity of 

water in many watersheds, particularly in nations like 

Nigeria, where salty rocks have been subjected to 

weathering and erosion over time. A Quaternary 

sedimentary rock deposit from the Pliocene-

Pleistocene age occurs beneath the Benin Region, 

which covers the majority of Nigeria [14]. The Benin 

Formation is the name attributed to this formation. 

Some Cretaceous sedimentary rocks of the Upper 

Senonian group are also found close to Benin City 

[15]; these rocks, together with those from the 

Quaternary period, include saline deposits that have 

the potential to erode into Benin City waterways [15]. 

Due to these salty deposits and the Ovia-North East 

LGA of Benin City's rapid growth [16], the majority 

of the region's rivers, including the Ikpoba River 

flowing through the Ekosodin community, are 

susceptible to contamination. Therefore, it is 

imperative that these rivers be managed appropriately. 

Monitoring water quality can improve surface water’s 

potential to serve irrigation [3]. 

 

Past research [17, 18, 19] indicates that river water 

needs to be in compliance with irrigation water quality 

components and water quality indices established by 

different environmental, health, and agricultural 

organizations. According to studies [18], river water 

with high quality indices can become a possible 

supply to irrigation with respect to agricultural 

productivity and soil quality improvement. Nigeria, 

however, does not properly assess or manage its river 

water for the sake of crop production, environmental 

safety, and soil quality. The Ikpoba River flows 

through various communities, including the Ekosodin 

community in Benin City, providing water for various 

uses, including domestic, industrial, and agricultural 

purposes. However, the rapid population growth and 

urbanisation in Benin City (including the Ovia-North 

East LGA of Benin City) have led to increased 

pollution and pressure on water resources [16]. This 

has raised concerns about the quality of water 

available for irrigation and its potential impact on crop 

yield and soil health. In any case, there are no 

irrigation practices in the Ekosodin community, which 

may probably be due to a lack of information on the 

quality of the water sources in the community for 

irrigation. Therefore, the goal of this study is to 

ascertain how suitable the Ikpoba River, which flows 

through the Ekosodin village in Benin City, is for 

irrigation using appropriate indicators. The objectives 

of the study are to assess the physico-chemical 

properties of the river water and its suitability for 

agricultural irrigation using established water quality 

indices and guidelines to determine if the water meets 

the standards required for safe and effective irrigation. 

By achieving these objectives, the study aims to 

contribute to the sustainable management of water 

resources in the Ekosodin Community and support the 

agricultural sector in Ovia-North East LGA. The 

findings will be valuable for policymakers, farmers, 

and environmental managers in making informed 

decisions to protect and utilise the Ikpoba River 

effectively.  

 

The limitation of this study is that it focusses on the 

Ikpoba River within the Ekosodin Community. This 

localised approach may not reflect the overall water 

quality of the entire river system for irrigation, which 

could vary significantly in different sections.  

 

2.0  MATERIALS AND METHODS  

2.1  Study Area 

Ovia North-East Local Government Area (LGA) of 

Edo State has the Ekosodin village, which is situated 

east of Isihor (Figure 1). The LGA spans 2,301 square 

kilometres and is headquartered in Okada town [20]. 

It is found in the middle province belonging to Edo 
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State, between the longitude lines 5° 45' 1" E and 6° 

15' 1" E and the latitude lines 5° 15' 1" N and 6° 45' 1" 

N. Ovia North East is located in Benin City, which 

happens to be in the tropical rainforest area of Nigeria 

[16]. The region experiences average monthly 

temperatures of 25 to 28 degrees Celsius and 1500 to 

2500 mm of rain on average every year [21]. 

Sedimentary formations underlie the Benin Region, 

which is a portion of the South Sedimentary Basin 

[14]. The area primarily consists of thick clay/shale 

interbeds with a strong capacity to retain groundwater 

and huge, porous, coarse sand. This kind of sand 

makes up more than 90% of the Benin formation [22]. 

Reddish earth made up of literalised or ferruginized 

clay sand is what defines Benin City's geology [14]. 

There are over 7,000 people living in the Ekosodin 

community [23], and the Ikpoba River flows through 

it. 

 

 
Figure 1:  Map Showing Ekosodin in Ovia-North 

East LGA, Benin City, Edo State [21], [24]- modified 

by the Authors, 2024 

 

2.2  Water Sampling and Analysis  

Three points by the river were sampled for some water 

within November and December 2023: upstream (A), 

midstream (B), and downstream (C). This was done 

because Fipps [25] recommended that potential 

irrigation periods be taken into consideration. The 

sampling locations (A, B, and C) were created as 

described by Sani [12]. Figure 2 displays each 

sampling point. These samples were taken in 75-cL 

sterile plastic bottles. To assure accuracy through 

replication, a minimum of three randomly selected 

samples were taken from each location. The samples 

were collected in the late mornings, specifically 

between 9:00 a.m. and 11:00 a.m., during a period 

when temperatures tend to be stable. After being 

labelled and sealed, the plastic cans were taken to the 

Martlet Environmental Research Laboratory in Benin 

City so that they could be examined. A total of twenty-

two physiochemical parameters (22) were examined 

in the samples: pH, Electrical Conductivity (EC), 

Total Dissolved Solids (TDS), Total Hardness (TH), 

Calcium (Ca2+), Magnesium (Mg2+), Sodium (Na+), 

Potassium (K+), Bicarbonate (HCO3
-), Sulphate (SO4

2-

), Nitrate (NO3
-), Chloride (Cl-), Iron (Fe2+), 

Manganese (Mn2+), Chromium (Cr2+), Lead (Pb2+), 

Cadmium (Cd2+), Zinc (Zn2+), Copper (Cu2+), Nickel 

(Ni2+), Boron (B3+), and a biological characteristic 

(Coliforms-Col). Every laboratory test was carried out 

following the guidelines outlined by [27], as well as 

those suggested by [16] and [26]. The methods utilised 

to examine the parameters related to river water 

quality are shown in Table 1. All water-related test 

findings were statistically analysed using Microsoft 

Excel 2010.  

 

 
Figure 2:  A map of Ekosodin that displays the river 

with the locations of sampling  

 

Table 1: Techniques for Analyzing Water Quality 

Characteristics 
Parameters Techniques of Analysis 

pH Flame Photometry 

Electrical Conductivity Flame Photometry 

Total Dissolved Solids Flame Photometry 

Total Hardness Titrimetry 

Calcium Titrimetry 

Magnesium Titrimetry 

Sodium Flame Photometry 

Potassium Flame Photometry 

Bicarbonate Titrimetry 

Sulfate Flame Atomic Absorption Spectroscopy 

Nitrate Flame Atomic Absorption Spectroscopy 

Chloride Titrimetry 

Iron Flame Atomic Absorption Spectroscopy 

Manganese Flame Atomic Absorption Spectroscopy 

Chromium Flame Atomic Absorption Spectroscopy 

Lead Flame Atomic Absorption Spectroscopy 

Cadmium Flame Atomic Absorption Spectroscopy 

Zinc Flame Atomic Absorption Spectroscopy 

Copper Flame Atomic Absorption Spectroscopy 

Nickel Flame Atomic Absorption Spectroscopy 

Boron Flame Atomic Absorption Spectroscopy 

Coliforms Fibre- based Filtration Media 
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2.3  Irrigation Water Quality Indices 

The experimental findings were then subjected to a 

variety of irrigation water quality indicators, as 

recommended by [1], so as to ascertain if the river 

waters were appropriate for agricultural irrigation. 

These metrics are: Magnesium Adsorption Rate 

(MAR), Kelly's Ratio (KR), Permeability Index (PI), 

Potential Salinity (PS), Sodium Adsorption Rate 

(SAR), Percentage of Sodium (%Na), plus Irrigation 

Water Quality Index (IWQI). Additionally, a 

comparison was done between the FAO's [28] 

suggested thresholds regarding irrigation water 

quality and the heavy metal levels. The conversion 

values listed in Table 2 were used to convert each 

value of some parameter to milliequivalent per litre 

(meq/L) so as to calculate the water quality indices [1]. 

Subsequently, using each irrigating water quality 

indicator, all water samples were categorised using 

Table 3's classification system and computed using the 

following equations [3]. 

 

𝑆𝐴𝑅 =
𝑁𝑎+

√𝐶𝑎2++𝑀𝑔2+

2

                      (1) 

 %𝑁𝑎 =
𝑁𝑎+ + 𝐾+

(𝐶𝑎2++ 𝑀𝑔2++ 𝑁𝑎2++𝐾+)
× 100            (2) 

 𝑃𝐼 =
𝑁𝑎++√𝐻𝐶03−

𝐶𝑎2++ 𝑀𝑔2++ 𝑁𝑎+  × 100                                (3) 

𝑃𝑆 = 𝐶𝑙− + √𝑆𝑂4
2−                                               (4) 

𝑀𝐴𝑅 =
𝑀𝑔2+

(𝐶𝑎2+ + 𝑀𝑔2+)
× 100                                   (5) 

𝐾𝑅 =
𝑁𝑎+

𝐶𝑎2++ 𝑀𝑔2+ 
                                                    (6) 

 

𝐼𝑊𝑄𝐼 =
∑ 𝑊𝑐𝑣×𝑄𝑟𝑣

𝑛
𝑖=1

∑ 𝑊𝑐𝑣
𝑛
𝑖=1

                                               (7) 

Where; 

𝑄𝑟𝑣 =  
𝐶𝑣

𝑅𝑆𝑣
× 100             (8) 

𝑊𝑐𝑣 =
1

𝑅𝑆𝑣
               (9) 

Where; 

𝑄𝑟𝑣 = Values for Quality Ratings;  

𝐶𝑣 =  Concentration values observed; 

𝑅𝑆𝑣 = Each Water Quality Variables’ Recommended 

Standard Values; 

𝑊𝑐𝑣 = Parameters’ Relative Weighting. 

 

Table 2: Conversion Table of mg/L to meg/L 
Ions (mg/L) To Convert to meg/L, multiply by 

HCO3
- 0.0164 

Ca2+ 0.0499 

Mg2+ 0.0823 

SO4
2- 0.0208 

Cl- 0.0282 

Na+ 0.0435 

 Source [29] 

 

Table 3: System of Classification of Irrigation Water 

Quality Indicators 
System of 

Classification Range Categories 

SAR 

 
 

 

 
 

<10 Excellent 

10-18 Good 

> 8-26 Fair 

>26 Poor 

>200-300 Hard 

>300 Very Hard 

%Na 

 

 
 

 

Up to 20 Excellent 

>20-40 Good 

>40-60 Permissible 

>60-80 Doubtful 

>80 Unsuitable 

PI (%) 

 

 

>75 Excellent 

25-75 Good 

<75 Unsuitable 

PS (meq/L) 

 
 

<5 Excellent to Good 

5-10 Good to Injurious 

>10 Injurious to Unsatisfactory 

MAR (%) 

 

<50 Acceptable 

>50 Non-Acceptable 

KR 

 

<1 Suitable 

>1 Unsuitable 

IWQI (%) 

 

 
 

 

85-100 Excellent 

70-85 Good 

55-70 Poor 

40-55 Very Poor 

0-40 

Unsuitable for Irrigation 

Use 

Source [3] and [30] 

 

3.0  RESULTS AND DISCUSSIONS 

Tables 4 and 5 give the findings from the assessments 

of both the physicochemical analysis and the irrigating 

water quality indices. All results regarding the 

evaluations of the irrigating water quality indicators 

and the physicochemical analysis are depicted in 

Tables 4 and 5. 

 

Table 5 displays all computed river waters' quality 

indices, and Table 4 provides a statistical overview of 

the river water samples’s physicochemical parameters 

and how they compare to the recommended levels 

[28]. 

 

With the exception of a few heavy elements like Mn2+, 

Cu2+, Cr2+, Cd2+, Table 4 demonstrates that all values 

tested at the three locations (upstream, midstream, and 

downstream of the river) were within and below the 

FAO acceptable limit for irrigation. Additionally, it 

was noted that, with the exception of heavy metals 

where the opposite was true, parameter levels were 

higher downstream compared to upstream. This could 

possibly be explained by human activities occurring in 

the river area, as proposed by Adiyiah et al. [31]. The 

Mn2+ levels in each water sample differed starting 

from 0.2840–0.8810 mg/L with a 0.6326 mg/L mean 

at location A; 0.2550 to 0.7300 mg/L with a 0.5034 

mg/L mean at spot B; as well as 0.1870–0.7010 mg/L 

with a 0.4238 mg/L mean at spot C. Cu2+ levels diffe-
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red starting from 0.1100–0.6540 mg/L with a 0.3822 

mg/L mean at Location A, 0.0890–0.5520 mg/L with 

a 0.3142 mg/L mean at Location B, and 0.0710–

0.4980 mg/L with a 0.2598 mg/L mean at Location C. 

Cr2+ levels at site A differed starting from 0.0560–

0.4210 mg/L with a 0.1676 mg/L mean; at spot B, they 

differed starting from 0.0420–0.3330 mg/L with a 

0.1306 mg/L mean; while at spot C, they differed 

starting from 0.0400–0.320 mg/L with a 0.1130 mg/L 

mean. 

 

 

Table 4: Statistical Overview of the River Water Samples’s Physicochemical Parameters and How they 

Compared to the Recommended Levels 
Parameters 

 
Upstream Midstream Downstream Guideline 

Min Max Mean SD Min Max Mean SD Min Max Mean SD FAO, 2015 

pH 6.1000 7.7000 6.6800 0.6099 6.3000 7.4000 6.6400 0.4506 6.1000 7.3000 6.6000 0.4416 6.50–8.50 

EC (µS/cm) 10.0000 28.0000 22.8000 7.2938 26.0000 36.0000 29.2000 3.8987 28.0000 40.0000 33.8000 6.0166 3,000 

TDS (mg/L) 5.0000 14.0000 11.4000 3.6469 13.0000 18.0000 14.6000 1.9494 14.0000 20.0000 17.0000 3.0000 2,000 

TH (mg/L) 0.6700 1.4000 1.1500 0.3431 0.1940 1.9400 1.2808 0.6719 1.5300 2.5300 2.1280 0.4884 712 

Ca2+ (mg/l) 0.1200 0.2800 0.2200 0.0693 0.2500 0.3500 0.2960 0.0456 0.3000 0.4700 0.3920 0.0705 400 

Mg2+ (mg/L) 0.0900 0.1900 0.1460 0.0434 0.1400 0.2700 0.2160 0.0550 0.1900 0.3500 0.2800 0.0781 60 

Na+ (mg/L) 0.0600 0.1400 0.1000 0.0308 0.1000 0.1800 0.1460 0.0321 0.1500 0.3000 0.2000 0.0596 900 

K+ (mg/L) 0.0400 0.0900 0.0720 0.0249 0.0800 0.1300 0.1080 0.0179 0.0130 0.2100 0.1246 0.0742 0–2 

HCO3
- (mg/L) 35.5000 55.7000 44.5800 7.2151 40.6000 61.5000 52.0000 7.6082 52.1000 61.5000 58.6400 3.9055 600 

SO4
2- (mg/L) 0.0330 0.0550 0.0406 0.0088 0.0400 0.0580 0.0488 0.0081 0.0490 0.0620 0.0562 0.0048 1,000 

NO3- (mg/L) 0.0110 0.0180 0.0160 0.0031 0.0170 0.0250 0.0210 0.0031 0.0220 0.0310 0.0274 0.0039 0–10 

Cl- (mg/) 22.4000 331.0000 91.9800 133.7366 30.1000 40.2000 36.6800 4.1668 35.5000 44.4000 39.3600 3.8501 1,100 

Fe2+ (mg/L) 0.8800 1.8540 1.3518 0.3765 0.7410 1.3330 1.0466 0.2126 0.6630 1.0480 0.9022 0.1524 5.00 

Mn2+ (mg/L) 0.2840 0.8810 0.6326 0.2479 0.2550 0.7300 0.5034 0.1733 0.1870 0.7010 0.4238 0.1827 0.20 

Cr2+ (mg/L) 0.0560 0.4210 0.1676 0.1449 0.0420 0.3330 0.1306 0.1155 0.0400 0.3020 0.1130 0.1070 0.10 

Pb2+ (mg/L) 0.0320 0.0720 0.0506 0.0154 0.0280 0.0610 0.0412 0.0130 0.0220 0.0530 0.0326 0.0119 2.00 

Cd2+ (mg/L) 0.0180 0.0480 0.0330 0.0119 0.0150 0.0400 0.0260 0.0104 0.0010 0.0400 0.0182 0.0144 0.01 

Zn2+ (mg/L) 0.5680 1.0250 0.8982 0.1924 0.3890 0.8970 0.7576 0.2122 0.3580 0.7730 0.5944 0.1613 0-2.0 

Cu2+ (mg/L) 0.1100 0.6540 0.3822 0.2208 0.0890 0.5520 0.3142 0.1846 0.0710 0.4980 0.2598 0.1625 0.10 

Ni2+ (mg/L) 0.0190 0.1300 0.0454 0.0475 0.0090 0.1100 0.0344 0.0424 0.0070 0.0150 0.0112 0.0030 5.00 

B3+ (mg/L) ND ND ND ND ND ND ND ND ND ND ND ND 0–2 

Col. (Pt.Co) 0.5000 3.3000 1.8000 1.1225 0.7000 3.7000 2.5000 1.3360 0.8000 5.1000 3.0000 1.7393 <200 

ND = Not Detected 

 

Moreover, Cd2+ values differed at spots A, B, and C. 

They were 0.0180–0.0480 mg/L with a 0.0330 mg/L 

mean, 0.0150–0.0400 mg/L with a 0.0260 mg/L mean, 

as well as 0.0010–0.0400 mg/L with a 0.0182 mg/L 

mean. Elevated levels of these heavy metals (Mn2+, 

Cu2+, Cr2+ and Cd2+) detected in the samples of river 

water at locations A, B, and C, respectively, are likely 

attributed to human-induced actions (like the careless 

application of some heavy metal-containing 

herbicides and manure) in the nearby agricultural land 

[32, 33, 34]. Research has also shown that Benin 

City's rivers have high concentrations of these heavy 

metals [35, 36]. Although these heavy metals in 

irrigation water are of less concern because they are 

vital plant micronutrients and are not directly toxic to 

plants, excessively high levels of them can disrupt 

plant metabolism and inhibit plant morphology and 

physiology [37, 38, 39, 40]. Among the parameters 

analysed, the concentrations of EC, HCO3-, and 

specific ions (such as Na2+, Cl-, and B3+) are vital in 

irrigation water assessment [41]. 

 

The pH of the water at the A, B, and C locations 

ranged from 6.1000 to 7.7000 with a mean of 6.6800; 

6.3000 to 7.4000 had a mean of 6.6400; and 6.1000 to 

7.3000 had a mean of 6.6000. These results suggest 

that the water is acidic [40]. These figures are between 

the acceptable ranges (6.5–8.5) set by the FAO [30] 

for irrigation water. Since numerous plants could 

handle a broad range of pH and the pH of water is 

usually buffered by the soil, the pH of water and soil 

cannot directly impair plant growth [42, 41]. On the 

other hand, persistent use of water at pH values higher 

than recommended limits may result in deficiencies in 

certain micronutrients and other problems with soil 

fertility [33, 1]. The overall salinity or total solids in 

each water sample are indicated by the EC. All water 

samples collected at A, B, and C sites had EC values 

starting from 10.0000–28.0000 μS/cm with a 22.8000 

μS/cm mean, 26.0000–36.0000 μS/cm with a 29.2000 

μS/cm mean, and 28.0000–40.0000 μS/cm with a 

33.8000 μS/cm mean. These findings indicate low 

salinity in irrigation water because they are all below 

the FAO [28] recommended limit of 3000 μS/cm. 

Furthermore, as the EC values were significantly 

lower than 250 μS/cm, they are also in the excellent 

water category [3]. Water's electrical conductivity 

influences plant development. Soil salinity levels that 

are excessive could lead to a "physiological" drought 

[41, 1]. The high osmotic potential of plant roots 

inhibits them from receiving water from the soil, 

which is why this occurs. Thus, wilting occurs when 

the plant shoot loses water through transpiration and 

cannot replenish it [41, 1]. The HCO3- figures are as 

follows: 35.5000–55.7000 mg/L with a 44.5800 mg/L 

mean; 40.6000–61.5000 mg/L with a 52.0000 mg/L 

mean; and 52.1000–61.5000 mg/L with a 58.6400 

mg/L mean at A, B, and C locations. Despite their high 

levels, these HCO3- concentrations are within the 

permitted irrigation water threshold of 600 mg/L [28]. 

Since the majority of rocks tend to be hydrophilic and 

their level in water is according to the pH of all water, 
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weathering increases the HCO3-content of all water. 

Magnesium carbonate (MgCO3) tends to precipitate 

when irrigation water with high HCO3-concentrations 

becomes concentrated due to evapotranspiration. As a 

result, the plant's ability to absorb and metabolise 

minerals would be harmed by the increased sodium 

ions in the soil [42]. 

 

Certain specific chemical components found in 

irrigation water, such as Na2+, Cl-, and B, have the 

potential to directly affect crops and cause harm to 

plants. The Na2+ levels varied for the A, B, and C sites, 

respectively, starting from 0.0600–0.1400 mg/L with 

a 0.1000 mg/L mean; 0.1000–0.1800 mg/L with a 

0.1460 mg/L mean; and also 0.1500–0.3000 mg/L 

with a 0.2000 mg/L mean. It is evident that none of 

the water samples had sodium contents that were more 

than the 900 mg/l permissible range for irrigation [28]. 

High Na2+concentrations in irrigation water impact 

soil physical characteristics and could spur the 

degradation of soil structure because sodium-soil 

exchange results in both soil dispersion and 

permeability loss [43, 41]. Crop poisoning is mostly 

caused by chlorides found in irrigation water. The 

soluble anion chloride, also known as Cl-, is present in 

any water and easily seeps into drainage water. The 

range of values of Cl- levels detected in water samples 

from spots A, B, and C, correspondingly, was 

22.4000–331.0000 mg/L with a 91.9800 mg/L mean; 

30.1000–40.2000 mg/L with a 36.6800 mg/L mean; 

and 35.5000–44.4000 mg/L with a 39.3600 mg/L 

mean. All chloride concentrations recorded inside 

every water sample taken from sites A, B, and C were 

within the allowable threshold of 1,100 mg/L 

regarding irrigation water [28]. Chlorides are required 

for plant development; too much can stunt plant 

development, be extremely poisonous to certain plant 

species, and cause necrosis in plants, be extremely 

poisonous to certain plant species, and cause necrosis 

in plants. This is typically followed by premature leaf 

loss or removal [41, 33]. While it is necessary in small 

amounts, all plants need boron (B3+) for normal 

growth. It was noted that in all three locations' water 

samples (A, B, and C), B3+ was not found. Following 

FAO [28], B3+ values in all water are in the range of 0 

to 2 mg/L, which complies with all permissible ranges 

for irrigation water. Plant damage (or toxicity) could 

result from high boron concentrations in irrigation 

water [41]. Plant diseases and a decrease in 

agricultural productivity are linked to toxic B3+ levels 

[44]. 

 

Table 5: Estimated River Water Quality Indices 

(Irrigation Parameters) 
Indices Location 

A (Upstream) B (Midstream) C (Downstream) 

SAR 0.04 0.05 0.06 

%Na 21.31 22.01 21.84 

PI (%) 3148.15 2384.29 1928.58 

PS (meq/L) 2.59 1.04 1.11 

MAR (%) 52.40 54.60 53.99 

KR 0.19 0.20 0.20 

IWQI (%) 40.58 45.64 50.73 

 

According to Srinivasamoorthy et al. [45] and Zaman 

et al. [41], the SAR effectively predicts the likelihood 

of salt solutions producing a notable quantity of 

exchangeable salt in soil, making it a valuable 

indicator for indicating a sodium danger in irrigation 

water. For all samples of water from all three 

locations—A (0.04), B (0.05), and C (0.06)—low 

SAR values were found in Table 5. The river's waters 

are regarded as excellent to supply irrigation (Table 3) 

since these values are less than 10. This points out that 

there is no danger of sodicity due to the water's low 

salt concentration. But when water drainage and 

leaching are regulated, extended use of low-sodium 

irrigation water can lead soils to become sodic, which 

lowers permeability [41]. 

 

Considering the detrimental effects of sodium in 

water, irrigation water quality may also be categorised 

using percentage sodium (% Na) [46, 47]. Increased 

salinity in irrigation water makes the soil sodic, which 

lowers the permeability of the soil [48, 47]. Locations 

A, B, and C have % Na values of 21.31%, 22.01%, 

and 21.84%, respectively. These values, which fall 

between 20 and 40 percent, reveal that the river's 

waters are appropriate for irrigation as they satisfy the 

excellent water type standards (see Table 3).  

 

Permeability index (PI) is another kind of indicator 

that is used to determine whether surface waters are 

acceptable for agricultural irrigation. It’s influenced 

by levels of Na2+, Ca2+, Mg2+, and HCO3- [3]. The 

samples of water had high PI values: 3148.15% at spot 

A, 2384.29% at spot B, and 1928.58% at location C. 

These elevated results may be associated with the 

elevated HCO3- levels observed in water samples that 

are primarily carried on by calcareous and calcite rock 

deposits that seep into the river. Low-PI water won't 

alter the surrounding soil's structure since it doesn't 

alter its porosity [49]. Because the PI values at all 

three locations (A, B, and C) are greater than 75%, 

which describes the water samples obtained as 

excellent, the surface water standard is suitable for 

irrigation (see Table 3). 

 

Potential salinity (PS) is the term that is used to 

describe the amount of soluble salts inside irrigation 

water [1]. For location A, the PS value is 2.59 meq/l; 

for location B, it is 1.04 meq/l; and for location C, it is 
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1.11 meq/l. Since these values are less than 5 

meq/L (as indicated in Table 3), the water samples 

from all three locations fell within the category of 

excellent to good water types, meaning the river water 

could be utilised for irrigation. The water quality 

indices (SAR, %Na, PS) fall within the same range as 

those reported by Talabi et al. [50] in their research on 

River Owan in Edo State. 

 

Magnesium ions in water influence crop production; 

thus, there is a need to check for magnesium hazards 

in water for agricultural irrigation. The magnesium 

hazard (MH) that is used for this study to express the 

amount of magnesium adsorption rate (MAR). The 

water samples from spots A, B, and C had calculated 

MH values of 52.40%, 54.60%, and 53.99%, 

respectively. These values are slightly above 50%, 

which is the recommended value for the waters to be 

accepted for irrigation; however, they are more in the 

range of 50%, which will not impact crop yield, hence 

the water is safe for irrigation [46]. Because magnetite 

enhances the formation of chlorophyll, which 

promotes the photosynthesis necessary for plant 

growth, it may have a favourable effect on the 

moderate values of MH found [46]. But too much 

magnesium can raise the pH of the soil, especially 

when paired with calcium ions. This can lead to 

phosphorus insufficiency and lower crop yields [1]. 

Research has recorded MAR>50% for river water in 

Edo State [50]. 

 

Another method for determining if the quality of water 

is appropriate for agricultural irrigation is Kelly's ratio 

(KR). It shows how much salt is present and how that 

could affect the irrigation quality. Table 5 shows that 

the KR values of every water sample at spots A, B, 

and C, respectively, are 0.19, 0.20, and 0.20. All of the 

water samples from all three locations (A, B, and C) 

fit into the acceptable water category based on these 

values, which are less than 1, suggesting that there 

isn't a noticeable excess of sodium in the surface 

water. The irrigation water quality index (IWQI) is 

one way of analysing the overall influence of several 

attributes expressed as a single numerical number [3, 

51]. In this study, the IWQI was estimated using pH, 

EC, Na, Cl, HCO3-, Mg, Ca, and SAR, which are eight 

water quality variables as proposed by Gidey [51] and 

Tiri et al. [3]. The IWQI values for water samples from 

spots A, B, and C are 40.58%, 45.64%, as well as 

50.73%, respectively. These findings indicate that all 

water samples are very poor for agricultural irrigation, 

and so all water is only ideal for high-tolerance crops 

[3]. The degradation in the surface waters as reflected 

by IWQI may be due to excessive anthropogenic 

activities in the study area [52, 47]. 

 4.0 CONCLUSION 

The Ikpoba River flows through the Ekosodin 

community in Ovia-North East LGA of Benin City. 

The river's irrigation potentials have been assessed by 

first analysing the physicochemical parameters of 

water samples from three different locations (A-

upstream, B-midstream, and C-downstream). 

Employing some of the physicochemical parameters, 

SAR; %Na; PI; PS; MAR; KR; and IWQI have been 

assessed. With regard to the outcome of the 

physicochemical study, all samples of river water fell 

within and below FAO acceptable levels for irrigating 

water, but for Mn2+, Cu2+, Cr2+, and Cd2+, whose 

concentrations were slightly above permissible 

ranges. There is less worry about these heavy metals 

in irrigation water as they are essential plant 

micronutrients and are unlikely to directly damage 

plants. SAR, %Na, PI, PS, and KR, which are 

irrigating water quality indicators, indicated that every 

river water sample tested was okay for irrigation but 

not for IWQI, which restricted irrigation water use to 

high-tolerance crops. 
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