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Abstract

Ensuring food security has become an issue of key importance 
due to the increase population accompanied with high demand 
for food. It has therefore become necessary to produce food   all 
year round to cope with the increasing population. For this reason, 
farmers both in arid and semi-arid areas have adopted irrigation 
agriculture. Irrigation water quality can have a profound impact on 
crop production. However, sources of these irrigation waters are 
hardly checked to determine whether they promote crop yield or 
not. Thus, this study assesses the quality of water sources for irriga-
tion purpose in some selected areas of Makurdi. A total of six (6) 
water samples were taken at random across some selected parts 
of Makurdi metropolis. The samples were group into surface (river) 
and underground (borehole) waters with each group containing 
three samples. For each sample, four (4) parameters (pH, EC, TDS, 
and Cl-) were analysed. These parameters were analysed and sub-
jected to descriptive statistics. The result shows a pH mean value of 
7.4 for all the surface water samples, EC mean values range from 
0.06 dS/m - 0.07 dS/m, TDS mean values ranges from 27.40 mg/L 
- 30.33 mg/L, Cl- mean values range from 0.96 meq/L - 1.35 meq/L 
for the surface water. On the other hand, pH means values range 
from 7.2 - 7.9, EC mean values range from 0.32 dS/L - 0.36 dS/L, 
TDS values range from 95.00 mg/L – 129.60 mg/L and Cl- mean val-
ues range from 1.12 meq/L -2.09 meq/L for the underground water 
samples. From the parameters measured, the result shows that, 
the sampled water has good quality and can be used for irrigation. 
However, the EC of surface water posed a threat to crops growth 
and yield. This result can be used to preferentially grow crops 
around Makurdi metropolis to enhance maximum yield.

Keywords: Irrigation; Food Security; Underground and Surface 
waterIntroduction

Ensuring food security has become an issue of key impor-
tance to countries with different degrees of economic develop-
ment. Agricultural sector plays a strategic role in improving food 
availability. However, while there is general agreement on the 
increased global demand for food to be expected in the coming 
decades, there is uncertainty surrounding global agriculture’s 
capacity to service this demand through an expansion in the 
food supply [22]. Better food provision ensured by increasing 
the productivity of agriculture and expanding the range of ag-
ricultural land use seems to be a possible method to eradicate 
food insecurity [62]. Agriculture is concerned with the husband-
ry of crops and animals for food and other purposes. It is the 
foundation upon which the development of stable human com-

munities such as villages and towns depend in many parts of the 
world, [12]. It embraces all the activities involved in crops and 
livestock production starting from preparatory stages through 
the production, processing, and marketing or consumption 
stages. The importance of agriculture, according to Asogwa and 
Nongugwa, [12] include the provision of food, shelter, timber, 
employment opportunities, generation of income amongst oth-
ers. In the production of crops, water is one of the major factors 
required for crops growth and productivity. The water needed 
by crops is provided by natural sources such as rainfall, dew, 
ground water etc. But where the natural sources of water are 
inadequate to support crop production, the need then arise for 
irrigation agriculture. Irrigation is defined as an artificial applica-
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tion of water to soil for the purpose of supplying the moisture 
essential in the plant root-zone to prevent stress that may cause 
reduced yield and/or poor quality of harvest of crops [50]. Sa-
hadrabudhe, [53] maintained that, irrigation is a systematically 
developed knowledge based on handling of available water 
resources for economic growth resulting in bumper harvest. 
The author observed irrigation practices to include; trapping 
and taping of sources of water supply, conveying stored water 
effectively to the field, drainage of surplus and using the sup-
ply of water economically for the bumper crop production. 
The author also stated that irrigation can be divided into two 
phases, namely: engineering phase and agricultural phase. The 
agricultural phase is concerned mainly with the use of water 
economically for bumper crop production. [52] identify various 
types of irrigation methods to include; surface irrigation, sub-
surface irrigation, drip irrigation and smart irrigation. Irrigation 
has long played a key role in feeding the expanding world popu-
lation and is expected to play a still greater role in the future. Ir-
rigated agriculture shows significant improvement over rain fed 
agriculture productivity. It provides improved resilience against 
climate variability, improves food security and enhances inten-
sification. Advantages of irrigation as identified by [30] include; 
provision of control over the water as of when to apply and 
method of application, improves people’s standard of living, 
yield of crops and make farmers prosperous. A farmer, in the 
view of [46], is someone who is involved in agricultural produc-
tion and management of the entire crop or animal farm. Differ-
ent sources of water for irrigation include; rivers, lakes, dams, 
wells, boreholes, streams to mention but a few. Irrigated agri-
culture has expanded significantly over the past five decades 
[73]. It seems to be a general consensus improving agriculture 
and enhancing agricultural productivity and remains a key strat-
egy for rural poverty alleviation in most developing countries 
like Nigeria [13].

 Benue state which is regarded as the food basket of the na-
tion is the leading state in terms food production. It is an agrar-
ian zone that produces food all year round both during raining 
and dry seasons to ensure constant food supply to the nation. 
During dry season, farmers indulge in irrigation system of farm-
ing to ensure food productivity. Most farmers in Benue state 
who practice irrigation agriculture live in rural or/and riverine 
areas. Makurdi local government which is the capital city of 
Benue state has river Benue pass through it. This has attracted 
most farmers here to engage in irrigation agriculture and used 
the river as their source of irrigation water. However, others 
used underground waters (boreholes and Wells) for the irriga-
tion.

 Notable food crops and vegetables irrigated includes; to-
matoes, pumpkins, green leaves, rice, maize, groundnut, to-
bacco, pepper, garden eggs, Okro, etc. Most farmers depend on 
irrigated agriculture yet get minimum yield in return.  This is 
attributed to the use of crude tools such as watering cans for 
water supply, untimely of water supply, wrong pattern of water 
supply to the crops, and majorly, the use of unsuitable water 
for irrigation. Unsuitable in terms of pollution, salinity nature 
of the waters, which lead to low yield. Chemical quality of wa-
ter is a significant factor to evaluate the suitability of water for 
irrigation [1]. The composition and concentration of dissolved 
constituents in water determine its suitability for irrigation use. 
Suitability of water for irrigation depended on the effect of min-
eral constituents of water on both the soil and the plant. Irriga-
tion water contains dissolved mineral salts, but the concentra-
tion and composition of the dissolved salts vary depending on 

the source of the irrigation water [33]. The total concentration 
of soluble salts in irrigation water (salinity) can be expressed in 
terms of electrical conductivity for purposes of diagnosis and 
classification. Dissolved salt could result from natural phenom-
enon (eroded rocks, deep sea vocanoes) and anthropogenic ac-
tivities (application of fertilizers, industrial effluents). Dissolved 
salts in irrigation water form ions. The most common salts in 
irrigation water are table salt (sodium chloride, NaCl), gyp-
sum (calcium sulfate, CaSO4), Epsom salts (magnesium sulfate, 
MgSO4), and baking soda (sodium bicarbonate, NaHCO3) (Grat-
tan 2022). Salts dissolved in water forms positive ions (cations) 
and negative ions (anions). The most common cations are calci-
um (Ca2+), magnesium (Mg2+), and sodium (Na+) while the most 
common anions are chloride (Cl_), sulfate (SO4

2-), and bicarbon-
ate (HCO3

-). Dissolve salt (saline water) has adverse effect (toxic) 
to some fruit trees, vegetables and other cultivations. Salinity 
reduces the plants’ water uptake, increasing the osmotic poten-
tial and the force to absorb water, decrease the plants’ growth 
rate, photosynthesis rate, and stomatal conductance [25]. The 
increase in salinity level reduces the photosynthesis rate due 
to the lower stomatal aperture [57], the depression in specific 
metabolic processes in carbon uptake, the inhibition in photo-
chemical capacity or a combination of these phenomena. Too 
much salt can reduce or even prohibit crop production while 
too little salt can reduce water infiltration, which indirectly af-
fects the crop productivity [33]. Other related toxic ions present 
in irrigation water include; Chloride, sodium and boron. These 
are absorbed by the roots and transported to the leaves where 
they accumulate in much quantity resulting into leaf burn and 
leaf necrosis. Also, direct contact during sprinkling of water 
drops with a high chloride content may cause leaf burn in high 
evaporation condition [48]. Thus, alongside other factors, most 
irrigation water may contribute to low yield of farm produce un-
less ascertained. Hence this calls for the   assessment of surface 
and underground water quality for irrigation in some selected 
parts of Makurdi metropolis.

Materials and Methods

Study Area

Makurdi is located in Benue state north central Nigeria. It 
is bounded by latitude 70 43’ 55.7472’’N and longitude 80 32’ 
20.9184’’E. It is located within the middle Benue trough and 
covers an area of about 370 km2. It is accessible by Makurdi 
Rafia road and intra state road such as Makurdi Otukpo road, 
Makurdi Gboko road. The annual rainfall depth ranges from 

Table 1: Physicochemical parameters of surface water.
Samples pH Parameters EC (dS/m) TDS (mg/L) Cl- (meq/L)

Sample A 7.4±0.20 0.07±0.0013 30.33±0.38 1.35±0.25

Sample B 7.4±0.21 0.07±0.0008 29.53±0.25 1.28±0.25

Sample C 7.4±0.19 0.06±0.0006 27.4±0.33 0.96±0.29
Key
Sample A- River water behind Wadata 
Sample B- River water behind BSU
Sample C- River water opposite Air force Base

Table 2: Physicochemical parameters of underground water.
Samples pH Parameters EC (dS/m) TDS (mg/L) Cl- (meq/L)

Sample D 7.2±0.19 0.36±0.003 129.6±0.43 2.09±0.09

Sample E 7.7±0.14 0.32±0.0005 95±15.80 1.12±0.09

Sample F 7.9±0.99 0.35±0.003 129±0.82 1.96±0.25
Key
Sample D- underground water in Wadata settlement
Sample E- underground water behind St. Thomas Anum  
Sample F- underground water opposite Air force Base
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about 1200 mm to1500 mm with an average depth of about 
1350mm. Temperature are generally very high during the day, 
particularly in March and April. Makurdi records average maxi-
mum and minimum daily temperature of 35 0C and 21 0C during 
the rainy season and 37 0C and 16 0C during the dry season, 
respectively [9].

Sample Collection 

Water samples (surface and underground) were collected at 
six (6) different locations within Makurdi metropolis with a total 
of six (6) samples, in the month of May, 2023. The surface water 
was collected along river Benue within Makurdi metropolis; be-
hind Wadata settlement (point A), behind Benue state univer-
sity campus (point B), and after air force base (point C). While 
underground water was collected at; Wadata market (point 
D), behind St Thomas Anum, (point E) and after Air force base 
(point F). All the samples were fetched and stored in the plas-
tic sample containers. The sample containers were pre-washed 
with ordinary water, and then with dilute hydrochloric acid HCl, 
and finally with distilled water. Prior to fetching the sample, 
the sample containers were washed twice with the water to be 
sampled. It was then filled to overflow and tightly sealed.  The 
samples were taken to the laboratory and subjected to various 
analyses.

Sample Analysis

pH

The pH of the samples was analyzed using a digital pH meter 
(Eutech Instrument, pH 700).  A 400 ml beaker was first rinsed 
with distilled water and finally with the sample to be analysed. 
The probe of the pH meter was inserted in the beaker contain-
ing the sample to be analyzed and stable pH value was read. 
The experiment was performed three times and average with 
standard deviation reported.

Electrical Conductivity (EC)

Electrical conductivity of the sample was determined us-
ing electrical conductivity meter (Primo 5 electrical conductiv-
ity meter). A 250 ml beaker was properly rinsed with distilled 
water and finally rinsed with the sample to be analysed, it was 
then filled with the analyte, the probe of the EC meter was in-
serted in the beaker containing the analyte and stable EC value 
was read. This was repeated three times and average with stan-
dard deviation reported.

Total Dissolve Solid (TDS)

In determination of total dissolve solid, a watch model TDS 
meter was used. The probe of the meter was inserted in a 250 
mL beaker containing the sample to be analyzed, after the bea-
ker was rinsed with distilled water, and a stable value was read. 
The experiment was done three times and the mean as well as 
the standard deviation were reported.

Chloride (Cl-)

Chloride was determined using silver nitrate titrimetric meth-
od where potassium chromate was used as an indicator. 10 mL 
of the sample to be analysed was measured into a beaker, and 
1 ml of potassium chromate (K2CrO4) was added into the beaker 
containing the sample. A portion of silver nitrate AgNO3 was ti-
trated against the solution, drop by drop, until a colour change 
was observed which indicate the end point of the titration. The 
average volume of silver nitrate used was recorded. 

Equation for the reaction 2AgNO3(aq) + K2CrO4(aq)  
Ag2CrO4(aq) + 2KNO3(aq)

Hence the value of the chloride was calculated using the ex-
pression; 

Where V= volume of titrant

M = molarity of the titrant and 

S = volume of sample used.

Results and Discussion

Results

Result of assessment of surface and underground water is 
shown below in Table 4.1 and 4.2.

The table above shows the result of some physicochemical 
parameters for the surface water. All the results were obtained 
following systematic analysis using different methods and ana-
lytical instruments as explained in the previous chapter. From 
the table above it can be seen that the pH for the surface water 
is constant with a value of 7.4 for all the samples. In a similar 
way EC is also constant with a value of 0.07 dS/m except for 
sample ‘C’ which has a value of 0.06 dS/m. Finally, the values 
for TDS decreases gradually from sample ‘A’ to ‘C’ and the same 
trend can be seen in the values of Cl-.  

The table above shows the results of some physicochemical 
parameters of underground water. All the results were obtained 
following systematic analysis using different methods with dif-
ferent analytical instruments as explained in the previous chap-
ter. From the table, it can be inferred that, the pH increases 
from sample ‘D’ to ‘F’ while EC, TDS and Cl- does not follow a 
particular trend.

Table 3: Combined results for the physicochemical parameters of 
surface/underground water and FAO Standard.

Samples pH
Parameters Surface 

EC (dS/m)
water TDS 

(mg/L)
Cl- (meq/L)

Sample A 7.4±0.20 0.07±0.0013 30.33±0.38 1.35±0.25

Sample B 7.4±0.21 0.07±0.0008 29.53±0.25 1.28±0.25

Sample C 7.4±0.19 0.06±0.0006 27.40±0.33 0.96±0.29

Underground water

Sample D 7.2±0.19 0.36±0.003 129.60±0.43 2.09±0.09

Sample E 7.7±0.14 0.32±0.0005 95.00±15.8 1.12±0.09

Sample F 7.9±0.99 0.35±0.003 129.00±0.82 1.96±0.25

FAO Standard

Potential 
irrigation 
problem

unit
Degree of 
restriction

None
Slightly to 
moderate

Severe

EC dS/m <0.7 0.7-3.0 >3.0

TDS mg/L <450 450-2000 >2000

Cl- meq/L <4 10-Apr >10

pH Normal range

6.5-8.4
Key
Sample A- River water behind Wadata 
Sample B- River water behind BSU
Sample C- River water opposite Air force Base
Sample D- Underground water in Wadata settlement
Sample E- Underground water behind St. Thomas Anum  
Sample F- Underground water opposite Air force Base
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FAO- Food and Agricultural Organization 

The table above shows a comparative result for both surface 
and underground water. From the table it can be seen that, pH 
values for the underground water are slightly higher than those 
of surface water except for sample D with a lesser value of 7.2. 
All other parameters for underground water have higher values 
compare to surface water.

Discussion 

pH

The pH concentration in all the sampled point of the surface 
water has the same mean value of 7.4. The mean pH value in-
dicates that the river across the points of collection is not acidic 
but slightly alkaline. This value falls into the acceptable stan-
dard range (6.5-8.4) of irrigation water set by FAO. In a similar 
way the mean pH value for underground water ranges from 7.2-
7.9. The pH values indicate that the underground water across 
the point of collection is slightly alkaline. However, the values 
also fall within the acceptable range of 6.5-8.4 set by FAO for 
irrigation. A comparism of the pH between surface and under-
ground water showed that, the underground water has a pH 
concentration slightly above the surface water though both falls 
within the acceptable range. Thus, the result obtained shows 
that, both the surface/underground water from the sampled 
points is suitable for irrigation. This result is in agreement with 
that of Bing, et al [17] with a mean value of 7.93 for surface 
water and 7.21 for underground water, but different from that 
of Adeyemi et al [6] with a mean value of 6.89. For the range of 
pH obtained from the above result, crops such as Okro (pH 6.0 
-7.5), Spinach (6.5 -8.0) and garden egg (pH 5.5 -7.5) as can be 
seen in table 4.4 above, are most suitable to be grown in other 
to produce maximum yield.

Electrical Conductivity (EC)

The electrical conductivity EC of the surface water has mean 
values of 0.06 S/m 0.07 S/m and 0.07 S/m for sample A, B, and 
C respectively. The EC can be said to be fairly constant. This im-
plies that, the salt concentration at the various points is fairly 
uniform. This value fall into the acceptable limit base on the 
degree of restriction as recommended by FAO. However, the EC 
still posed adverse effect on plant, this is because according to 
Grattan, (2022) low EC values of less than 0.3 dS/m are likely to 
cause infiltration problems. Low EC may severely affect plant 
health and yield [37], under such circumstances it is not pos-
sible to maintain good crop development conditions and obtain 
high yield. The low EC values may mean that, the river is a fresh 
water source. Again, the time in which the research was carried 
out could also contribute, since the salt ions could get diluted 
with increased in water volume of the river. On the other hand, 
the EC of underground water have mean values of 0.32dS/m, 
0.35dS/m, and 0.36dS/m increasing from sample D< E< F re-

spectively. This could be attributed to the soil formation which 
adds salt ions in the water progressively from point D to F. This 
value falls into the acceptable range of < 0.7 dS/m prescribe by 
FAO. This shows that the underground water is more suitable 
for irrigation compare to surface water. Thus, following the re-
sult above, it is advisable that the underground water should be 
used for irrigation instead of the river water in other to achieve 
maximum yield. The range of values of the above EC is most 
suitable to irrigate crops such as carrot (EC=0.7 dS/m), beans 
(EC= 0.7 dS/m), and garden egg (EC= 0.7 dS/m) to obtain a maxi-
mum yield in reference to table 4.4 above.

TDS

The Total Dissolve Solid (TDS) of the surface water range from 
27.4 mg/L-30.33 mg/L. The higher value (30.33 mg/L) for sample 
‘A’ could be as a result of residential (urban) runoff which could 
deposit organic and inorganic substances in the river water. It 
could also be attributed to the interaction of water with rocks 
found within the sampled area [1]. These values fall within the 
permissible limit of <450 mg/L recommended by FAO, and they 
have no restriction to use for agriculture. This value is related to 
that of Adeyemi, (2019) with a TDS of 38.80 mg/L but different 
from Kundu [41] with a TDS mean value of 523.23 mg/L. The 
large different is attributed to the higher concentration of the 
dissolved organic and inorganic content in the surface water of 
the later. On the other hand, underground water has the TDS 
mean values range 95.00 mg/L- 129.60 mg/L. The highest value 
129.60 mg/L recorded at point ‘D’ could means that high rate of 
geochemical reactions takes place at this point [8] (Yetiş et al., 
2019). These values also fall within the acceptable range of 
<450 mg/L recommended by FAO for irrigation purpose. These 
values here disagreed with that of Abbasnia, [1] with a TDS of 
300 mg/L- 6310 mg/L attributed to high enrichment of salts in 
the water. A comparison of the surface and underground result 
shows that, underground waters have higher TDS than surface 
water. This could be as a result of the geological formation/
weathering of the underlining rocks or dissolution of soil across 
the sampled point generating ions in the water [8] (Yetiş et al., 
2019). Even though underground water has higher TDS value 
compare to surface water, both can be conveniently used for 
irrigation. With the result above, Spinach (TDS of<335mg/L) as 
can be seen in table 4.4 is the suitable crop that can produce 
maximally with such range of TDS.

Chloride (Cl-)

From the table above, the mean values of chloride ranges 
from 0.96 meq/L - 1.35 meq/L. This shows that there is low con-
centration of chloride ions in the river water. These values fall 
within the acceptable limit of <4 meq/L base on the degree of 
restriction proposed by FAO. In a similar way, underground wa-
ter recorded results with the range of values from 1.12 meq/L 
- 2.09 meq/L. This also falls within the acceptable limit recom-
mended by FAO. The chloride concentration in the underground 
water is slightly above that of surface water this could be as a 
result of salt trapped in the underlining parent material. Both 
results are similar to the findings of Bing et al., [17] with a mean 
value of 1.55 meq/L but contrary to Kundu [41] with a mean val-
ue of 7.01 meq/L. This result shows that, both the surface and 
underground water in the sampled areas can be conveniently 
used for irrigation. Suitable crops that should be irrigated with 
such water for maximum yield include; carrot (3.45 meq/L - 
4.93 meq/L), beans (3.45 meq/L – 4.93 meq/L), and Onion (3.94 
meq/L -4.93 meq/L), see table 4.4.

Table 4: Different crops with their optimum pH, EC, TDS, and Cl-.
Crops pH EC (dS/m) TDS (mg/L) Cl- (meq/L)

Onion 6.0 7.0 0.8 900 -1200 3.94 -4.93

Garden egg 5.5 -7.5 0.7 900 -1000 3.45 -4.00

Beans 6.0 -6.5 0.7 1400 -2800 3.45 -4.93

Carrot 5.5 -6.5 1 1120 -1400 3.45 -4.00

Okro 6.0 -7.5 2.00-2.40 1400 -1600 9.86 -11.83

Sugar cane 6.0 -7.0 1.7 900 -1100 8.38 -9.86

Spinach 6.5 -8.0 1.4 -1.8 <335 6.89 -8.87
The table above shows some selected crops with their range of values for pH, 
EC, TDS, and Cl-, within which they produced maximally, [4,20,33,38,67].
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Conclusion 

The assessment of surface and underground water quality 
in some selected parts of Makurdi metropolis was successful 
carried out. This was to ascertain the quality of surface and un-
derground water used for irrigation in the stated area, and to 
see whether the water is suitable for irrigation, leading to maxi-
mizes yield, thus, tackling the problem of food security arising 
as a result of increasing population. In respect to the measured 
parameters, the result shows that the sampled water has good 
quality as of the time of this research and can be used effec-
tively for irrigation. However, the EC of surface water posed a 
threat to crops which may cause infiltration problem, reduce 
crops growth and yield if not properly managed.  Thus, it be-
comes important to routinely check these sources of water to 
ensure their good quality and suitability for irrigation, for this 
will maximum food production, cut down poverty rate, gen-
erates employment opportunities, boost the economy of the 
farmers and increase the GDP of the country.

Recommendations

In respect to the research carried out, the following recom-
mendations are made and if considered, will help to maximize 
food production in other to cope with the increasing popula-
tion. 

This research should be carried out in other parts of the 
state, nation and worldwide to ascertain the quality of irriga-
tion water to enhance maximum food production. The research 
should be routinely carried out at least every quarter of the 
year to understand the variation in the physicochemical param-
eters of the water. When parameters in one source of irrigation 
water is found above the thresh hold limit, it should be treated 
before use, or other sources of water should be explore. Farm-
ers should ensure growing appropriate plant species that can 
tolerate ambient water salinity. Industries should ensure proper 
treatment of their effluent before disposing it into water bod-
ies.
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