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Abstract: The study was carried out on farms around Kwalkwalawa Fadama area along Usmanu Danfodiyo University,
Sokoto to assess the effect of irrigation water sources on the chemical properties of soils. The experiment consisted of
three (3) treatments (Well, river and combined sources of well and river). Water samples were taken and analysed for pH,
EC, SAR and Exchangeable bases to assess the quality of the water used for the irrigation. Soil samples was also
collected for at 0-20 cm depth and analyzed for similar parameters including CEC. The result indicated that the water is
adequate for irrigation and chemical properties the soil was influenced by application of different irrigation water source.
Keywords: Irrigation, Water Quality and Soil Chemical Properties.

INTRODUCTION

The outlook for the food security of many
developing nations is a cause for serious concern. To
overcome this problem, alternative strategies and
options to increase food production, ensure maximum
utilization of limited land, and use of appropriate
technologies need to be considered. One option includes
that of opening up more land for crop production
through irrigation in the arid and semi-arid lands
(Adhan, 2009; Ndegwa and Kiiru, 2012). Arid and
semi-arid regions are characterized by
evapotranspiration that exceeds precipitation during the
largest part of the year. Therefore, agriculture in these
regions relies on irrigation to achieve satisfactory yields
(Jimenez-Cisneros, 1995). Irrigation water is obtained
from groundwater, surface streams, artificial and natural
sources. Ayers and Wescot (1994) argues that a major
concern of irrigation in agriculture is that irrigation and
drainage systems generate problems that make them
unsustainable. Some of these problems include
salinization,  alkalization, = water  logging and
acidification. It has been estimated that up to 20% of
irrigated lands in the world are affected adversely by
different levels of salinity and sodium contents (Feizi,
1993).

This study aims at accessing the effects of the
major irrigation water sources on the chemical
properties of soils at Kwakalawa irrigation farms,
Sokoto state, Nigeria.

METHODOLOGY
Study Area:

The study was carried out during the 2018 dry
season at KwalkwalawaFadama area. The area lies
along the Rima River flood plain in Wammako, Sokoto,
Sokoto state of Nigeria. Sokoto is located in the Sudan
Savannah ecological zone of Nigeria on Latitude
13°%1°N, Longitude 5°15°E and at an altitude of about
350 m above sea level. The climate of the area is semi-
arid with mean (20 years) annual rainfall of about 645
mm (Sokoto Energy Research Center (SERC, 2012).

The treatments consisted of the two major
irrigation water sources identified in the study area (i.e.:
River and well irrigation sources. It was also gathered
that some farmers make use of both sources at different
times. Hence, there were three treatments: River (R),
Well (W) and Combined sources (RW).

Water quality assessment was conducted by
collecting samples of water from the two identified
sources (i.e. three wells were used as replicate for well
water, while for river; samples were from three
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different points along the river within the study area
catchment) and evaluated in the laboratory for: pH,
Electrical  Conductivity, = Sodium,  Magnesium,
Potassium, Calcium and Sodium Absorption Ratio. The
result obtained was compared with the guidelines on the
assessment of irrigation water as given by Ayers and
Westcot, (1994).

Simple random sampling technique was
adopted in the collection of soil samples. The samples
were collected in replicates from three farms each
receiving a particular water source (river, well and
combined) for its irrigation. Sampling was made at the
depths of 0-20cm.

The soil samples was air dried, crushed, sieved
using 2mm diameter sieve and analysed for;
Soil pH: The pH of the samples will be determined
using the Electrometric method (Glass Electrode) in a
1:1 soil-water solution.

Electrical Conductivity: The electrical conductivity
was determined using the conductivity cell by
measuring the electrical resistance of a 1:5 soil-water
suspension (Rayment and Hagginson, 1992).

Exchangeable Bases: Exchangeable calcium and
magnesium were determined using the EDTA titration

RESULTS AND DISCUSSION
Irrigation Water Quality

method, while exchangeable sodium and potassium
were read using flame photometer (Black et al., 1934).
Sodium Absorption Rate: The Sodium Absorption
Rate was calculated on the basis of the standard
equation as outlined by Richards, (1954). The equation
is given below:

Na

/Ca + Mg
2
Organic Carbon:

The organic carbon of the samples was
determined using the Walkley Black method (Walkley
and Black, 1934).

SAR =

Available Phosphorus:
Available phosphorus was determined using
the Bray-1 method (Bray and Kurtz, 1945).

Cation Exchange Capacity:
The CEC was
ammonium acetate saturation.

determined using the

Statistical Analysis:

Data obtained was subjected to analysis of
variance (ANOVA) using statistic 9.0 analytical
software. Means were separated using least significant
difference (LSD) test at 5% level of probability.

Table 1.0: Properties of irrigation water from River and Wells at Kwakwalawa Fadama, Sokoto

Parameter Water Source Sample Mean
1 2 3

pH River 5.65 5.75 5.72 5.71

Well 6.14 6.29 6.20 6.21

EC (dSm™) River 008 | 011 | 017 0.12
Well 1.60 1.84 1.71 1.72

Sodium (cmolkg™) River 0.04 0.09 0.17 0.10
Well 3.04 3.30 3.17 3.17

Potassium (cmolkg™®) River 0.08 0.10 0.13 0.10
Well 0.18 0.13 0.21 0.17

Calcium (cmolkg™) River 0.65 0.80 0.85 0.77
Well 1.95 1.80 2.05 1.93

Magnesium (cmolkg™) River 2.80 2.15 2.00 2.31
Well 4.25 5.00 4.00 4.42

SAR River 0.03 0.07 0.14 0.08

Well 1.73 1.79 1.83 1.78

EC: Electrical conductivity, SAR: Sodium Absorption ratio

Table 1: presented result on the properties of
irrigation water from Kwalkwalawa Fadama area
Sokoto. The result indicated that the mean pH values of
water from river and well respectively, were slightly

acidic which is within the adequate pH range for
irrigation water (Lucia, et al., 2018).
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The electrical conductivity (EC) values for
river and well were low and moderate respectively.
According to Lucia et al., (2018), EC values <0.70 is
adequate for irrigation, 0.70- 6.50 is warning while >
6.50 is extreme restriction. Therefore, the EC value of
the water from river have indicated no risk of salinity
while continuous use of water from the well in the study
area is attributed to potential salinity problem and
adverse effect to crop production.

The mean value for Sodium Adsorption ratio
(SAR) from river and well indicated an unlikely
occurrence of sodium hazard. According to Lucia, et
al., (2018), SAR value < 3.00 is adequate for irrigation,
3.00 — 9.00 is warning and > 9.00 is under extreme
restriction. The SAR express the toxicity effect of
irrigation water on crops and degradation effect on soil
fertility due to sodium ions.

Table 2: Effects of Irrigation Water Sources on Soil Chemical Properties

Exchangeable Bases
Treatment | pH O//kC Avail. P. g/kg cmolkg™ cn?olflf 1| EC | SAR
9’kg Ca Mg Na K g
Well 597 | 1.31° 0.99° 2.27° 2.37 0.46° 0.25° 1453° | 0.23 | 0.32°
River 5.74% | 1.41° 0.91® 2.58° 2.67 0.58° 0.56° 10.93° | 0.20 | 0.36°
Combined | 5.72° | 2.28? 0.88" 1.52P 2.08 1.473 1.14° 8.40b° | 0.34 | 1.09

O/C: organic carbon, CEC: Cation exchange capacity, EC: Electrical conductivity, SAR: Sodium Absorption ratio

Table 2: presented the result on the effect of
irrigation water sources on soil chemical properties at
Kwalkwalawa Fadama, Sokoto. The result indicated
that different water sources for irrigation have
significant effect (P<0.05) on almost all the considered
soil chemical properties.

Soil that received water from well recorded the
highest pH value, this was however, statistically similar
(P<0.05) to soils irrigated with river water. The lowest
pH value was recorded in soil with combined water
sources (river and well). The high pH value due to well
water irrigation could be attributed to the direct addition
of basic cations to the soil (Table 1). Hailu et al., (2003)
and Getaneh et al, (2007) reported significant change in
pH of soils upon irrigation with different water sources.

Irrigation water sources had a significant
influence (P <0.05) on the cation exchange capacity
(CEC) of soil. Maximum mean CEC value was
obtained from soils under well water irrigation followed
by farms receiving river water which was statistically
same to soils irrigated with combined well and river
water. The overall high CEC in the irrigated farmlands
could be attributed to the transportation of
exchangeable cations to the soils by erosion (Getaneh et
al., 2007) or due to the increase in the organic matter
content resulting from continuous irrigation (Denef et
al., 2008).These findings are in line with Adejumobi et
al., (2014) who reported a significant change in CEC
after irrigation at OMI Irrigation Scheme.

Electrical conductivity of the soil was not
significantly influenced (P >0.05) due irrigation with
different water sources. However, the higher EC values
from the combined sources may be due to the effect of
the salt content of wells used for irrigation during the
dry season (Hakim et al., 2009). Irrigation plays a role
of promoting leaching of salts (Valenzo et al., 2001).
This could be the reason for the generally low EC
values obtained from the study area. The low EC values
are in line with Richard (1954) who reported a decrease

in the EC level through leaching on irrigated soils. In
general the EC values suggest that there is no
accumulation of soluble salts to the depth sampled to
such an extent that can limit crop production. This was
supported by FAO, (2014) who reported EC of (<0.8
dS/m) as low in range, to cause any salinity hazards.

Irrigation  water ~ sources  significantly
influenced (P< 0.05) the sodium adsorption ratio of the
soil at Kwalkwalawa Fadama, Sokoto. However, all the
SRA values fall below the toxicity margin (6). The low
SAR values may be attributed to the chemical
properties of the irrigation water sources which show a
dominance of calcium and magnesium ions to that of
sodium. Quirk (1971) reported that the relative amounts
of cations (Ca, Mg, and Na) in the exchange sites of the
soil particles determine the effect of salts on the soil.
Increasing sodicity hazards may be associated with
values exceeding 6 (Yahaya et al.,, 2016). Soils
irrigated with combined water sources recorded the
highest SAR Value and was statistically at par to those
soils irrigated with river or well’s water alone.

Based on the findings from this research it was
concluded that; farmers in Kwalkwalawa fadama,
Sokoto uses more than one source of water for
irrigation and that the water is of adequate quality with
limited risk for acidification, salinization and sodicity
problem to the soil in the production farms. However,
continuous use of the water from well is attributed to
those risks mentioned. The chemical properties of the
soil was found to be influenced (P<0.05) due
application of water from different irrigation sources.

RECOMMENDATIONS

The Following Are The Recommendations Based On

The Study:

» Regular analysis of water used for irrigation is very
necessary in order to monitor its salt contents.

» Frequent monitoring and analysis of soil should be
carried out to determine the soil’s present state as
influenced by irrigation. This is necessary to
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determine when and what type of management
practices to employ.

Farmers using wells should adopt measures to
manage sodium toxicity. These may include the use
of gypsum and leaching.

Measures should be adopted to prevent the build-up
of salinity especially where well water is used.
These measures may include the use of leaching
and adequate drainage.
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