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ABSTRACT

Studies were conducted to assess the quality of soil and water in Tsamiya irrigation scheme,
Kachako, Kano State. Soil (0 — 20 cm depth) and water samples in 60 cl bottles were
collected randomly from the farmlands and water body in Tsamiya irrigation scheme.
Randomized completely block and completely randomized designs were employed in the soil
and water sampling. Samples were collected in triplicates and subjected to routine analysis
for quality indicators. The quality indicators determined for water and soil samples were pH,
electrical conductivity (EC), total dissolved solids (TDS), boron, carbonates, exchangeable
bases, available phosphorous, organic carbon and total nitrogen. The pH of water ranged
from6.4 to 6.7, EC of water ranged from 0.16 to 0.17 dS m. Total dissolved solids in water
ranged from 121.67 to 126.67 mg I while carbonates ranged from 1.00 to 2.99 mg I".Values
of boron obtained from the water samples ranged from 0.29 to 0.81 ppm while that of the
sodium adsorption ratio (SAR) ranged from 1.20 to 1.52. The soils were moderately acidic
with an average pH value of 6.0, EC values ranged from 0.21 to 0.24 dS m*while low ranges
of exchangeable Na (0.002 to 0.004) were obtained. Salinity class of the soil was within the
non-saline class. The results showed that the water possessed no significant threat to the soil.
Results of the study also indicated that the soils were low infertility, non-saline and non-
sodic. The study showed that both the water and the soil can be used for a wide range of

irrigation activities under good management practices.
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INTRODUCTION

The success of an irrigation scheme is largely dependent on the soil-water quality and the
efficiency of water use. Nearly all irrigation waters contain dissolved salts and trace
elements, most of which result from the anthropogenic activities and weathering of rocks and
minerals [1]. Drainage waters from irrigated lands, effluents from city sewages and industrial
sludge also impact water quality [2]. The primary concern in most irrigation projects is the
salinity levels in the soil and water because high salt content affects the structure of the soil
and crop yield. However, a number of trace elements found in water can also limit its use for
irrigation [3]. High level of exchangeable bases such as sodium and calcium contents in
irrigation water affects the stability of soil structure by causing clay particles to disperse and
block soil pores [4]. This reduces the rate of infiltration and soil permeability which leads to
less leaching consequently accumulation of salts in the rhizosphere in levels that affect crop
productivity and yield [5].

The region of Northern Ni geria is dotted with landscapes that are favourable for
intensive irrigational schemes. Unfortunately, information on these potential irrigation
landscapes is lacking mostly because of the lack of government or private sector interest and
support for the farmers in these areas by way of assessing and documenting the
characteristics of such identified landscapes that have the potential to support intensive
irrigation activities. Tsamiya in Kachako Local Government Area of Kano state is one of
such locations. It has the potential to support large scale of irrigation activities for the
production of crops such as wheat, maize, sweet potatoes as well as vegetables. This potential
is not fully utilised as the farmers on this landscape are mostly into subsistence farming
without any support from the government and private sector. With adequate supply of water,
this site has the potential to support irrigation activities throughout the dry season. But
information on the quality of water and soil is lacking. Nevertheless, for maximum utilisation
and efficient implementation of irrigation scheme in this location, there is the need to assess
the soil and water quality. Therefore, the objective of this study was to appraise the quality of
the soil and water resources of Tsamiya Irrigation scheme and make recommendations for

developing and improving necessary management practices.
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MATERIALS AND METHODS

Study Area

The study area is within the Sudan savannah of the seven agro-ecological zones in Nigeria
[6]. It falls within latitude 11°31°01.9”N and longitude 9°21°11.6”E.The wet season usually
last for 3 to 4 months (i.e., from June to September) with August being the month with the
highest average rainfall of 262 mm while about 743 mm of rainfall is recorded annually. At
an average temperature of 30 °C, April is the hottest month of the year. The lowest average
temperature in the year occurs in January, when it is around 20 °C. The underlying geology
of the area is predominantly coastal plain sediments [7].

Figure 1: Aerial view of Tsamiya water body.

Soil and water sampling

Soil samples were collected randomly from the farmlands in Tsamiya irrigation scheme in
triplicates. The soil samples were collected at a depth of 0-20 cm, using an Edelman clay
auger. The soil samples collected from three locations within the study area were stored in a
clean polythene bags which have been properly labelled. Three water samples were also
collected from the upper middle and lower part of the dam inside a labelled clean 60 cl plastic

bottle using dipping method.
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Water Analysis

The water samples collected were analysed for pH, EC, total dissolved solids (TDS), Na, K,
Ca, Mg, B, COz* and HCO®. Each water sample was analysed for the water quality
indicators. The pH and EC were determined on pH meter and conductivity meter (at 25°C),
respectively. Total dissolved solids were determined by evaporation-drying method. Sodium

adsorption ratio was calculated by the following formula:

S AR = e (a)

Residual sodium carbonate was calculated using the following formula:

RSC = (€CO5*™ + HCO37) (b)
Where, the ionic concentrations were in mgl™. Boron was determined by the colorimetric
method, while Ca and Mg were determined using an Atomic Absorption Spectrophotometer.
Potassium and Na were determined by flame photometry. CO3s?and HCO®*were determined
by simple acidimetric titration in the presence of phenolphthalein for COs%*at pH >8.5, and
then in the presence of methyl orange for HCO®*at pH <6.0 [8].

Soil analysis

The pH in H2O was determined electrometrically using a glass electrode pH meter in a solid-
liquid ratio of 1:2.5 while organic carbon (OC) was determined using Walkley-Black wet
oxidation method as described by Nelson and Sommers [9]. Available P was extracted using
Bray-1 method as outlined by Pansu and Gautheyrou [10]. Phosphorus in the extract was
determined colometrically by the molybdate-phosphoric-blue method using ascorbic acids as
a reducing agent [11]. Total N was determined by micro-Kjeldahl digestion technique method
[12]. Exchangeable bases (Ca, Mg, K and Na) were extracted using the method described by
Anderson and Ingram [13]. Potassium and Na in the extracts were determined using flame
photometer (Jenway PFP7) while Ca and Mg was determined using atomic absorption
spectrophotometry (Buck 211VGP, USA). Cation exchange capacity was determined using

the electro-dialysis procedure as described by Anderson and Ingram [13].

Experimental Design and Data Analysis
Randomized completely block design (RCBD) was employed in soil sampling while water
was sampled using completely randomized design (CRD) as the experimental layout. One-

way analysis of variance (ANOVA) was carried out using SAS software package version 9.1
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to evaluate the parameters of the irrigation water and soil. Mean separation for significant

means was carried out using least significant difference.

RESULTS AND DISCUSSION

Chemical properties of water

The chemical properties of irrigation water are presented in Table 1. The pH of the irrigation
water used within the study area were observed to be moderately acidic to neutral pH (6.43—
6.70) with mean value of 6.55.

Table 1: Chemical properties of irrigation water at Tsamiya Irrigation Scheme

Water Quality Parameters Sample 1 Sample 2 Sample 3 SE
pH 6.7 6.5 6.4 NS
EC (dSm™) 0.16 0.17 0.16 NS
TDS (mg 1) 126.672 125.33? 121.67° +0.92
Boron (ppm) 0.81° 0.29° 0.47° +0.08
Carbonates (mg 1)

COs* 1.21° 1.00° 1.722 +0.220
HCOs 2.50° 1.50° 2.992 +0.210
Exchangeable bases (mg 1)

Ca 5.812 4.11° 3.94P +0.330
Mg 3.972 2.13° 2.02° +0.340
K 1.87 1.07 2.20 NS
Na 3.36% 2.20° 2.95P +0.170
SAR 1.522 1.25° 1.20° +0.060

Means with the same letters are not significantly different at p< 0.05, where letters in superscript
represent the mean rankings of the water quality parameters of the three samples. SAR denotes sodium
adsorption ration; TDS denotes total dissolved solids; EC denotes electrical conductivity

The electrical conductivity of the irrigation water ranged from 0.16-0.17 dSm™ which was
observed to be very low and therefore not susceptible to salinity. The total dissolved solids
(TDS) ranged from 121.67-126.67 mg I". However, the TDS was observed to be very low
indicating that the irrigation water does not contain high level of soluble salts, which might
invariably affect the soil’s ability to supply water and nutrients.

The mean values of the pH fell within the range of 5.65-7.39 reported by Omar and
Nzamouhe [14] for irrigation water in Warwade Irrigation Scheme, Jigawa State. However,
for pH outside this range, appropriate steps should be taken to avoid the negative influence in
the soil and plant. This however, lead to the classification of the irrigation water in the non-
saline class (C1) as described by Schoeneberger et al. [15]. The mean value (0.12 dSm) was

lower than the mean value of 0.23 dSm™ reported by Omar and Nzamouhe [14] in a similar
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study area. This is also higher lower than the mean value of 0.19 dSm™ as reported by Aliyu
et al. [16] in water used for irrigation in Galma irrigation project.

The mean TDS value of 124.56 mg I* was higher than the mean value of 69.26 and
104.50 mg I'* in Oba and Ora river, Ogbomoso, Southwest Nigeria as reported by Abegunrin
et al. [17]. However, this was lower than that of Aliyu et al. [16] who reported a mean value
of 134.4 mg I* in Galma floodplain, Kaduna State. However, Omar [18] reported that the
increase in TDS may be in connection with the increase in pH value of irrigation water.

The boron concentration ranged from 0.29-0.81 ppm with a mean value of 0.52 ppm
which is considered to be non-toxic to plant as described by FAO [19]. This was however
lower than that of JARDA [20] with a mean value of 0.014 ppm while Omar and Nzamouhe
[14] reported a higher boron concentration in Warwade Irrigation Scheme with a mean value
of 4.91 ppm which was attributed to the naturally occurring boron present in the groundwater
primarily as a result of leaching from rocks and soils containing borates and borosilicates
[21].

Carbonate and bicarbonate concentrations in all the irrigation water considered ranged
from 1.00 to 1.72 mgl? (mean value = 1.31 mgl?) and 1.50-2.99 mgl? (mean value = 2.33
mgl?) respectively and are found to be safe for irrigation activities as rated by FAO [22]. In
this regards, it is safe to say that the water has no degree of restriction in use and therefore, a
permeability problem is not expected to occur. More so, there will be little or no precipitation
of calcium carbonate and magnesium carbonates from the soil solution as described by
Aghazadeh and Mogaddam [23]. This is in also in conformity with the findings of JARDA
[20] and Omar and Nzamouhe [14] in a similar study area.

The concentration of sodium (Na) in the irrigation water was generally very low. The
values ranged from 2.20-3.36 mgl? (mean value = 2.84 mgl™t). The values were below 50
mgl* which means that sodicity problem is not expected.

Potassium (K) concentration in water ranged from 1.07-2.20 mgl? (mean value =
1.71 mgl™?). The high value could be in connection to the application of inorganic fertilizers
like NPK fertilizer in large quantity which invariably leads to the leaching of these minerals
into the water and thereby causing the build-up of K in water. The FAO safe range is 0-2
mgl? [22]. Notably, the mean value of K was found to be within the standard range in the
water and could be sued for irrigation activities but, however, the build-up of K should be

closely monitored as it could lead to K toxicity over time.
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The concentrations of Ca and Mg in the water were found to be low with mean values of 4.62
and 2.71 mgl™t. They were within the threshold class of low salinity described by FAO [22].
The ratio of Ca:Mg was greater than one. Generally, the result showed low concentration of
magnesium in the water. However, it is safe to say that salinity problem should not be
expected. The low values obtained for Ca and Mg resulted from the slightly acidic pH,
because according to Oiganji et al., [24] soils with pH values ranging from neutral to slightly
alkaline are associated with high values.

The Ca:Mg ratio of the irrigation water was found to have a mean value of 1.86 which
implied that the effect of Na in the irrigation water was reduced since Ca:Mg ratio was
greater than one and this irrigation water is dominated by Ca. This is also in agreement with
the findings of Rahman and Rowell [25], Singh [26], and Omar and Nzamouhe [14]. Even so,
since the ratio of Ca and Mg in the irrigation water in all the locations was >1, the effect of
Na may be reduced and Ca was found to be the dominant cation in the irrigation water. This
indicates that the water is safe for irrigation activities. More so, the higher the ratio, the less
damaging is the SAR or Na concentration and this is in conformity with the findings of
Rahman and Rowell [25], Omar [27], and Omar and Nzamouhe [14].

The computed values of the sodium adsorption ratio (SAR) ranged from 1.20-1.52
mgl?* with mean value of 1.32 mgl? and were rated low against FAO [22] scale and was
considered non-sodic and therefore safe for irrigation activities. More so, it is safe to say that

the irrigation water falls in S1 or low Na class as shown in Table 2 below.

Table 2: Classification of water based on USSL sodium hazard for irrigation

Sodium hazard class Range Water Class
S1 <10 Excellent
S2 10-18 Good

S3 18-26 Doubtful
S4 >26 Unsuitable
FAO [22]

The mean value (1.32 mgl™?) was lower than the mean value of 6.32 reported by Aliyu et al.,
[16] in Galma floodplain of Zaria. This was also lower than the mean value of 3.58 as
reported by Tsuzom and Olaniyan [28] in the irrigation water of Nasarawa — Kakuri area of

Kaduna State. However, the lower concentration of SAR in the irrigation water might be in
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connection to the high ratio of Ca and Mg in the irrigation water as reported by Omar and
Nzamouhe [14].

Chemical properties of soil

The soil pH readings across the study area were moderately acidic to slightly acidic and
ranged from 6.0-6.1 with a mean value of 6.03. The reports of JARDA [20] and Oiganji et
al., [24] indicated that similar soils in Jigawa and Niger states were found to be moderately
acidic (5.60-5.84) and slightly acidic (5.5-6.3). The low pH may be associated with the silica
rich parent materials of the soils [29]. The moderate acidity of the soils may also be
connected with the leaching of exchangeable bases as a result of constant ponding of the soils
through irrigation activities and seasonal flooding in the area [14]. Therefore, it is important

to note that some plant nutrients may not be readily available in the soils of the study area.

Table 3: Chemical properties of irrigated soil in Tsamiya Irrigation Scheme

Soil parameters Site 1 Site 2 Site 3 SE (%)
pH 6.1 6 6 NS
EC (dSm™) 0.22 0.21 0.24 NS
Av. P (mgkg™) 0.3? 0.2° 0.3? 0.02
Mg (cmol kg?) 0.522 0.056" 0.062" 9.37
K (cmol kg™) 0.035 0.028 0.049 NS
Ca (cmol kg™) 0.022 0.012 0.013 NS
SEB (cmol kg™) 0.598? 0.108° 0.227° 1.72
TN (gkg?) 0.056° 0.034° 0.030° 0.004

Means with the same letters are not significantly different at p< 0.05where letters in superscript represent the
mean rankings of the soil quality parameters in the samples. SEB denotes sum of exchangeable bases; OC
denotes organic carbon; TN denotes Total Nitrogen.

The SEB observed ranged from 0.108-0.598 cmolkg™ and as much considered to be very low
when compared against the rating scale given by Esu [30]. The SEB value was reported to be
much lower than 6.07 cmolkg™ reported by Omar and Nzamouhe [14] for soils at Warwade
irrigation scheme. More so, soils with CEC values less than 16 cmolkg™? are considered to be
non-fertile while fertile soils have CEC values higher than 24 cmolkg™[31]. This however,
describes the soils to be non-fertile and will therefore respond to fertilization. Thus, the low
values of exchangeable bases (Na, Mg, K and Ca) may be attributed to the low clay and
organic carbon content of the soils of the study area.

The organic carbon (OC) in the soils were very low [30] ranging from 3.8-6.3 gkg™.
This could be in connection to overgrazing, bush burning and the use of crop residues for

animal feed and other domestic which invariably influences the depletion of organic matter in
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the soils [32, 33]. The % OC value was reported to be much higher than 5.17 gkg™ reported
by Omar and Nzamouhe [14] for soils at Warwade irrigation scheme, Jigawa State.

The available P in the soils ranged from 0.23-0.3 mgkg™ and are, according to the
rating by Esu [30] to be low which is characteristic of a typical savannah soil of Northern
Nigeria [22]. The low level of available P may be in connection to the low level of OC
influenced by rapid mineralization or due to the parent material having low weather able
reserve Omar and Nzamouhe [14].

The Total N in the soils was generally low ranging from 0.030-0.056 gkg*[30]. This
is not in conformity with the findings of Omar and Nzamouhe [14] and Mustapha [34]in a
similar study area. However, the low N content may be in connection to the impeded N
mineralization under anaerobic condition, which does not pass the ammonia stage and thus, is
subsequently lost as a gas to the atmosphere [35].

The electrical conductivity (EC) of the soils were observed to be very low (0.21-0.24
dSm) when compared to the soil salinity rating as shown in the FAO [22]. The EC values of
0-2 dSm™ indicated non-saline soils. Electrical conductivity above2 dSm indicates salinity
at various levels [37]. On this note, the soils in the study area were found to be non-saline and
therefore considered to be safe for irrigation activities. More so, the low EC observed in the
study area may be due to the moderate acidity of the soils as earlier observed Omar and

Nzamouhe [14].

Table 4: Soil salinity rating based on electrical conductivity

Soil salinity class EC (dSm™)
Non saline 0-2
Slightly saline 2-4
Moderately saline 4-8
Strongly saline 8-16
Very strongly saline >16

Source: FAO Soil Bull. 39 (1988).

The mean values of exchangeable Na (0.003 cmolkg™), Mg (0.21 cmolkg?), K (0.034
cmolkg™?) and Ca (0.016 cmolkg™) were found to be very low. Sodium and Mg did not vary

across the treatments as shown in (Table 3). The Na, Mg, K and Ca values were observed to

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 218



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

Onokebhagbe, V. O., Habib, D.W., Nzamouhe, M., Nkereuwem, M. E., Adeleye, A. O. and Auwalu, A.:
Assessment of Soil and Water Properties of Tsamiya Irrigation Scheme, Kachako, Kano State,
Northern Nigeria

have slightly deviated from the fairly moderate to high values generally found in soils under
irrigation as observed by Carroll and Klinkenberg [37]; Dikko et al. [38]; Omar [18]; Omar and
Nzamouhe, [14]. The low values recorded here are as result of the slightly acidic pH. This is
because soils with pH values within the range of neutral to slightly alkaline are associated with
high values of exchangeable bases [38]. Furthermore, the sandy textured nature of the soils and
the need for frequent irrigation encourages its leaching, which explains its deviation from the

assertion of its accumulation in arid and semi-arid environments [39].

RECOMMENDATION AND CONCLUSION

From the study conducted, it can be concluded that the soils of Tsamiya Irrigation Scheme in
Kachako are predominantly not fertile, non-saline and non-sodic. The water from the
irrigation scheme was also observed to be non-saline and non-sodic and regarded to be safe
for irrigation activities. However, the hazard of using this water might be low at this time,
nevertheless, regular monitoring of the water should be carried out in order to prevent the
buildup of salts to a certain toxicity that may affect the quality of water and soil as well as
crop growth.
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