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ABSTRACT

The study was conducted in irrigated vegetable farms around Lake-Alau Dam of Maiduguri, Borno
State, to assess the current salinity/sodicity level in both soil and water samples. Six surface (0-15cm)
and six sub-surface (15 - 30cm) soil samples were obtained each from two wings (South and North) at
the site. Three water samples were also obtained from the site (intake, in-field and field drain).
Laboratory analyses were conducted to determine different physico-chemical properties of the soils
and water samples. Results of the soil analyses showed that, the soils were slightly acidic to neutral
(6.72-7.08) in reaction, low in organic carbon (2.82-3.00gkg™), ECEC (3.45-5.20 cmol (+) kg?), EC
(0.36-0.52 dsm™) and SAR (0.11-0.15). These revealed that, there was no salinity problem in the soil
at the time of the research in the area. Water samples analyzed from the In-take, In-field and Field-
drains showed increased pH (7.42-7.91), SAR (0.66 - 1.44) and EC (0.71 - 0.78 dS/m) as water move
from the In-takes to Field-drains. These also showed that, in the mean time crop production would be
faced with minimal problems in the area. Organic and inorganic materials need to be in-cooperated
in the soil so as to raise the fertility status of the soils.
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INTRODUCTION

Soil salinity refers to the accumulation of salts (often dominated Chlorides, Sulphates and
Carbonate) in soils and water to levels that can have negative impact on crop growth. Yield
reductions occur when the salts accumulate in the root zone to such an extent that the crop is
no longer able to extract sufficient water from the salty soil solution, resulting in water stress
for a significant period. Saline soils occurred where the supply of soluble salts exceed their
removal from the soil. Salinity is characteristic of soils related to their contents of water-
soluble salt (Charman and Murphy, 2000) which include both anion and cations of all salts,
such as carbonate, sulphate, calcium, magnesium etc. Increasing soil salinity has a negative
effect on soil stabilization, high level of salts and sodium ions destroys soil structure and
makes some nutrients unavailable to plants. On the other hand, soil salinity has a great effect
on some chemical properties like soil pH, electrical conductivity (EC), cation exchange
capacity (CEC), sodium adsorption ratio etc. As a result of high concentrations of soluble
salts in the soil, some nutrient elements may increase or decrease, depending on the
concentration, may render the soil to be unproductive.
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Soil salinity may affect the productivity of Agricultural lands directly as the consequences of
the presence of a critical amount of soluble salts in the root zone which limit water nutrients
uptake by plants. Loss of natural vegetation and subsequent increase in irrigation are the
major contributing factors results in rising water tables, which ultimately cause salinity in
agricultural soils (Munns et al., 2002). As of the year 2000, the annual rate of land loss due to
salinity is about 0.5 million hectare per year (Smedema, 2000). In another report by
Metternicht and Zinck (2003), it was highlighted that around 955 million ha of land in the
world is salinized due to primary salinization, and approximately 77 million ha is affected
because of secondary salinization. According to Munns and Tester (2008), more than 45
million hectares of irrigated land have been damaged by salt worldwide, and1.5 million
hectares are taken out of production each year as a result of high salinity levels inthe soil. Soil
Hence, Salinization was recognized as the main threats to environmental resources and
human health in many countries, affecting about 1 billion ha of land worldwide/globally
representing up to 7% of earth’s continental extent, approximately 10 times the size of a
country like Venezuela or 20 times the size of France (Yensen, 2008). It has been estimated
that worldwide about 20% of the total cultivated land and 33% of irrigated agricultural lands
are afflicted by high salinity, and many areas are continue to be affected, and the thread
continues to increase each year due to introduction of irrigation in new areas (Patel et al.,
2011; Pooja and Rajesh, 2015). Furthermore, According to Pooja and Rajesh (2015) salinized
areas are increasing at a rate of 10% annually for various reasons, including low precipitation,
high surface evaporation, weathering of native rocks, irrigation with saline water, and poor
cultural practices. It has been estimated that more than 50% of the arable land would be
salinized by the year 2050 (Jamil et al., 2011). Therefore, Soil salinity is among the common
soil characteristics that affect agricultural production, and it causes severe worldwide
environmental problems particularly in arid and semi-arid areas (Gorji, et al., 2019). Excess
salt hinder crop growth and development not only by toxicity effect but by reducing water
availability through osmotic effect and inducing imbalance in nutrients uptake by crop plants.
Saline soil prevents water intake to plants from the root zone due to the diminishing osmotic
potential of soil water (Bhatt et al., 2008). Sodium chloride has been shown to reduce shoot
water potential by increasing stomatal closure and transpiration (Asch et al., 1995).

In arid and semi-arid regions of the world, soil salinization is one of the main drastic
phenomena due to its adverse effects on land productivity and plant growth (Goriji, et al.,
2019). In these regions, precipitation is inadequate to keep natural percolation of water within
the soil profile, and is also insufficient to neutralize the salts present in the soil and thus, it
leads to accumulation of soluble salts in soil with negative effect on soil structure (Mulder et
al., 2011; Ulker et al., 2018). In most areas of Northern Nigeria, salinity is mostly caused due
to poor irrigation water quality, soil management, compaction and inadequate drainage
facilities. The irrigation water usually contains calcium (Ca?" magnesium (Mg?*), and
sodium (Na*). When the water evaporates from the soils, Ca®* and Mg?* often precipitate into
carbonates, leaving only Na* as dominant ion in the soil (Serrano et al., 1999). Increases in
cations and their salts, particularly NaCl in the soil, generates external osmotic potential that
can prevent or reduce the influx of water into the root. The resulting water deficit is similar to
drought conditions and additionally compounded by the presence of Na* ions (Bohnert,
2007). Therefore, assessment of soil properties like soil salinity is crucial for land
sustainability at a local and regional scale (Grunwald et al., 2015). This study was aimed to
assess salinity/sodicity level in irrigated vegetable farm of lake Alau-Dam, Borno State.
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MATERIALS AND METHODS

The study was conducted in the vicinity of Lake-Alau Dam in Jere Local Government Area
(LGA) of Borno State, and lies between latitude 11°43'28.97" to 11°43'33.63"N and
longitude 13°17'2.92" 13°17'6.88"E, with altitude of 354m above sea level. The area is
characterized by two distinct seasons, dry season (October to June) and wet season (July to
September) with an average annual rainfall of 470 mm (for 1981 to 2010 weather data) as
reported by Dammo et al. (2015). Temperature is low in December and January and high
around April and May, with minimum and maximum values of 22 and 40°C respectively. The
soil of the area is predominantly sandy loam (Arku, et al., 2011), and some clay-loam was
found towards the riverside area, and the topography is generally flat with a slope of about
5%.
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Figure 1: Map of Study Area showing; Borno State, Jere LGA and Sampling Points.

Twelve soil samples were collected from the site. Six soil samples each were obtained from
two wings of the study site (wing A=North, wing B=South) at depths of 0 — 15 cm (surface)
and 15 — 30 cm (sub-surface) respectively. The soil samples were air-dried, and passed
through 2 mm sieve, the fine separates were used for physical and chemical analyses. Three
water samples were also collected from three locations namely; Intake, In-field and Field
drain sites. Bouyoucos hydrometer method was used for particle size analysis, pH was
determined in a 1:2.5 soil: water ratio using glass electrode pH meter (IITA, 1979) and
Electrical Conductivity (EC) was determined using the same extract using an EC meter
(Bower and Wilcox, 1965). Organic carbon was determined using the Walkley and Black
(1934) oxidation method. Exchangeable bases (Calcium, Magnesium, and sodium) were
determined by the Ammonium saturation method (Anderson and Ingram, 1998). Available
phosphorus was extracted using the Bray No. 1 method (Bray and Kurtz, 1945). Phosphorus
in the extract was determined calorimetrically by the molybdo - phosphoric — blue method
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using ascorbic acid as a reducing agent (Murphy and Riley, 1962). Analysis of variance was
used to compare the soil properties of different points within the two wings and depths, their
means was separated using Fisher’s Least Significant Difference (LSD), and the result was
compared with the critical limits for interpretation (Esu, 1990; and Landon, 1991).

RESULTS AND DISCUSSION

The results of the Particle size analysis for the soil samples from the study area (Table 1)
indicated that the surface soils were loamy sand, while the sub-surface soils were sandy loam
texture. The average values of sand contents were 81.9 %( surface) and 78.8 %( sub-surface)
at North wing and 82.7 %( surface) and 77.9 %( sub-surface) for South wing, these indicated
that the surface soil had more sand than sub-surface at both wings. This could be attributed to
the fact that particle size decreases with soil depth as a result of eluvial process.
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Table 1: Some Physico-chemical properties of soils at Lake Alau Dam Area of Borno State.

Sampling Depth Sand Silt Clay Textural pH EC oC AP Ca Mg Na K CEC ESP

Particle Size

Distribution Exchangeable Bases
Location ) I — % ----------- Class dSm?* % L I — cmol(+) kgt -------------- %
North Wing
1 0-15 80.5 87 11 Loamy sand 7.3 048 0.29 3.84 275 171 021 014 481 437
2 0-15 82.1 082 97 Loamy sand 6.8 041 0297 3.1 251 125 017 019 412 413
3 0-15 831 64 10.5  Loamy sand 6.5 0.48 0.287 2.89 294 157 018 012 481 3.74
Average 0-15 819 7.8 10.4 6.9 0.46 0291 3.18 273 151 019 015 46 4.15
1 15-30 772 105 123 Sandy loam 70 051 0.284 3.97 289 182 024 017 512 4.69
2 15-30 79.1 104 105 Loamysand 7.0 047 0281 3 248 127 023 013 471 488
3 15-30 802 85 11.3  Loamy sand 6.1 041 0.283 282 263 115 0.16 0.18 412 3.88
Average 15-30 788 9.9 11.4 6.7 0.47 0.283 3.26 267 161 021 16 4.7 4.52
South Wing
1 0-15 79.4 94 11.2  Loamy sand 59 04 0.3 0.08 238 125 015 0.18 496 3.02
2 0-15 86.4 8.6 5 Sandy loam 6.2 0.46 0.289 3.45 271 145 016 0.17 458 3.49
3 0-15 808 8 11.5  Sandy loam 6.5 041 0297 4.34 239 135 021 016 4.09 5.13
Average 0-15 827 867 92 6.2 042 0295 3.62 249 138 017 016 4.2 4.05
1 15-30 758 115 127 Sandy loam 6.2 0.49 0.294  3.99 284 1.8 0.17 013 494 344
2 15-30 801 115 84 Sandy loam 7.7 0.49 0.282 299 252 199 024 019 494 4386
3 15-30 769 103 149 Sandy loam 6.1 0.45 0.284  3.98 298 117 016 0.16 4.47 3.58
Average 15-30 779 112 12 6.5 0.48 0.285 3.65 279 165 019 0.16 438 3.97
LSD (p<0.05) (Location) NS NS NS NS NS NS NS NS NS NS NS NS NS
LSD (p<0.05) (Depth) 3.37 288 NS NS NS 0.0067 NS NS NS NS NS NS NS

Note: LSD = least Significance differences, NS = Not Significant, EC = Electrical Conductivity, OC = Organic Carbon, AP = Available Phosphorus, Ca = Calcium, Mg
Magnesium, Na = Sodium, K = Potassium, CEC = Cation Exchange Capacity, ESP = Exchangeable Sodium Percentage.
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The clay contents were 9.7% (surface) and 11.9% (subsurface). These results corroborate
with that of Abdul Hady (2005) which showed that the values of sands in Maiduguri
decreases with depth while fine particles (silt and clay) of soil increases with depth. The soil
reaction (pH) ranged from 6.5 at the surface to 6.7 in the underlying soil of North wing; and
6.2 (surface) to 6.5 (sub-surface) in South wing with averages of 6.5 and 6.6 surface and sub-
surface respectively. This indicates that, the soil in the area was slightly acidic. The results
were within the ranges reported by Abdul Hady in 2005 and Bashir, et al., 2017 in the same
environment. Electrical conductivity of the soils ranged from 0.41-0.51dSm™* with means of
0.45dSm™* (surface) and 0.48 dSm™ in both wings. This result was similar to that of Landon
(1991), who stated that an EC value of 0.02-0.59 dSm™ indicates low salt contents. The
average values of ESP were 3.58% (surface) and 3.97% (sub-surface) at both wings. There
was no significant difference (P=0.05) for pH, EC and ESP in both wings and depths. In
determining the salinity/sodicity of soils, the U.S Salinity Laboratory Staff (1954) provides
the critical limits for EC (dSm™), ESP(%) and pH respectively as >4, <15 and<8.5 for saline,
>4, >15 and <8.5 for saline sodic, and <4, >15 and >8.5 for sodic soils. As the EC, ESP and
pH values for the studied area were less than critical values (Table 1), the soils could be said
to be normal, by implication, salinity/sodicity problems are not expected and would not cause
any problem in the farm for now. Average values of organic carbon were low, with 2.93gkg™
and 2.84gkg™ for both surface and sub-surface, which shows a decrease in organic carbon
content with depths, and were not significantly (varied) between the wings with less uniform
distribution among depth. Omeje (1991) stated that organic carbon content of Chad Basin
ranged from 0.069-1.46% with a C:N ratio of 3.05-3.64 which is similar to the results
obtained in the study area. Available Phosphorus contents were 3.40 mkg™ (surface) to 3.46
mkg? (subsurface) with the average of 3.98 mkg™ (surface) and 3.65 mkg™? (subsurface) in
both wings. Higher values recorded for available phosphorus at the surface than the
subsurface might be attributed to higher organic materials in that layer. The average value of
potassium in the study area was 0.16 cmol(+)kg™? in both surface and subsurface of both
wings which indicate no significant differences(P=0.05) at all levels. This indicates that
potassium content was moderate in the site and the results tallied with that of Abdul Hady
(2005), who reported that potassium was moderate in soils of Maiduguri. Mean calcium
content were 2.61 cmol(+)kg™? (surface) and 2.73 cmol(+)kg? (sub-surface) in the studied
area. Magnesium varied from 1.45 cmol(+)kg™? (surface) to 1.63 cmol(+)kg™? (sub-surface)
which showed that there was more magnesium at sub-surface than surface Both Ca and Mg
values did not vary significantly (P=0.05) between wings and between depths. Sodium
content also ranged from 0.18 cmol(+)kg™? (surface) to 0.20 cmol(+)kg™? (subsurface) in the
site. The slightly higher values of exchangeable cations in the study area was also reported by
Kargo and Adnan (1985) who observed that calcium dominated the exchange complex
followed by magnesium and potassium with values of Sodium as the lowest. Low cation
exchange capacity (CEC) of 4.39 cmol(+)kg? (surface) and 4.72 cmol(+)kg™? (subsurface)
were recorded in Lake-Alau. The low values of CEC could be possibly attributed to the
dominance of sand fractions in the area. This finding was in agreement of the result obtained
by Nwaka (1995), who obtained low values of CEC of 6.0 cmol(+)kg™ for sandy soil and 20
cmol(+)kg* for clay in dispersion of soil in Borno State.

Table 2 showed the distribution of some chemical properties of water in Lake Alau. pH
values of in-take, in-field and field-drain were recorded as 7.8, 6.9 and 7.5 respectively.
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Table 2. Some Chemical properties of water in Lake-Alau Dam

pH EC TDS P K Ca Mg Na  SAR

< mgl* > +—  meqlt —>
In-take 7.8 0.61 390.4 2.94 0.85 2.81 1.26 2.40 1.72
In-field 6.9 0.72 460.8 3.01 1.07 4.37 1.55 2.50 1.43
Field-drain 7.5 0.81 518.5 4.18 1.28 5.42 2.63 3.20 1.32
Mean 7.4 0.71 456.3 3.38 1.07 4.20 181 2.70 1.49

Note: EC = Electrical Conductivity, TSD = Total Dissolved Salt, P = Phosphorus, K = Potassium, Ca =
Calcium, Na = Sodium, SAR = Sodium Absorption ratio

These values are within the acceptable of pH range (6.3 to 8.1) required for irrigation as
reported by Salifu et al. (2017) in western Ghana. The results indicated that there was an
increase in pH of water from In-field to Field-drain probably due to the addition of certain
materials (dissolve salts) in the water because high concentration of such salts in the solution
might raises the pH of the water. Electrical Conductivity was low at all the three points (0.61,
0.72 and 0.81) dSm™ showing an increasing trend from the source to field-drain and is not
saline, with Total Dissolve salt (TDS) of 390.4, 460.8 and 518.5 mgl? for in-take, in-field
and field-drain respectively. Tahir (1991) reported that when saline-sodic water with EC of
2.5-5.8 dSm™* and SAR of 13-26 was used for irrigation, it reduces sodium to the exchange
complex of soil and reduces infiltration rate and permeability of soils. However, Jurinak et al.
(1984) reported that any water with an EC >2 dSm™ and SAR value >6 is not recommended
for irrigation. Recently, such EC value is far below the lower limit (<4 dSm™) considered as
not suitable for irrigation, and similar result was obtained by Bashir et al. (2017) which
considered the water as excellent for irrigation. Based on Ayers and Westcott (1985) degree
of restriction on use of water classification, water with TDS values less than 450 mg/l are
described as ““None’’ and considered suitable or good for irrigation (Bashir et al., 2017).
Phosphorus content in water ranged from 2.94 mgl™? (in-take), to 4.8 mgl™ (Field-drain) with
mean value of 3.38 mgl™. The values of potassium content varied from 0.85 - 1.28 mgl* with
mean value of 1.07 mgl* All the values of potassium under the three stages are within the
acceptable limit of <21.07 mgl™ as reported by Reddy (2013). Mean values of calcium,
magnesium and sodium were recorded as, 4.20, 1.81 and 2.70 meql™ respectively. There was
an increase of macro-element concentration as water moved from In-take to Field drain. The
concentration of soluble salts especially phosphorous and Potassium were generally higher at
field drains which may be due to chemicals from either fertilizer or organic materials
dissolved in the field and lowest concentration was normally found at the intake stage. The
values of SAR in water were 1.72 (in-take), 1.43 (in-field) and 1.32 (field-drain), the values
decreased as water moved from in-take to field-drain. The values recorded are less than the
SAR value of 10 which is classified as excellent for irrigation use (Sadashivaiah et al., 2008).
Lower ranges of 0.3 — 3.5 were considered normal for irrigation purposes (Al-Ahmadi, 2013
and Bashir, 2017).

CONCLUSION AND RECOMMENDATIONS

The results of the study indicated that, soils were loamy sand and slightly acidic to neutral in
reaction, low in exchangeable bases and nutrient elements, pH, SAR and EC values were also
low (7.42, 1.49, 0.17), implying the soil is non-saline, and could be use for vegetable
production. The water used for irrigation was non-saline, and the results showed increasing
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pH, TDS exchangeable Bases, EC, and decreasing SAR values as water moved from the
source to field drain. The general salinity level for water was low and may not likely
contribute to soil salinity problems in the soils of the study area. Organic and inorganic
materials need to be in-cooperated into the soil to raise the fertility status of the soils.
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