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Abstract: Adequate information on the effects of irrigation on soil physical and chemical properties is critical as it
substantially helps in ensuring environmental sustainability. To achieve this, two farmers plot were investigated at Gidan
Arju village based on similarities in farming activities. Two profile pits were dug one for each plot and named IrrP1 and
IrrP2 respectively. Soil samples collected from the genetic horizon each pedons. The samples were analysed for their
physico-chemical properties. The pedons were sandy loam and sandy clay loam in texture at surface and subsurface
horizons respectively. The BD was moderate for both pedons. The soil pH (H,0) ranged between 7.9-10 and was rated
alkaline to strongly alkaline. Statistically, there was no significant variation between the two pedons. However, the entire
samples were marginal in total porosity, OC, AP and low in EC. Total nitrogen, CEC, exchangeable Na, K, Mg and Ca
were rated high. Correlation analysis showed insignificant, but negative relationship of BD with TN (r = -0.562), CEC (r
= -0.304) and PBS (r = -0.396). From the results of our study it is recommended that phosphate fertilizer and manure
should be supplemented to enhance nutrient status of the soils. Similarly, good quality irrigation water was also
recommended to improve the soil pH.

Keywords: Environmental sustainability, irrigation, cultivation, pH, correlation analysis.

INTRODUCTION

As our global population marches steadily toward projections of 9.5 billion people in 2050, which means a
continuous and increased demand for food, it becomes glaring that natural and human-induced soil degradation, if not
mitigated, will undoubtedly increase the potential for negative impacts such as disease and malnutrition [1]. To meet the
food demand, there is the dire need to maintain an all year-round crop production as food security is the basis of survival.
Yet crop production hinges on adequate supply of moisture and nutrients [2, 3]. It thus becomes critical to consider
options that increase food production, maximize land resources and enhance productivity. One of such strategies is
irrigation, since it opens more lands in dry lands; arid and semi-arid lands ensuring their productivity [4, 5]. Irrigation
refers to the artificial application of water to the soil for the purpose of supplying moisture essential for plant growth [6].

Dowgert [7] noted that at global scale, 20% of cultivated lands are under irrigated agriculture and this
contributes to about 40% of food supplies thus underscoring the role irrigated agriculture plays in food and fibre
production. Irrigation not only aims to obtain highest yield per unit land for a particular season but to maximize net
returns on a long-term basis. However, irrigation water is a major constraint for assured crop production [8].
Inappropriate irrigation systems are among the principal causes of human-induced salinization in arid and semiarid
regions and cause poor soil physical condition. This results in poor crop establishment as a result of water logging which
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changes the hydrologic balance. Poor soil management can also negatively affect the potential use of an area and may
ultimately lead to land degradation and loss of productivity [9]. On the other hand, extra irrigation is one of the strategies
for salty soils management as it aids leaching excess of salts. Success in agriculture hinges on the sustainable use of soil
resources as soil loses its quality and quantity within a short period of time [10].

Soil health maintenance is therefore of great importance for sustained food productivity, decomposition of
wastes, storage of heat, sequestration of carbon, and the exchange of gases [11]. Soil been a natural resource cannot be
properly managed without proper understanding of their characteristics, as it is essential for good land evaluation which
is a pre-requisite for sound land use planning [12-15]. To properly understand and manage soils in a sustainable manner,
we find it imperative to study soils under irrigation to add to the wealth of knowledge on the subject matter as there is
paucity of information in that regard. Our study was thus carried out on the soil physical and chemical properties of two
irrigated plots at Gidan Arju area of Kware local government area of Sokoto state, Nigeria. We studied two farmers’ plots
at the village after digging profile pits one at each location. We proceeded in assessing soil quality indicators that play
role in influencing the biological, physical and chemical properties of the soil. These properties include physical
properties such as bulk density, particle size distribution, and total porosity. While the chemical properties measured are
soil pH, soil organic matter (OM) and organic carbon (OC), available phosphorus (AP) electrical conductivity (EC),
exchangeable bases viz sodium (Na), potassium (K), calcium (Ca), and magnesium (Mg), cation exchange capacity
(CEC) and percentage base saturation.

MATERIALS AND METHODS
Description of the Study Area

This research was conducted at Gidan Arju village, Kware Local Government area, Sokoto state, and located
between latitude 13° 13 0™ to 13° 13 30" N and longitude 5° 16 30" to 5° 17 0™ E. The climate of the area is
characterized by Tropical climate with an average rainfall of 565 mm/year [16]. The minimum temperature is 27 °C
while the maximum temperature is 40 °C [16]. The relative humidity during dry season is about 15-20% and reaches up
to 70-75% during the rainy season. Gidan Arju is blessed vast irrigation lands with mostly clay and silt loam soils.
Agriculture is one of the dominant activities engaged by the people of the village. The dominant underlying geology of
the study area is Cretaceous and Tertiary sediments [17].The vegetation is largely that of the Sudan zone, which contains
savannah woodland on the better soils and tree and shrub savannah on the poorer ones. The major land use types in the
study were arable crop production both at upland and lowland areas and non-agricultural uses such as residential, quarry
and mining, roads construction etc. The major crops cultivated in the area include onions, pepper, tomatoes, etc.

Field Work

Two (2) farmers plots at the village were purposely selected for the study. The farm lands have been under
intensive cultivation for several years. The choice of the two locations was based on similarity in their farming activities
and also to enable comparison. Two profile pits (2 x 1.5 x 2 m) one at each location were dug. The general site
description such as climate, vegetation, land use, slope gradient, drainage type and condition, type and degree of erosion
and depth to ground water table were observed and recorded during the study. The profile pits were also described
morphologically following FAO [18] guidelines. For each profile, depth, colour, texture, structure, consistence, roots,
pores, inclusions, as well as boundary characteristics were recorded. Garmin eTrex 10 gps device was used to record the
location of each farms as well as the profile pit.

Sample Collection and Preparation

Soil samples were collected from each genetic horizon of the two profile pits dug. Similarly, undisturbed soil
samples for bulk density determination were taken using core samplers of known volume, whereas disturbed samples for
other physical and chemical parameters determination were taken in nylons, labelled accordingly and transported to the
laboratory. The samples for bulk density determination were oven dried at 105 °C for 48 hours. Disturbed soil samples on
the hand, were air-dried for 24 hours, crushed gently using pestle and mortar and pass through 2 mm sieve. Particles < 2
mm were used in the laboratory analyses.

Laboratory Analyses

Soil samples were analyzed for the following parameters: Particle size analysis was determined by the
Bouyoucos Hydrometer [19] method. Bulk density was by core sampler method as described by Blake and Hartge [20].
Particle density was determined by the use of Pycnometer bottle method [21]. Total porosity was calculated from particle
and bulk density values using the following relationship:

- _ Bd
P =100 (1- =),

Where, P= porosity, Bd= bulk density, Pd= particle density of mineral soil (2.65 g cm™)
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Soil pH was determined both in water and 0.01M CaCl, with a glass electrode pH meter at 1:2.5 soil to liquid
ratio [22]. Organic carbon was determined by wet oxidation method as described by Nelson and Sommers [23]. Total
nitrogen (N) was determined using the Micro-Kjeldahl digestion and distillation method [24]. Available phosphorus was
extracted following Bray No. 1 method and determined using molybdenum blue method [25]. Cation exchange capacity
(CEC) was determined by the neutral ammonium acetate saturation method buffered at pH 7 [19]. Exchangeable bases
[Ca, Mg, K and Na] were determined by extraction with neutral 1IN NH,OAC saturation method. Ca and Mg were read
using atomic absorption spectrophotometer (AAS), whereas K and Na were read using Flame Photometer [19].
Percentage base saturation (PBS) of the soils was calculated using the following relationship:

PBS = Y (Exchangeable Bases) x 100,

CEC
Where; PBS= percent base saturation, CEC= cation exchange capacity

DATA ANALYSIS
The data generated were analyzed statistically using both descriptive statistics (such as means, ranges,
percentages and inferential statistics [such as Pearson’s Correlation Analysis (r)].

RESULTS AND DISCUSSION
Soil Physical Properties as Influenced by Irrigation

The horizons of both Pedons Irr P1 and P2 were generally sandy loam and sandy clay loam in texture in the
surface and subsurface respectively, except for horizon Btk (Irr-P2), which was clay loam in texture (Table 1). In the
surface horizons of Pedons Irr P1 and P2, the sand content ranged from 48.4 to 62.2 % (55.3%). For the underlying
horizons, the sand content varied from 44.5 to 64.1% (54.3%). The sand distribution did not vary with depth, particularly
in Pedon Irr-P1 and was rated very high. The silt and clay content of the surface horizons of Pedons Irr P1 and P2 ranged
from 17.7 to 19.6% (18.7%) and 18.2 to 33.9% (26.1%) respectively, whereas in the subsurface horizons, the silt and
clay content varied from 7.9 to 15.7% (11.8%) and 22.2 to 39.8% (31.0%) respectively. The silt content of the soils was
rated to be generally low, and varied with depth especially in Pedon Irr-P1.

The dominance of sand fractions in the soils may be attributed to nature of the parent materials from which the
soils were formed and their weathering; mineral composition of the soils; and/or the composition of the materials
deposited into the soils annually via alluvial or colluvial means. This result signifies that the soils are young. According
to Sombroek and Zonneveld [17] soils that are formed on the younger surfaces are usually sandy in nature. The variation
in clay content in the surface and subsurface horizons of Pedon Irr P1 and P2 was wide and ranged from 18.2 to 39.8%
(29.0%). The clay content was observed increasing with depth in both Pedons IrrP1 and P2 signifying illuviation process
was active in the soils, hence the formation of argillic horizon. Similar result was observed by Lawal [2], which he
attributed similar findings to deposition of the materials at different time (chronosequence). Table 2 shows that the soils
of Pedons IrrP1 and P2 were generally sandy clay loam in texture. This implies that they can moderately infiltrate water,
store large amount of water for plant use and will therefore require less frequent irrigation.

The bulk density values in the surface horizons of the soils ranged between low (1.0 g cm™) to high (1.6 g cm™),
whereas that of the subsurface horizons varied between low (1.2 gcm™) to moderate (1.5 g cm™) (Table 1). The low bulk
density observed in the both surface and subsurface horizons of Pedons Irr P1 and P2 could be attributed to the organic
residue applied by the farmers during field preparation, which tends to reduce their compaction. According to Jones [26]
the critical values of bulk density for plant growth at which root penetration is likely to be severely restricted ranges
between 1.6-1.8 g cm™for sandy clay loam soils. This shows that, the soils have bulk density less than the critical value,
as such are good for effective root penetration. Ap- horizon of Pedon Irr-P1 had a bulk density equal to the critical value
(1.6 g cm™), but might not hinder root penetration. Correlation analysis showed insignificant, but negative relationship of
bulk density with total nitrogen (r = -0.562, P<0.05), CEC (r = -0.304, P<0.05) and PBS (r = -0.396, P<0.05). Similarly,
insignificant, but positive relationship between bulk density (r = -0.811, P<0.05) and organic carbon was observed (Table
3d).

The total porosity of the surface horizons of Pedons Irr P1 and P2 ranged from 32 to 55% (44%). For the
subsurface horizons, the total porosity varied from 40 to 51% (46%) (Table 1). The total porosity decreases with increase
in soil depth. The low total porosity value observed in the soils may be attributed to long-term effect of tillage resulting
in compaction of the soils. The result agrees with the findings of Brady and Weil [27], who opined that, long-term
cultivation tends to lower total porosity due to decrease in soil organic matter and increase in large peds. Yakubu et al.
[28] attributed similar result to the effect of continuous cultivation, which might have compacted the soil and reduce the
pore spaces. Ap-horizon of Irr-P1 recorded the lowest value of total porosity (32%) which could be attributed to the
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effect of high bulk density (1.6 gcm™) (Table 1) observed. Correlation analysis showed that total porosity negatively, but
significantly correlated with bulk density (r = -0. 975, P < 0.01) (Table 3).
Soil Chemical Properties as Influenced by Irrigation

Results of the chemical properties of the soils of irrigated land pedons Irr P1 and P2, are shown in Table 2. The
pH values (pHyaer) for the irrigated pedons were generally high, values for the surface horizons ranged from 8.0 to 10.0
(9.0) and was rated strongly alkaline. The highest pH value (10.0) was obtained in pedon Irr-P1. For the underlying
horizons the pH values varied 7.90 to 7.99 (7.95) and was rated strongly alkaline too. The pH values were nearly similar
for all the underlying horizons of the irrigated pedons. The pH values observed could be attributed to the geology and
nature of parent materials from which the soils were formed. Correlation analysis indicated an insignificant, but negative
relationship of pH (r = -0.540, P>0.05) with available phosphorus (Table 3d).

The electrical conductivity values (Table 2) for the surface horizons of pedons Irr P1 and P2 ranged from 0.2 to
0.2 dSm™ (0.2 dSm™) and was rated low. In the subsurface horizons, EC values varied from 0.1 to 0.2 d Sm™ (0.15 dSm’
1) and was also rated low. EC values did not vary with depth but differed between pedons Irr P1 and P2. The EC values
of pedon Irr-P2 appeared to be higher (0.2 dSm™) than that of pedon Irr-P1 (0.1 dSm™). According to Horneck et al. [29]
the critical EC value that affect agricultural crops is >2.5 dSm™. This shows that the EC values obtained in pedons Irr P1
and P2 are safe for crop growth and development and the soils were neither saline nor sodic. Result of correlation
analysis showed significant positive relationship of electrical conductivity (r = 0.082, P<0.01) with bulk density (Table
3).

The organic carbon content of the surface horizons of irrigated land pedons Irr P1 and P2 ranged from 4.99 to
9.98 g kg™ (7.49 g kg*) and was rated low. For the underlying horizons, organic carbon values varied from 4.99 to 8.98 g
kg™ (6.99 g kg™) and was also rated low (Table 2). The organic carbon content varied irregularly with depth especially in
pedon Irr-P1. The low organic carbon status of the soils could be attributed to the cumulative effect of continuous
cultivation and conversion of native forest land to irrigated land. Tillage practices are known to soften the soils and
consequently facilitate fast organic matter decomposition. Chimdi et al. [30] opined that depletion of soil organic carbon
is due to the fact that cultivation increases soil aeration which enhances decomposition of soil organic matter. This result
also shows that the soils are susceptible to water erosion. According to Landon [31] low organic carbon content of soils
is an indication of their vulnerability to water erosion. Similarly, Barrow [32] observed that an organic carbon content of
< 2.0 g kg™ for tropical soils is an indication of soil degradation that may result in high risk of soil erosion. Correlation
analysis showed significant, but negative relationship between organic carbon (r = -0.332, P<0.05) and percent base
saturation (Table 3).

Total nitrogen content of the surface horizons of irrigated land pedons Irr P1 and P2 ranged from 1.86 to 2.03 g
kg™(1.95 g kg™) and was rated high (Table 2). For the subsoil horizons, total nitrogen varied from 1.11 to 2.68 g kg™
(1.90 g kg™*) and was also rated high. The total nitrogen content values were nearly similar for both Pedons. The total
nitrogen values of pedon Irr-P1 varies irregularly with increasing soil depth, while that of pedon Irr-P2 increased with
depth. This trend of decreasing TN value (Irr-P2) with depth has agreed with the findings by Dessalegn et al. [33] who
observed decrease in TN with depth. The high TN values obtained is contrary to the findings of Noma [34] who observed
low to medium values of TN while working on the soils of Sokoto-Rima Floodplains, which covered some parts of
Kware local government. The lower TN value observed in the Ap-horizon of Irr-P1 could be attributed to the effect of
cultivation that could have also aggravated loss of nitrogen, which corroborate with the findings by Abera and Belachew
[35]. Malo et al. [36] also attributed lower nitrogen values to the imbalance between nitrogen added during fertilizer
application and nitrogen lost due to harvest removal, leaching and humus losses via cultivation.

Table-1: Physical Properties of the Soils of Gidan Arju Series Pedons Irr P1 and P2

Horizon | Depth Particle Size Distribution (%) | Textural Class | Bulk Particle Density | Porosity

(cm) Density (%)
Sand [Silt [ Clay gcm

Gidan Arju Series- Pedon Irr- P1 (Entic Dystruderts/Eutric Vertisols (Loamic)

Ap 0-29 62.2 19.6 18.2 SL 1.6 2.3 32

Bt 29-54 64.1 13.7 22.2 SCL 1.2 2.4 51

Btk1 54-122 | 64.1 9.8 26.1 SCL 1.2 2.4 48

Btk2 122-200 | 64.1 7.9 28.0 SCL 15 2.5 40

Gidan Arju Series-Pedon Irr- P2 (Typic Dystruderts/Eutric Vertisols (Loamic)

Ap 0-55 48.4 17.7 33.9 SCL 1.0 2.2 55

Btk 55-200 | 44.5 15.7 39.8 CL 14 2.3 40

Mean 57.9 14.1 28.0 SCL 1.3 2.3 44

SE 2.71 1.39 2.21 - 0.08 0.04 3.12

SE= standard error
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SL=sandy loam, SCL= sandy clay loam, CL= clay loam

Table-2: Chemical Properties of the Soils of Gidan Arju Series Pedons Irr P1 and P2

. pH (1:2.5) 4 | OC | TN | AP Ca | Mg [K [Na [CEC|BS
Horizon | Depth (cm) Water | CaCl, EC (dSm™) okg ™ mgkg™ [ cmolkg? (%)
Gidan Arju Series- Pedon Irr- P1 (Entic Dystruderts/Eutric Vertisols (Loamic)

Ap 0-29 10.0 7.31 0.2 9.98 | 1.86 | 3.02 35.90 | 1.05 | 0.41 | 0.90 | 38.30 | 99.89
Bt 29-54 7.98 7.38 0.1 5.99 | 2.68 | 6.03 3430 | 1.34 | 0.17 | 0.89 | 36.80 | 99.73
Btk1 54-122 7.90 7.41 0.1 499 | 2.39 | 6.41 30.10 | 0.35 | 0.26 | 1.04 | 31.80 | 99.84
Btk2 122-200 7.95 7.48 0.1 8.98 | 1.22 | 6.79 37.60 | 0.45 | 0.17 | 0.80 | 39.30 | 99.29
Gidan Arju Series- Pedon Irr- P2 (Typic Dystruderts/Eutric Vertisols (Loamic)

Ap 0-55 7.99 7.46 0.2 499 | 2.03 | 3.39 54.40 | 0.48 | 0.48 | 1.07 | 56.50 | 99.88
Btk 55-200 7.99 7.37 0.2 5.00 | 1.11 | 3.39 51.50 | 0.53 | 0.29 | 1.11 | 53.60 | 99.68
Mean 8.25 - 0.2 6.66 | 1.88 | 4.84 40.63 | 0.70 | 0.30 | 0.97 | 42.72 | 99.72
SE 0.19 - 0.02 0.95 | 0.32 | 3.17 2.08 | 0.13|0.03|0.15] 216 | 0.94

SE= standard error, pH= soil reaction, EC= electrical conductivity, OC= organic carbon, TN= total nitrogen, AP= available
phosphorus, CaCl,= calcium chloride, Ca= calcium, Mg= magnesium, K= potassium, Na= sodium, CEC= cation exchange capacity,
Mg= magnesium, BS= base saturation.

Analysis of the Soils of Gidan Arju Series Pedons Irr P1 and P2

Table 3: Correlation (r
D

Sand Silt Clay B Por pH ocC TN AP Ca Mg K Na CEC | PBS
Silt -0.489
Clay | -0.863* | -0.018
BD 0.280 -0.007 -0.316
Por -0.155 -0.145 0.261 -
0.975**
pH 0.202 0.627 -0.595 | 0.617 -0.706
ocC 0.518 0.052 -0.624 | 0.811* -0.757 0.721
TN 0.457 0.055 -0.556 | -0.562 0.574 -0.029 | -
0.279
AP 0.697 - -0.259 | -0.073 0.250 -0.540 | - 0.257
0.932** 0.006
Ca - 0.479 0.805 -0.307 0.215 -0.197 | - - -0.661
0.944** 0.377 | 0.473
Mg 0.342 0.405 -0.626 | 0.169** | -0.110 0.448 0.310 | 0.473 | -0.100 -0.311
K -0.522 0.790 0.141* | -0.218 0.029 0.453 - - -0.833 0.557** | -0.143
0.047 | 0.015
Na -0.773 0.355 0.680 -0.513 0.343 -0.267 | - - - 0.581 -0.425 0.499
0.794 | 0.020 | 0.504**
CEC | -0.944* | 0.502 0.791 -0.304 0.212** | -0.180 | - - -0.676 0.999 - 0.563 0.577
0.372 | 0.460 0.280**
PBS | -0.208* | 0.701 -0.167 | -0.396 0.244 0.373* | - 0.573 | -0.569 0.084 0.229 0.683* | 0.573 | 0.100
0.332
EC -0.756 0.869 0.363 0.082** | -0.258 0.476 0.001 | - 0.987 0.734 -0.037 0.838 0.523 | 0.744 | 0.477**
0.377

BD= bulk density, Por= porosity, OC= organic carbon, TN= total nitrogen, AP= available phosphorus, Ca= calcium, Mg= magnesium,
K= potassium, Na= sodium, CEC= cation exchange capacity, PBS= percent base saturation, EC= electrical conductivity.

The value of available phosphorus in the surface horizons of pedons IrrP1 and P2 ranged from 3.02 to 3.39 mg
kg™ (3.21 mg kg™) and was rated low. For the subsurface horizons, available phosphorus varied from 3.39 to 6.79 mg kg
! (5.09 mg kg) and was also rated low (Table 2). The available phosphorus content did not vary with depth between
both pedons, however, it showed an increasing trend with depth in pedon Irr P1. This result is contrary to the findings by
Sheleme [37], who observed decreased in available phosphorus values down the pedons as a result of concomitant
increase in clay content in the lower horizons that fix P. According to Brady and Weil [27] phosphorus fixation tends to
be more pronounced and ease of phosphorus release tends to be low in those soils with higher clay content. In this study,
insignificant negative correlation between available phosphorus (r = -0.259, P>0.05) and clay content was observed
(Table 3). Table 1 showed increasing clay content with depth. For instance, Pedon Irr-P1 had the following sequence in
terms of clay content Ap<Bw<Bwk1<Bwk2, with the following values 18.2, 22.2, 26.1 and 28.0% respectively. The
relatively lower available P values observed in surface horizons (3.02 and 3.39 mg kg™) as compared to subsurface
horizons could be attributed also to the depletion of organic matter content in surface horizons due to continuous
cultivation and fixation of P applied to the soils via P-containing fertilizers.

The calcium, magnesium, potassium and sodium contents in the surface horizons of pedons Irr P1 and P2 ranged
from 35.90 to 54.40 cmol kg™ (45.15 cmol kg™), 0.48 to 1.05 cmol kg™ (0.77 cmol kg™), 0.41 to 0.48 cmol kg™ (0.45
cmol kg™) and 0.90 to 1.07 cmol kg™ (0.99 cmol kg™) respectively. For the underlying horizons, Ca, Mg, K and Na
content varied from 30.10 to 51.50 cmol kg™ (40.80 cmol kg™), 0.35 to 1.34 cmol kg™ (0.85 cmol kg™), 0.17 to 0.29 cmol
kg™ (0.23 cmol kg™) and 0.80 to 1.11 cmol kg™ (0.95 cmol kg™) respectively. The dominant exchangeable bases in these
soils appeared to be Ca and Na. The Ca and Na contents tend to decrease with depth, though not in a predictable manner.
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Magnesium and potassium contents of the soils ranged from medium to high, and also followed similar trend with Ca and
Na (Table 2). The amount and distribution of the exchangeable cations appeared to have been influenced by the type of
parent material as reported by Ufot et al. [38]and Noma [34]. This trend of decreasing content of exchangeable bases
with increasing depth from surface to subsurface horizons is contrary to the findings by Heluf and Wakene [39] and
Dessalegn et al. [33]. According to Dessalegn et al. [33] the content of exchangeable cations increased with increasing
soil depth, which could be attributed to their leaching from surface horizon down to subsurface. The result of the present
findings could therefore, be attributed to the erosion hazard, the soils were exposed to.

In the surface horizons of pedons Irr P1 and P2, the cation exchange capacity varied from 38.30 to 56.50 cmol
kg™ (47.4 cmol kg™) and was rated high. For the underlying horizons, CEC values ranged from 31.80 to 53.60 cmol kg™
(42.7 cmol kg™) and were rated high (Table 2). The CEC content varied with depth of the pedons. The values were
generally higher in the surface horizons of both Irr-P1 and Irr-P2, and were observed decreasing with depth, which is
contrary to the previous findings [34, 33] who reported higher CEC values in the subsurface and observed CEC values
increasing with depth. Only Btk2-horizon (39.30 cmol kg™) of Irr-P1 did not follow this trend, it has CEC value higher
than that of the surface Ap-horizon (38.30 cmol kg™). This irregularity could be attributed to the high clay content
(28.0%) observed in the Btk2-horizon of pedon Irr P1 (Table 2) which was relatively higher than that of horizons above
it which agrees with the findings of Lekwa et al. [40]. Correlation analysis (Table 3) indicated an insignificant positive
correlation between CEC and clay content of the soils (r = 0.971, P<0.05). The high clay content observed (Table 1) in
the surface horizons may be due to deposition of clay materials as alluvial and/or colluvial deposit; following erosion and
mechanical weathering of the nearby Kuru-kuru hill.

In the surface horizons of pedons Irr P1 and P2, the percent base saturation ranged from 99.88 to 99.89%
(99.89%) and was rated high. For the underlying horizons, percent base saturation varied from 99.29 to 99.84% (99.57%)
and was also rated high (Table 2). The percent did not vary with depth and between the Pedons Irr P1 and P2, but
appeared to be similar and high. This result showed similarity in the parent materials from which the pedons Irr P1 and
P2 were formed. It also indicated that leaching of exchangeable bases was low and that the soils were of high buffering
capacity. Pedon Irr-P1 had the highest base saturation of 99.89% for the top horizon (0-29 cm) probably due to high
content of exchangeable bases.

CONCLUSION

Based on the findings of this research, it is evident that the soil of the two plots was sandy loam and sandy clay
loam which support crop production. The pH of the soils which was in the alkaline range may need to be managed to the
neutral range as this could pose the problem of salinity if proper remediation option is not enforced. The cation exchange
capacity (CEC) level is presently high which favours high potential for retaining of plant nutrients however, the total
porosity, organic matter (OM), organic carbon (OC) and available P are low which clearly indicates the poor health status
of the soils as these parameters contribute immensely to soil biological, chemical and physical properties as well as crop
growth. The findings also indicated that there is a dire need for artificial application of phosphate fertilizers and organic
manure to build the deficient elements. Proper monitoring of the soil condition in the village is also critical to prevent
further degradation thus frequent studies of soils in the location should be carried out to determine the changes and extent
of degradation since some soil nutrients change quickly and guides to efficient nutrient management. Additionally, on
both plots, quality irrigation water should be provided and proper irrigation scheduling should be ensured. This is
because soil moisture is critical in supplying the water needs of a crop and helps in making nutrients available to the
plant. Excess water in soils depletes oxygen (O,) and builds up carbon dioxide (CO,) levels thus impeding root
respiration due to high and toxic CO, levels.
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