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Abstract

Soils of Ukpiovwin community in Udu LGA of Delta State were evaluated for suitability for oil palm cultivation based on
its physicochemical properties. Suitability of soils for oil palm was assessed using FAO’s land and soil requirement and
suitability ratings. Soil texture classes identified were dominated by clay. The soils were slightly acidic, with pH ranged
from 4.49 to 6.40. The results showed that certain land characteristics such as, mean annual temperature, rainfall, soil
depth and drainage were rated highly suitable (S1) to marginal suitable (S2), organic matter, total nitrogen, and
potassium were rated highly suitable (S1) Available phosphorus and ECEC were generally low and rated as marginally
suitable (S3) for oil palm cultivation in the study area. The main limiting factors that lower the suitability of these soils
for oil palm establishment in the area were the soil texture which is clay and the low level of phosphorus available the
soil. In order to enhance the soil condition and raise the productivity of the land to an ideal level, focus should be put on
soil management practices that will improve the soil’s ability to effectively drain water in order to prevent water logging
and keep water at 220cm below soil surface. The amount of phosphorus available in the soil can be increased through
the application of phosphate fertilizer and through installation of erosion control measures such as bunds, platforms,
and terraces to lessen losses of native and applied phosphate in surface run-off water and eroded soil.
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1. Introduction

0il palm is generally believed to have originated from the tropical rain forest of West Africa. (FAO 2002). Oil palm tree
is one of the largest oils producing perennial crops (Murphy et al., 2021). As of 1965, Nigeria was the world’s top
producer and exporter of oil palm (Bassey 2016). Nigeria was surpassed by Malaysia and Indonesia in terms of global
palm oil production in 1966. One of the most significant impediments to oil palm cultivation in Nigeria is a lack of
knowledge about soil fertility and effective management techniques. Suitability is a measure of how well the features of
aland unit matches the requirements of a specific form of land use (FAO 1993). For agricultural purposes, soil suitability
depends on the crop requirements and the characteristics of the land (Oviasogie et al, 2020). The suitability of the soil
for crop growth is influenced by a number of variables, including soil pH, water availability, air, space for root growth,
and structure of the soil (Parikh et al, 2012). The levels of suitability are usually classified into three categories: highly
suitable land (S1), moderately suitable land (S2) and marginally or poorly suitable land (S3). Identification of the main
production barriers and solutions can be achieved by conducting a suitability evaluation of the area that supports oil
palm (Ogunkunle 1993). The physicochemical characteristics of the soil greatly affect the soil quality (Raju et al., 2017).
The physical and chemical characteristics of soil are classified into those that directly influence crop growth, such as
water, oxygen, temperature, and soil resistance, and others that indirectly influence crop growth, such as bulk density,
texture, aggregation, and pore size distribution (Ingole 2015). The physical characteristics of the soil, such as its depth,
texture, and structure, are crucial in assessing whether it is suitable for large-scale oil palm planting (Mutert 1999). The
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ability of the soil to give water to the crop is controlled by its physical features, which are more significant than its
chemical ones because they cannot be easily changed by management (Rhebergen et al., 2016). According to Popkin et
al., (2022). The best types of soil for growing oil palm are loamy or alluvial, well-drained soils: rich in organic matter,
pH 4.0 to 6.8, at least one meter deep for root development, and with enough soil moisture. Oil palm is well adapted to
a variety of soil types and tolerates low pH levels but does not perform well at very high pH levels (higher than 7.5)
(Mutert 1999). The oil palm production cycle, which lasts for around 25 years, is made up of various stages, each with
its own unique nutrient demand requirements (Prabowo et al, 2023). A sufficient supply of macro- and micronutrients
is necessary for efficient plant cultivation. Lack of nutrients prevents plants from growing properly (Popkin et al, 2022).
The nutrients required by oil palm in large quantity (macro nutrients) are nitrogen, potassium, phosphorus and
magnesium. Oil palm is one of the most important economic cash crop which through the advancement of science, is
now been cultivated in different parts of the world. Thus, this study was therefore designed to assess the potentials and
limitations of soil properties and their suitability for oil palm cultivation in the study area.

2. Material and methods

2.1. Study Area

The study area is located within Ukpiovwin community in Udu local government area of Delta State. It is situated at
latitude 5°26' 41" N and longitude 5° 50' 43" E. The entire study area is approximately 8 hectares. And it is 5.3 km away
from the train station which is located in the neighbouring town of Ujevwu also in Udu local government area of Delta
state (Figure 1). It is a tropical environment with a climate that is hot and humid with seasonal rainfall, high
temperatures and high relative humidity. Dry and Rainy season are the two distinct seasons experienced throughout
the year. Typical rainy season is from March and November while the dry season is between December and February
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Figure 1 Map of the study area showing the sampling points

The average amount of rain fall per annum is 22000 mm with a mean monthly relative humidity between 50-95 %. And
a mean temperature of 26 °C. The soil is mostly clay loam making it very rich and fertile with good water retention
ability which is favorable for agricultural activities. The area is plain open field with grasses, shrubs and sporadic trees,
mostly of commercial value, such oil palm, exhibiting signs of ongoing forest degradation.

2.2. Field Investigation

Sampling of the soil was carried out solely to ascertain the suitability of the site for oil palm plantation based on its
physicochemical properties. The fundamental strategy was to define the area with relatively homogenous units based
on other observable characteristics that could affect soil variance include terrain, drainage, vegetation, and land use.
Sampling was carried out using the soil auger for each sample collection. At each point of collection, the soil auger was
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screwed into the soil and samples collected at depth 0-15 and 15-30 cm respectively using a meter rule to measure the
depth. The auger was then carefully pulled up and the grabbed soil sample transferred into the labelled polythene bag
and put into the chest for preservation and onward transportation to the laboratory for analysis. The geographic
positioning system (GPS) was used to geo-reference every sampling point by means of a GPS application from an android
phone.

2.3. Soil Laboratory analysis

Surface and subsurface soil samples (0-15 and 15-30 cm) were collected, air-dried at room temperature, crushed, and
passed through a 2 mm sieve before being subjected to standard methods of analysis. The following parameters'
physical and chemical characteristics of the samples were examined: The 1:1 soil to water ratio method was adopted in
analysing for soil pH according to ASTM D1293B. Moisture content of the soil samples were determined in line with the
standard method BS 1377-3. PSD (particle size distribution) was obtained using the hydrometer method and sieving,
which is recommended for soil samples containing more than 35 % fine particles, such as clays and slits (Gavlak et al,
2005). Available Phosphorous (P) was determined by Bray P-I method. The amount of organic carbon in the soil was
calculated using the Walkey-Black method. Total Nitrogen content was determined in line with APHA 4500.
Exchangeable cations were determined using the Schimadzu AA7000 spectrophotometer

3. Results and discussion

3.1. Soil and climatic requirements for oil palm

The terrain and soil quality determines whether a plot of land will be chosen for oil palm cultivation. The land must be
level or slightly sloping, well-drained, and fertile. The average amount of rain fall per annum is >2000 mm and this falls
within the range of the 2000 mm to 2500 mm as recommended by Hartley, (1998 as cited in Oviasogie & Duke, 2020)
and is therefore considered highly suitable (S1) for oil palm cultivation in terms of quantity and distribution.

The average duration of sunshine is less than five hours, which is below the criteria for the oil palm, according to Popkin
etal, (2022), oil palm in plantations needs at least 5-6 hours of strong sunshine each day and humidity levels between
75-100 % to develop properly the average temperature is greater than 26 °C and is regarded to be moderately suitable
(S2) for oil palm cultivation. As oil palm grows best at temperatures between 30 and 32 degrees Celsius (86- and 89.6-
degrees Fahrenheit) for at least 80 days. About 60 % of the entire land has poor drainage, which could result in serious
flooding; and this is considered not suitable (N). Because it implies that the general water table in the surrounding area
is high and saturated most of the year with high rainfall. Oviasogie et al, (2020) in similar research carried out in north
central part of Nigeria, observed that this condition is damaging because palms' roots are tolerant of anaerobic soil layer
only to a moderate extent.

3.2. Soil physical and chemical properties

Table 2 shows the physical and chemical properties of soils in the study area. The soil is clayey in texture and this is
marginally suitable S3 for oil palm plantation. According to Goh (2000 as cited in Oviasogie et al, 2020), the best soil
types for oil palm are clay loam or sandy loam. Likewise, a similar report recently carried out, specified that the best
types of soil for growing the crop (oil palm) are loamy or alluvial, well-drained soils containing appropriate soil
moisture, being at least one meter deep for root development (Popkin et al, 2022). The analysis of the particle size
reveals that mineral particles (clay) predominate over sand with no significant difference down the profile. The
percentage of silt in the soil was the lowest with no specific pattern.

The pH of the soil when measured in water was slightly acidic with a range between 4.49 to 6.02 (table 2). This is
considered highly suitable (S1) for oil palm cultivation. From table 3 it is clear that the pH range obtained is within the
expected range for optimum performance of oil palm. According to Popkin et al.,, (2022) the best soil pH for oil palm
cultivation is between 4.0 to 6.8. The consistent decrease in acidity with increasing depth may be as a result of
cultivation of the land and leaching of basic cations down the soil profile. These findings is in line with Oviasogie et al,
(2020) who reported a general decrease in pH values in the lower profile of the soil with increasing depth.

The analysis shows that the concentration of organic carbon present in the site range from 0.45 to 1.23 mg/kg (table 2).
This result shows that organic carbon at the top soil was higher and decreased steadily in concentration down the profile
at all locations across the site. This is highly suitable S1 for oil palm cultivation. Soil for oil palm cultivation must be rich
in organic matter (Popkin et al., 2022). Oviasogie and Duke (2020) in similar research carried out in Edo State observed
a steady decrease in the concentration of organic carbon down the profile. The higher concentration of organic carbon
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at the top soil might be attributed to the presence of decaying plant matter, microbes and soil organisms (Jared et al.,
2013).

Total nitrogen available across the entire site as seen in table 2 is within the expected range for oil palm cultivation. The
value ranged from 0.21 to 0.94 mg/kg. Based on the soil fertility evaluation for oil palm (table 3), the values obtained
for total nitrogen is highly suitable (S1) for oil palm cultivation. There was a steady decrease down the soil profile in the
total nitrogen available.

Table 1 The descriptive statistics of the physicochemical properties of the soil

Soil properties |Mean + SD | Minimum | Maximum
pH 5.49 +0.256 |4.49 6.02
Organic carbon |0.861 + 0.236 | 0.45 1.23
Total nitrogen |0.575 +0.191|0.21 0.94
P mg/kg 0.963 +0.2960.38 1.57
Ca cmol/kg 6.014 +2.512|2.09 9.85
Mg cmol/kg 2.342+1.161|0.32 3.80
Na cmol/kg 0.178 £ 0.157 | 0.02 0.45
K cmol/kg 0.222 +0.069|0.11 0.32
ECEC cmol/kg [8.667 +3.339|2.74 13.43
Clay % 88.28 + 1.320|88.60 90.20
Silt % 9.028 +3.337|7.40 11.90
Sand % 2.492 £ 0.660|1.50 3.40

Table 2 Some selected physical and chemical properties of soil in the study area

Point | Depth (cm) ([Ph |[0.C% [N % |P Camg/kg|Mg |[Na |K |ECEC cmol/kg |Clay % |Silt % |Sand %
T.S1 |0-15 5.43|1.23 |0.63|1.06|9.85 3.07(0.22|0.29|13.43 88.20 [8.50 [3.30
S.S1 [15-30 5.61(0.72 |0.44(1.08|8.03 3.67(0.45(0.20|12.35 87.30 [9.30 |3.40
T.S2 |0-15 5.51({1.04 |0.54|0.38|2.28 0.32|ND |0.18(2.78 86.80 [10.60 |2.60
S.S2 |15-30 5.66(0.83 |0.21|1.57|2.09 0.51|ND |0.14|2.74 88.60 [8.78 |2.62
T.S3 |0-15 4941099 |0.94|1.04|5.75 1.62|ND |0.32|7.69 89.20 |7.40 |3.40
S.S3 |15-30 5.35(0.45 |0.62|0.94|4.01 2.03|0.02|0.21|6.27 90.00 |7.80 |2.20
T.S4 |0-15 5.44(0.86 |0.77|1.04|9.14 2.75|0.03]0.19|12.11 88.60 [9.70 |1.70
S.S4 |15-30 5.49(0.52 |0.51{0.63|6.09 3.80(0.17(0.11|10.17 86.60 [11.90 |1.50
T.S5 |0-15 5.45(1.12 |0.67|0.84|7.05 2.40 |ND |0.31(9.76 90.20 |7.60 |2.20
S.S5 |15-30 6.02(0.85 |0.42|1.05|5.85 3.25(ND |0.27|9.37 89.30 [8.70 |2.00

Available phosphorus was very low between 0.38 to 1.57 mg/kg. There was no particular pattern of variation with
increasing soil depth. These values are marginally suitable (S3) for oil palm cultivation because they are far below the
expected range (table 3) of available phosphorus for oil palm cultivation giving the fact that phosphorus is an essential
nutrient required for proper growth of oil palm.
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The result of the effective cation exchange capacity (ECEC) obtained (table 1 - 3) was between 2.74 to 13.43 cmol/kg.
The effective cation exchange capacity was obtained by summation. It is the total amount of exchangeable cations,
mostly bases calcium, magnesium, sodium, and potassium in non-acidic soils. It decreases gradually down the soil
profile at all points across the site. Due to the low values observed ECEC is rated suitable (S2) based on suitability classes
and soil fertility requirements for oil palm cultivation (table 3). The low value observed in ECEC can be improved
through effective soil management such as increasing soil organic matter by using empty fruit bunch (EFB).

Table 3 Soil fertility evaluation for oil palm

Property V.low | Low | Moderate | High | Very high

pH <3.5 4.0 4.2 5.5 >5.5

Organic C % <0.8 1.2 1.5 2.5 >2.5

Total N % <0.08 0.12 0.15 0.25 | >0.25

Total P mg/kg <120 200 250 400 | >400

Avail. P mg/kg <8 15 s 25 >25

Ex. K cmol(+)/kg <0.08 0.20 0.25 0.30 | >0.30

Ex Mg cmol(+)/kg | <0.08 0.20 0.25 0.30 | >0.30

ECEC cmol(+)/kg <6 12 15 18 >18

Fertilizer Response | Definite | Likely | Possible - Possible
Source: Goh Kah Joo, 1997 as cited in Mutert 1999. cmol(+)/kg = meq,/100g; mg/kg = parts per million (ppm)

4. Conclusion

The results of the analysis carried out in the study area shows that the entire land is suitable (S2) for oil palm plantation.
The main limiting factors are the soil texture which is clay and the low level of phosphorus available in the soil. In order
to enhance the soil condition and raise the productivity of the land to an ideal level, focus should be put on management
strategies that will improve the soil’s ability to effectively drain water in order to prevent water logging and keep water
at 220 cm below soil surface. The amount of phosphorus available in the soil can be increased through the application
of phosphate fertilizer and through installation of erosion control measures such as bunds, platforms, and terraces to
lessen losses of native and applied phosphate in surface run-off water and eroded soil. Also cover crop planting and the
application of organic residue, such as empty fruit bunches (EFB), should be taken into consideration to make up for the
soil nutrient deficit especially during the dry month when the production of fresh fruit bunches begins.
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