Understanding the Bio-physical Properties of Soils in Oil Palm (Elaeis guineensis jacq.) Plantation in a Rainforest Ecosystem of Rivers State, Nigeria

Abstract
The study examined the effects of oil palm plantation on soil bio-physical properties in a part of the rainforest in Rivers State, Nigeria. Ten 20 m by  20 m quadrats were delineated in the oil palm plantation (OPP) and relatively disturbed forest (RDF) whereby soil samples were collected at the topsoil (0-15cm). Descriptive statistics were used to explain the means of the soil properties while Mann Whitney U (MWU) was used to test the variation in the soil properties between the OPP and RDF; and Spearman’s Rank correlation statistics were used to test the relationships between soil physical properties and biological properties. Findings showed that soil properties were higher in the RDF with the  exception of soil moisture (16.0±5.16%), sand (88.40±1.03%), bulk density (1.49±0.01), electrical conductivity (342±176.3us/cm2), total feacal count (TFC) (2450000±2280959cfus/g), and total heterotrophic bacterial (THB) (1860000±2154169.08cfus/g). MWU analysis revealed that sand (z=3.87; p<0.05); clay (z=3.868; p<0.05); water holding capacity (z=1.930; p<0.05); soil pH (z=2.251; p<0.05) and organic carbon (z=2.307; p<0.05) were significantly different between OPP and RDF. However, findings showed that soil moisture content and soil pH were significantly correlated with TFC, THB and total fungal count. The study concluded that oil palm plantation has resulted to the depletion of the physical and biological properties of soil overtime. Thus, the study recommended among others that proper maintenance around oil palm plantation should be ensured to improve soil fertility within the plantation and sustain biological activities.
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Introduction
Oil Palm (Elaeis guineensis Jacq.) has become one of the most rapidly expanding equatorial food and bio fuel crops in the world (USDA, 2011); more than 13 million hectares of land are under oil palm cultivation in the tropics (Vargas et al., 2015). Verheye (2010) noted that it is a crop of the rainy tropical lowlands and can be grown on a wide range of soils.  Being a perennial tree crop, oil palm is an ideal plant for sustainable agricultural cropping system (Nelson et al., 2011); after the threat of deforestation that is being faced by tropical forest. Most often, the cultivation  of oil palm is always in plantations  apart from those that grow  in the wild. Plantation agriculture is seen as an alternative land use system of soil management and environmental protection and the increasing interest in plantation agriculture according to Aweto and Enavrube (2010) has been linked to the advantages of the practices on environmental conservation, protection, economic and social benefits. 
The world's tropical forests are a major reservoir of biodiversity and play important roles in global climate regulation and biogeochemical cycling (Orians, Dirzo and Cushman, 1996).  For  several decades, tropical forests have undergone rapid clearance for agriculture, with 80 million hectares of forest cleared in the 1980s and 1990s alone (Gibbs, Ruesch, Achard, Clayton, Holmgren and Ramankutty, 2010). As with other parts of the tropics, plantation agriculture, featuring the production of crops in monocultures in large commercial estates, has gained widespread acceptance and has consequently, become an important feature of the agricultural economy of tropical Africa (Aweto and Enaruvbe, 2010). The plantation system of agriculture is assuming increasing popularity, particularly in tropical countries such as Malaysia, Indonesia, Cote d’Ivoire, Nigeria and many other parts of the world. Evans (1992) reported that the areal extent of plantation agriculture of all types doubled in tropical Africa and increased about six fold in other parts of the tropics between 1965 and 1980 (Aweto and Enaruvbe, 2010).
The environmental impact of the  establishment  of oil palm plantation may be categorized based on three principle effects: change in the greenhouse gas balance (Hamer, 1981), reduction of biodiversity by fragmentation, disturbance and destruction of natural habitats (Laidlaw, 2000) and reduction of fresh water and soil quality (Fitzherbert et al., 2008). Soil chemical properties and soil fertility rate are both crucial components that are greatly subjected to the impact of the forest conversion into oil palm plantation (Dewi, 2007). Paramananthan (2013) studied soil properties and their influence on oil palm management and yield while Sutarta, Winarna and Syarovy (2013) studied soil management issues affecting oil palm development in Indonesia. Soil quality is an important factor for a country like Nigeria, where agriculture is still the main means of livelihood of majority of the people. Adeboye et al (2011) noted that recent interest in evaluating soil quality has been stimulated by increasing awareness that soil is a critical component of the earth’s biosphere. Therefore, soil degradation can directly affect the country’s economy due to low productivity from degraded lands. Although, the oil palm cultivation is being expanded within the country, any potential threat of the cultivation to the environment is therefore important in recent times (Nadeesha and Nugegoda, 2016). Growing tree crops implies that nutrients are removed from the soil through harvest either for food, fibre or wood and crop residues. Nutrient removal may result in a decline in soil fertility if replenishment with inorganic fertilizers or manure is inadequate. A decline in soil fertility implies a decline in the quality of the soil (Hartemink, 2005). 
One of the first studies investigating long-term changes under oil palm was conducted by Tinker (1963) in West Africa. During the first five years of the plantation, there was a marked increase in soil fertility, but thereafter K and Mg levels and the pH decreased, whereas soil organic C levels remained constant (Nadeesha  and Nugegoda, 2016). Soil changes under oil palm have been well documented in Malaysia. PORIM (1994) summarized them as follows: levels of nutrients are found to increase in the early years under oil palm after forest because of the fertilizer applications and due to the N fixation by the leguminous cover crop. Longer-term trends are less well known, but it is likely that soil nutrients decline due to palm uptake and retention exceeding fertilizer applications. In many cases it is found that soil fertility under plantation crops is lower than that under forest. However, the rate of decline under plantation cropping is often much lower than under annual cropping because of the higher rates of nutrient inputs and possibly because of lower losses when compared with annual crops (Hartemink, 2003). 
Apart from changes in soil properties, it has been established also that soils are characterized by a high degree of spatial variability due to the combined effect of physical, chemical or biological processes that operate with different intensities and at different scales (Gooverts, 1998; Ogeh and Osiomwa, 2012). Spatial variability of soil can result from a natural variability of soil properties as well as from human activity. Most physical and chemical soil properties show spatial variations by the change in the parent material and topographic position. Also, species, age and frequency of the vegetation grown on forested areas can have great influence on the characteristics of soil properties (Basaran et al., 2006). Variations in soil properties have been found to influence soil management and crop production (Fasina, 2005) and the spatial variability in soils occurs mostly naturally from pedogenic factors and also as a result of the type of land use and management (Shittu et al., 2006; Ajami et al, 2006). However, soil properties can vary largely along depths due to active soil-forming processes of illuviation and eluviation down the profile. Vagen et al., (2006) supported the dependency of soil physical, chemical and biological attributes to soil organic matter. Increased soil organic matter improves aggregation, nutrient-retention capacity, colloidal characteristics, and biodiversity in soil. The amount of organic material in a soil is often expressed as the amount of organic carbon. Organic carbon in soils mainly serves as an energy source for soil and microorganisms that decompose organic material (Gao et al., 2024). However, soil properties are continuous variables and their values at various points differ according to changes in direction and distance from nearby samples (Kmoch et al., 2025). 
Several studies have  been carried out on the influence of oil palm tree and other economic trees on soil properties. Ogundele et al. (2011) assessed soil physical and chemical properties under a newly established teak plantation in Abia, South Western Nigeria. Aweto and Enaruvbe (2010) investigated the catenary variation of soil properties under oil palm plantation in South Western Nigeria. Ogeh and Osiomwan (2012) evaluated the effects of oil palm on some physical and chemical properties of Rhodic paleudults in Benin City, Nigeria. Aweto and Ekiugbo (1994) and Abrams et al (1997) also reported the ecological requirements and environmental impacts of oil palm on soil. Basuki, Priatmadi, Yanuwiadi and Soemarno (2014) studied the plant age influence on soil chemical properties of oil palm plantation in East Kotawaringin, Central Borneo, Indonesia. None of the studies investigated the effects of oil palm plantation on soil biological properties especially in the South-south region of Nigeria.  Thus, the present study is examining the effects of oil palm plantation (Elaeis guineensis jacq.) on soil physical and biological properties in a part of the rainforest ecosystem of Rivers State, Nigeria.
Materials and Methods
The study was carried out in the oil palm plantation in Edegelem Community in Igboh Etche, Etche LGA, Rivers State, Nigeria. Etche LGA, is one of the twenty-three local government areas of Rivers State. It is situated in the northeastern part of the state and lies between latitude 4° 50” and 5° 5” North and longitudes 6° 55” and 7° 12” East.The area is bounded in the North by Imo State, in the east by Omuma Local Government Area, , in the south by Obio/Akpor and Oyigbo Local Government Areas  and Ikwerre Local Government Area of Rivers State in the west (Figure 1). The study area is located in the sub-equatorial region. It has a tropical climate with a mean temperature of 30 0C, a relative humidity of 80 % - 100 %, and a mean annual rainfall of about 2,300 mm. The rainfall is always high but varies with seasons (Mmom and Fred-Nwagwu, 2013). The warmest months are from January to May, and all have more than 20 days with a temperature of 32 0C or above. However, the tropical climate is moderated by the influence of the Atlantic Ocean. The study area is underlain by the Coastal Plain sands having its place from the Pleistocenic Formation (Nwakoala and Warmate, 2014). The sediments are deposits comprising of gravel, clays, peats, sands and silt from the River Niger (Dekor, 2015). The vegetation is nourished with high rainfall and high temperature, which provide favourable condition for the growth of a variety  of tall and big trees like mahogany, Obeche, Afara and abundance of oil palm trees and several other species of economically valuable plants such as raffia palms, Abura, ferns and grasses (Eludoyin et al, 2013). The soils are made up of brown loams and sandy loam (NDEBUMOG, 2007).
[image: ]
Figure 1: Etche LGA showing Study Locations

Experimental research design was adopted in this study to collect random samples for soil properties because it is often used where there is consistency in a causal relationship (Roger, 2013).  The oil palm plantation which is the experimental plot has been established for more than 20 years. The control plot was a relatively disturbed forest. All plots are within the same climatic region, soil and relief; and thus any difference in the soil properties were attributed to the plantation. Ten quadrats of 20 m x 20 m were established randomly in the oil palm plantation and natural forest. The sample plots were delimited with pegs and tagged with red coloured ribbon for easy identification of the boundaries. The sampling methods adopted for this study was simple random sampling technique. The soil samples were air-dried and carefully sieved with 2mm diameter mesh in order to separate the soil from stones. Thereafter, the soil samples were taken to the laboratory for analysis to determine the level of the physical, chemical and biological properties of soils in the study area. Soil particle size composition was analyzed using the hydrometer method of Bouyoucos (1926), bulk density and total porosity were determined using core method (Ichikogu, 2014) and water holding capacity as described in Dutta and Agrawwal (2002). Soil temperature was measured with soil thermometer in situ (Ochsner, 2008) while soil moisture was measured using gravimetric method (Su, Singh & Baghini, 2014). Soil pH was measured potentiometrically in 0.01M calcium chloride solution using 1:2 soil/water solutions while organic carbon was determined by Walkey and Black’s rapid titration method (Walkey & Black, 1934). The soil biological properties was  determined according to the methodology described by Vance et al. (1987), in which chloroform is replaced by a microwave oven (for 4 min) to eliminate microorganisms and release cell components, as suggested by Ferreira et al. (2008). Descriptive statistics were used to describe the mean values of the soil properties parameters while inferential statistics which in form of Mann-Whitney U test was used to determine the significant difference in the soil bio-physical properties between the oil palm plantation and natural forest at p<0.05. This was used for the analyses because it is a non-parametric technique which can be used more appropriately when sample size of the data is small (Stefanowski, 2013). Results of the analysis were presented in tables and charts.
Results and Discussions
The analysis in Table 1 presents the soil physical and biological properties in the oil palm plantation and control (relatively disturbed forest) which shows that the mean soil temperature between the oil palm plantation and relatively disturbed forest varied very slightly. The mean soil pH was 6.43 for oil palm plantation and 6.60 for control plot; this shows that the soils in both plots were weakly acidic but relatively more acidic in the relatively disturbed forest. It is also shown in the analysis that the mean organic carbon was 1.05% in soils under the oil palm plantation and 2.36% in soils in the control plot. However, organic carbon ranged between 0.65% and 1.60% in soils under the oil palm plantation and ranged between 1.22% and 9.98% under the relatively disturbed forest. Furthermore, the mean soil moisture content reduced slightly in the relatively disturbed forest.  For the particle size composition, it is revealed that both the clay and silt contents reduced slightly under the oil palm plantation while sand content was higher in the oil palm plantation than the control. In the same vein, the water holding capacity and porosity were lower in the oil palm plantation but the bulk density was reported to be higher in the oil palm plantation. The electrical conductivity was higher in the oil palm plantation (342.80 us/cm2) than the relatively disturbed forest (266.20 us/cm2). 
The results also revealed that the mean total faecal count was 2450000 (cfus/g) in soils under the oil palm plantation and 2070000 (cfus/g) in the natural forest soil (Table 1). It indicates that total faecal count was lower in soils under the relatively disturbed forest than the soils under oil palm plantation.  The organisms which make up the total feacal count were E. Coli and Enterobacterial. Each of these made up 50% of the total coliform in soils under oil palm plantation while E.Coli and Enterobacterial was  made up of 70% and 30% in soils under the relatively disturbed forest (Table 2). 
The mean heterotrophic bacterial was 1860000 (cfus/g) in the soil under oil palm and 1330000 (cfus/g) in the soil under the natural forest (Table 1). The organisms that make up the heterotrophic bacterial included Bacillus sp., Micrococcus sp. and Pseudomonas sp. The three organisms were present in soils under oil palm plantation while Pseudomonas was not found in soils under relatively disturbed forest (Table 2). Under the oil palm plantation, Bacillus sp had 50%, Micrococcus had 10% while Pseudomonas had 40%. However, Bacillus sp had 70% while Micrococuss sp. had 30% in  soils under the relatively disturbed forest (Table 2). 
The mean total fungal count was 1710000 (cfus/g) in the soil under oil palm plantation and 1960000 (cfus/g) in soils under the relatively disturbed forest (Table 1). A total of four fungal organisms were recorded in the entire study location namely Rhizopus, Candida sp, Aspergillus and Penicillum. In soils under the oil palm plantation, Rhizopus was  made up of 20%, Candida sp  was made up of 40%, Aspergillus was  made up of 30% while Penicillum was 10%. However, only Rhizopus and Candida sp were present in soils under the relatively disturbed forest whereby Rhizopus had 30% while Candida sp had 70% (Table 2).
The Mann Whitney U reveals the variation in the concentrations of soil physical and biological properties between oil palm plantation and relatively disturbed forest in Table 3. The results revealed that sand (z=3.87; p<0.05); clay (z=3.868; p<0.05); water holding capacity (z=1.930; p<0.05); soil pH (z=2.251; p<0.05) and organic carbon (z=2.307; p<0.05). 
Table 1. Effect of Oil Palm Plantation on Soil Physical and Biological properties
	Soil Properties
	Oil Palm Plantation
	Control (RDF)

	
	Min-Max
	Mean±SD
	Min-Max
	Mean+SD

	Temperature (oC)
	28.00-30.00
	28.8±0.79
	28.00-30.00
	29.0±0.67

	pH
	6.10-6.80
	6.43±0.20
	6.50-6.80
	6.60±0.11

	Organic Carbon (%)
	0.65-1.60
	1.05±0.36
	1.22-9.98
	2.36±0.69

	Moisture Content (%)
	10.00-20.00
	16.00±5.16
	10.00-20.00
	15.00±5.27

	Clay Content (%)
	5.40-7.40
	6.40±1.02
	8.00-14.00
	11.00±1.16

	Silt content (%)
	3.40-7.40
	5.20±1.14
	5.40-9.40
	6.40±1.41

	Sand Content (%)
	87.20-89.20
	88.40±1.03
	80.60-84.60
	82.60±1.89

	Water Holding Capacity (WHC) (%)
	42.80-46.20
	44.41±1.09
	43.50-46.30
	45.31±0.87

	Bulk Density (g/m3)
	1.45-1.49
	1.47±0.01
	1.43-1.48
	1.46±0.02

	Electrical Conductivity (us/cm2)
	204.00-829.00
	342.00±176.26
	218.00-318.00
	266.20±37.35

	Porosity (%)
	44.00-45.00
	44.80±0.42
	45.00-46.00
	45.20±0.42

	Total Faecal Count (cfus/g)
	2.0x105-6.9x106 
	2.5x106 ± 2.2x106 
	2.0x105 -3.5x106
	2.0x106 ± 1.1x106

	Total Heterotrophic Bacteria (cfus/g)
	200000-6900000
	1860000±2154169.08
	100000-1800000
	1330000±469160.00

	Total Fungal Count (cfus/m)
	100000-3500000
	1710000±1323673.34
	200000-2900000
	1960000±955917.24


N=10


















Table 2: Total Organisms
	Biological Parameters
	Oil Palm Plantation
	Relatively Disturbed Forest

	
	Frequency
	Percentage (%)
	Frequency
	Percentage (%)

	Total Feacal
	
	
	
	

	E. Coli
	5
	50.0
	3
	30.0

	Enterobacter
	5
	50.0
	7
	70.0

	Total
	10
	100.0
	10
	100.0

	Heterotrophic Bacteria
	
	
	
	

	Bacillus sp.
	5
	50.0
	7
	70

	Micrococcus sp.
	1
	10.0
	3
	30

	Pseudomonas sp.
	4
	40.0
	-
	-

	Total
	10
	100.0
	10
	100.0

	Total Fungal Count
	
	
	
	

	Rhizopus
	2
	20.0
	30
	30.0

	Candida sp.
	4
	40.0
	70
	70.0

	Aspergillus
	3
	30.0
	-
	-

	Penicillum
	1
	10.0
	-
	-

	Total
	10
	100.0
	10
	100.0


N=10
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 Table 3. Mann-Whitney U Analysis for the Variations in Soil Properties between the Oil Palm Plantation and Natural Forest
	
	Sand
	Silt
	Clay
	WHC
	BD
	EC
	Porosity
	Temp
	Soil Moisture
	Soil pH
	OC
	TFC
	Organism TFC
	THB
	Organism THB
	TFoC
	Organism TFoC

	Mann-Whitney U
	.00
	28.50
	.00
	24.50
	33.00
	33.00
	32.00
	42.00
	45.00
	21.00
	19.500
	46.000
	40.000
	46.000
	47.500
	48.00
	31.000

	Wilcoxon W
	55.00
	83.50
	55.00
	79.50
	88.00
	88.00
	87.00
	97.00
	100.00
	76.00
	74.500
	101.00
	95.000
	101.00
	102.500
	103.00
	86.000

	Z
	-3.87
	-1.918
	-3.868
	-1.930
	-1.320
	-1.286
	-1.949
	-.659
	-.438
	-2.251
	-2.307
	-.303
	-.890
	-.303
	-.215
	-.152
	-1.589

	Asymp. Sig. (2-tailed)
	.000
	.055
	.000
	.054
	.187
	.198
	.051
	.510
	.661
	.024
	.021
	.762
	.374
	.762
	.830
	.879
	.112

	Exact Sig. (2-tailed)
	.000*
	.104
	.000*
	.045*
	.202
	.210
	.139
	.569
	1.000
	.025*
	.020*
	.781
	.650
	.782
	.880
	.897
	.166

	Exact Sig. (1-tailed)
	.000+
	.052
	.000+
	.027+
	.101
	.105
	.070
	.284
	.500
	.012+
	.010+
	.390
	.325
	.391
	.440
	.448
	.083

	Point Probability
	.000
	.037
	.000
	.002
	.014
	.007
	.070
	.102
	.315
	.002
	.001
	.014
	.240
	.014
	.004
	.015
	.021


*t is significant at 2-tailed (p<0.05); +t is significant at 1-tailed (p<0.05); N=20
TFC- Total Feacal Count
THC- Total Heterotrophic Bacterial
TFoC- Total Fungal Count
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Relationship between Soil Physical Properties and Biological Properties in the Oil Palm Plantation
The correlation matrix between soil physical properties and biological properties in the oil palm plantation is displayed on Table 4. The distribution showed that soil moisture content was positively correlated with total feacal count (r=0.107), total heterotrophic (r=0.392) while soil moisture was negatively correlated with total fungal count (r=-0.393). However, the relationship was directly proportional with total faecal count and total heterotrophic bacteria but inversely proportional relationship with total fungal count (Figure 2, Figure 3 and Figure 4 respectively). In addition, soil temperature was insignificantly but positively correlated with total faecal count, total heterotrophic bacteria and total fungal count (Table 4; Figure 5; Figure 6 and Figure 7). Furthermore, soil pH was positively correlated with total faecal count (r=0.207; p>0.05) (Figure 8), total heterotrophic bacteria with (r=0.019; p>0.05) (Figure 9) and total fungal count (r=0.207; p>0.05) (Figure 10). 

Table 4: Correlation Matrix between Soil Physical Properties and Biological Properties
	
Soil Physical
Properties

	Oil Palm Plantation

	
	Total faecal
count
	Total Heterotrophic Bacteria
	Total fungal
count

	
	Moisture
	Correlation Coefficient (r)
	0.107
	0.392
	-0.393

	
	Temperature
	Correlation Coefficient (r)
	0.599
	0.215
	0.431

	
	pH
	Correlation Coefficient (r)
	0.207
	0.019
	0.505






Figure 2: Relationship between Soil Moisture and Total faecal count


Figure 3: Relationship between Soil Moisture and Total Heterotrophic bacteria




Figure 4: Relationship between Soil Moisture and Total fungal count


Figure 5: Relationship between Soil Temperature and Total feacal count


Figure 6: Relationship between Soil Temperature and Total Heterotrophic bacteria

Figure 7: Relationship between Soil temperature and Total fungal count


Figure 8: Relationship between Soil Temperature and Total fungal count


Figure 9: Relationship between Soil moisture and Total Heterotrophic bacteria


Figure 10: Relationship between Soil pH and Total fungal count
Discussion 
Findings of the study have revealed that soil physical properties in the  oil palm plantation have experienced slight changes in their mean values when compared with those of the natural forest. For instance, clay (%) content in oil palm plantation increased by 1%, particle size composition of silt reduced by 1.20%, sand content in soil increased by 5.8%. The water holding capacity (WHC) of the soil also reduced by 0.9%, soil’s level of porosity reduced by 0.40%, while the bulk density of the soil increased by 1.00kg/m3. Findings of the study are similar with the findings of Nadeesha and Weerasinghe (2016) that also observed slight changes in the soil physical properties of the oil palm plantation. The implication here is that, since sandy soil is not fit for crop production, the presence of oil palm plantation which increased the sand (%) content, though slightly higher, may have adverse effect on the fertility of the soil. For instance, Nadeesha and Weerasinghe (2016) also asserts that high sand content in soil may be as a result of probable high drainage of the oil palm plantation into the lower horizon of the soil, which may be washing away the fine particles and causing aeration problems, thereby blocking air space.    
The  findings also revealed that the soils on the oil palm plantation  has  lower soil pH when compared with the natural forest soil. However both sites had regulated soil pH. Low pH increases the soil acidity level and this affects the activities of beneficial micro-organisms. However, the management of the soil pH might be because of some soil management practices which are directed towards ensuring a fertilized soil profile for the growth and development of the oil palm plantation. For instance, Ogeh and Osiomwan (2012) have identified soil management practices as the best form of soil management for the growth of oil palm plantation. The optimum range for most plants is between 5.5 and 7.0. According to Shukry et al., (2013) a soil with pH level of 5.1-5.5 is strong acid. When the soil pH is less than 7.0, H2PO4 is the predominant form in the soil. 
The organic carbon in the oil palm plantation soil had lower mean value of 1.05% than the natural forest with the mean value of 2.36%. Generally, the decrease of organic carbon in the oil palm plantation may be due to the decrease of soil organic matter. Organic matter accumulates more in the topsoil. Thus, more of this may have been washed down into the lower horizon of the soil (Onwurah, 1999), causing reduction in the amount of organic matter. This activity can be linked to the process of nutrients take-up by the roots of the oil palm trees. Thus, the low value obtained in the oil palm plantation sites may be due to the plantation which reduced the soil carbon content due to excessive plant activity. This phenomenon may lead to reduced metabolic activities and relatively affects soil fertility and microbes to first use the nitrogen and make little available for plants (Nelson et al, 2010).
The soil temperature and soil moisture content slightly varied at both the oil palm plantation and natural forest. Thus, both sites had relatively stable soil temperature and soil moisture content. However, similar findings by  Kamaruzaman (2004); Ogeh and Osiomwan (2012) that relatively stable soil pH, temperature and soil moisture content may be due to the soil management practices which have several implications on the spatial arrangement of oil palm planting and different management practices which are designed primarily for fertilization and plantation maintenance and to create distinct management zones within plantations. This is true of the method of arrangement of the oil palm plantation sites in the study area.
In the same vein, similar values were obtained for bulk density and soil porosity at both the oil palm plantation and natural forest with slight variations. The electrical conductivity was higher under the oil palm plantation due to the application of nutrients and fertilizer needed for optimal growth performance and development of the oil palm plantation (Teh et al, 2010; Hsiao-Hang et al, 2012). Optimizing the use of available soil management practices in oil palm plantations is crucial to enhance long-term soil fertility and productivity based on demands. This is because; palm oil is one of the most widely used vegetable oils, with an increasing demand for use in food products, cosmetics, and as a biodiesel feedstock (FAO, 2015; Mukherjee and Sovacool, 2014). Over the past few decades, oil palm plantations have expanded rapidly (Gilbert, 2012).  
The soil biological properties also showed slight variations between the two sites. Biological properties of soil are good indication for the proper functioning of soil properties. The lower variations experienced under the oil palm plantation may be due to the fact that oil palm plantation are more subjected to extreme and more variable microclimates, due to the lack of plant diversity, large bare soil area and more open oil palm canopy (Foster et al., 2011). This explained the slight variation in the biological properties of soil at both sites. Therefore, soil management practices at the oil palm plantation are carried out  to encourage fertile soil profile. This process showed that sustaining and improving the production capacity of agricultural plantations is therefore important (Ogeh and Osiomwan, 2012), and maintenance of the soil resources is a key issue for sustainable production as it was observed in the oil palm plantation. 
Conclusion and Recommendations
The study concluded that oil palm (Elaeis guineensis Jacq.) plantation has degraded soil properties in a rainforest especially sand, clay, water holding capacity, soil pH, organic carbon and biological activities over time. The study thus recommended that there should be improvement in the management and planting of the oil palm plantation in order to ensure adequate plants diversity around plantation for increased soil nutrient formation. Proper maintenance around oil palm plantation should be ensured to improve fertilization and promote quality design of the distinctive zones within plantation.	 The government should ensure that they properly access lands designed for oil palm plantation because of the nature of soil use of the plantation and encourage adequate soil management in areas already put to plantation. Reduced biological activity may be sustained through elevated biological activity as this will have strong potential to contribute to ecosystem functions such as litter decomposition, nutrient cycling and organic carbon stabilization, and ultimately palm oil productivity. The application of crop residue in oil palm ecosystems may therefore also have a role to play in enhancing the soil resilience to climate change effects in the tropical rainforest ecosystem. The proper implementation of suitable management practices will be crucial for sustainable development of oil palm cultivation in the tropical rainforest ecosystem.
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