Comparison of the Trees Species Composition, Diversities and Soil physicochemical properties in Well – Drained and Poorly – Drained locations of Ukpon River Forest Reserve

Abstract
The differences in the distribution and abundance of plant species in any environment are therefore indications of the variation in biophysical components of the environment such as soil, water, topography among others. This study was aimed at examining the effects of soil variables on tree species composition in well-drained and poorly- drained locations in Ukpon River Forest Reserve. A random Sampling Technique was used to establish 8 plots of 50m×50m, with 4 in each of the selected sites. Data on Vegetation and soil samples were collected. Species composition, richness, evenness, dominance, relative density and Importance Value Index (IVI) of tree species were determined. Soil profiles were established and samples collected for soil properties analysis following the standard methods. Data were analyzed using descriptive statistics using SPSS software and PAST 4.0 version to compute for diversity indices. A total of 194 and 207 species belonging to 25 and 20 families were recorded for well-drained and poorly- drained sites respectively. The highest number of individual species of 44 was recorded in the family Leguminaceae at the well-drained site and 50 individual species recorded for the Meliaceae at the poorly- drained site. Tree families such as Ebenaceae, Francoaceae, Meliaceae and Myrtaceae were not present at the well-drained site while the families Leguminaceae and Bombaceae were well represented at the both locations. The Importance Value Index (IVI) revealed that Piptadeniastrum africana has the highest value of (15.63) and is the most dominant at the well-drained site while Entandrofragma Spp (30.18) is the most dominant at the poorly drained site. The values of 3.397, 18.406 and 2.260 for Shanon Weiner Index, species richness and evenness index, respectively, at the well-drained site were not significantly different (P>0.05) from 3.050, 20.674, and 2.168, respectively, at the poorly drained site. The physicochemical properties of soil in the study area showed that only silt, pH, and Na were significantly different (P<0.05) in the two sites. The species dominance and species richness were higher in soils with textural class of sandy-loam at the poorly drained site. The lower pH with higher organic carbon and available phosphorus at the well-drained site showed a higher evenness and diversity index. The study revealed that various soil variables and the topography of the sites had a relationship with tree species composition and distribution. This study was aimed at quantifying habitat characteristics such as tree species diversity in relation to soil variables in well and poorly drained sites of Ukpon River Forest Reserve to enhance effective forest regeneration, management and decision making. Piptadeniastrum africana belonging to the family Fabiaceae and Entandropragma heudelotii belonging to the family Meliaceae are recommended for effective forest regeneration in well- drained and poorly- drained soils.   
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Introduction  
The rapid increase in human population world over have led to increase in anthropogenic activities with in and around the Forest Reserves especially in Nigeria and have led to the loss of biodiversity in protected areas (Omoro et al., 2010; Ogwu et al., 2016). Knowledge on the current status of trees species composition, diversity and abundance will provide information on their management and conservation as well as identifying their ecological usefulness (Suratman, 2012). Higher trees species composition will increase ecological niches and provides species conservation, prevent soil erosion and preserve habitat for plant and animals (Kanoswski et al 2003; Armenteras et al., 2009). Trees fulfil certain physiological, social and cultural needs of urban dwellers (Dwyer et al., 1991). They play a social role in easing tensions and creating a serene environment that helps relax the minds of dwellers in the urban environment (Ulrich, 1990). The knowledge of the tree flora of a community will enable inhabitants to positively relate with the trees as well as promote the diversity and sustainable management of the trees.  Past studies have concentrated more on assessing tree species diversity, sidelining its relationship with soil properties (Adeduntan, 2009; Adekunle, et al., 2013; Omomoh, et al., 2019). Understanding the responses of species diversity to soil nutrient factors would enhance the knowledge on species coexistence and also promote effective conservation strategies.  Apart from overexploitation which is considered as the major caused of biodiversity loss, topography and soil moisture content have been reported to influence trees species composition and abundance (Behrens et al., 2010). Waide et al., (1999) reported that the relationship between plant biodiversity and productivity may vary according to different habitats and can also be influenced by other abiotic and biotic factors. Janssens et al., (1998) reported a positive relationship between plant biodiversity (richness and diversity) and the concentration of extractable P and K in soil. According to Wright, (2002), high plant biodiversity in tropical forest stands is caused by high stable temperature, high humidity, soil moisture, high solar radiation and topographic characteristics. Studies have also revealed that seed dispersal methods, natural enemies, competitors and soil types impact on the floristic composition of a given area (Potts, 2002; Krietel and Chase 2004). Deficiencies of calcium (Ca) and other base cation due to leaching in the soils of Northeastern United States have been reported to cause decrease in primary productivity, canopy die back and trees mortality (Wilmot et al., 1996; Likens et al., 1998).

Topography and geomorphometric variables are key driver of tropical forest structure, composition and soil attributes, as it constrains local nutrients and hydraulic conditions within which trees grow (Behrens et al 2014). Topography is also considered a the main factor controlling water and nutrient availability to plants thus affecting distribution, diversity and primary productivity of plant community (Boyden et al 2012). Kumar et al. (2010) reported a positive correlation between trees species richness and soil nutrient composition in a dry deciduous forest of Western India. Chuturvedi and Raghubanshi (2018) reported an increase in important value index (IVI) in Acacia catechu, Lagerstroemia parviflora, Lannea coromandelica and Zizyphus glaberrima as the level of soil moisture content decreased and defines their ability to tolerate drought than other in the community. In a tropical rainforest, the type of soil influence the behavior and availability of water to plant roots required for growth and survival.
Soil with loose structure that allows for rapid movement of water and air through the soil particles and drains at the average rate of 4 inches per hour is known as well – drained soil. Compacted and clay soil can drain slowly and cause plants roots to sit too long in wet conditions and are regarded as poorly – drained soil.  Soil drainability affects availability of moisture content leading to changes in the structure and function of forest ecosystem. Studies on trees species composition, diversity and soil properties of Ukpon River Forest reserve have been reported but information on the effects of soil drainability of trees species of the study sites and that of other Reserves is yet to be established. Therefore this study is aimed to compare trees species composition, diversity and soil properties of well – drained and poorly – drained locations of Ukpon River Forest Reserve.
Materials and Methods

Study Area
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The study was carried out at the Ukpon River Forest Reserve located on latitude 50 78’ – 50 46’ N and longitude 8o 32’ – 80 19’ E. The Reserve which is located in Obubra L.G.A has a total area of 12,950 hectares and is managed by the Cross River State Forestry Commission. The mean annual rainfall ranges from 2400 – 4000mm and is fairly distributed throughout the months of April to October with an annual temperature range of 27.6 - 33.1oC. The Reserve lies within the lowland rainforest with fresh water swamp at the fringes of Ukpon River and Derived Savannah north of the Reserve with heterogeneous in floristic composition. The topography varies from undulating land on the south and southwestern parts to rugged and hilly land on the North and Northeastern part of the Forest reserve.  The main occupation of the communities around the Forest Reserve is farming, hunting and lumbering. 

Figure 1: Map of Cross River State showing the location of the Forest Reserve

Method of sampling and data collection
A random sampling Techniques was used to established 4 Temporary Sample plots of 50m x 50m in using a systematic line transect method according to Akindele et al. (2021). A total of 12 samples, 4 from each sample plot were collected for soil analysis. Global Positioning System (GPS) was used to locate the sample plots. 

All trees species on each sample plot were tagged, measured, identifies and classified into families. The number and scientific names of all the tree species encountered in each plot were recorded. Leaves of trees not identified on the field were collected and taken to the herbarium for proper identification using botanical identification manual (Okpeke, 1987). Tree growth variables such as diameter at breast height (DBH) ≥ 10 cm and the total height was measured using Spiegel relaskop.

Diameter at breast height (DBH) and Height (H) were used to calculate Basal Area, Frequency, Relative Frequency, Relative Density, Relative Dominance, and Importance Value Index (IVI) according to Ogwu et al (2016)
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  ………………… (1)

Where D = Diameter at breast height (cm) and π = Pie (3.142)

Where; [image: image2.png]No of quadrat in which species occurred
Total No of quadrat sradied.

Frequency



 x 100 …………. (2)
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 x 100 …………………….. (5)

 Relative abundance = Relative Density (RD)………………. (6)

                                           100

The various trees species were classified according to their relative densities (RD) as abundant (RD ≥ 5.00), Frequent (4.00 ≤ RD ≥ 4.99), occasional (3.00 ≤ RD ≥ 3.99), rare (1.00 ≤ RD ≥ 2.99) and threatened (0.00 < RD ≥ 1.00) according to Ogwu et al (2016)
Importance Value Index (IVI) =RD + RF + RDo………………. (7)

                                                                 3

Where RD = Relative Density; RF = Relative Frequency, RDo = Relative Dominance (Panwar and Bhardwaj, 2012)

Species diversity index was calculated using Shannon-Weiner diversity index
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………………. (8)

Where H’= the Shannon-Wiener index

  pi= the proportion of individuals belonging to species i

 ln=the natural log (i.e., 2.718)

Margalef species richness index (D) used to measure the species richness according to Margalef (1948)

D =         (S- 1)       
                 InN      …………………………. (9)

Where S = Number of species and N = Number of individuals
The species Evenness (EH): Shannon’s equitability equation was adopted to obtain the species evenness in each plot (Kent and Coker, 1992).
       [image: image7.png]21 P In(P) +In(S)




 ……………………………(10)
Physicochemical Properties Analysis
Soil samples at the depths of 0 – 15cm, 15 – 30cm and 30 – 45cm were collected along the diagonal using the soil auger according to Akindele et al. (2021). The samples collected within each sample plot and depth were bulked together and air dried, sieved with a 2mm net and transferred to the laboratory for physicochemical analyses. The selected soil properties investigated were sand, clay, silt, phosphorus, calcium, magnesium, potassium, aluminum, sodium, pH, total nitrogen, organic carbon, organic matter, exchangeable cation capacity (ECC) exchangeable acidity (EA), electric conductivity (EC), base saturation (BS) and bulk density. The chemical properties were analyzed using various standard laboratory methods. Total nitrogen was determined using micro Kjeldahl apparatus according to Martins et al. (2015).  Sodium (Na) and potassium (K) concentrations were done using the flame photometer while calcium (Ca) and magnesium (Mg) were determined using the Atomic absorption spectrophotometer (AAS). Soil Soil pH was determined using glass electrode pH meter while conductivity will be determined following the procedure of Clay et al (2012).
Statistical data analysis
Data obtained from the soil physicochemical properties were subjected to descriptive statistics to compute for means and standard deviation of each parameter. Comparison of the data for the locations was done using independent T test. The analyses were computed using statistical package for social sciences (SPSS) version 20. Paleontological statistical (PAST 4.30) software was used to compute for the diversity indices. 

Results 
The result of the trees species composition in the study area in the well- drained and poorly – drained locations is presented in Table 2.  The result shows that they were more individual trees species in the poorly – drained (207) than the well – drained (194). About 25 trees families were encountered in the well – drained area as against 20 in in the poorly drained location in the study area. The result also showed that 11 out of the 29 families encountered in the study area had individual species in both well – drained and poorly- drained locations. The families are Bombacaceae, Burseraceae, cercropiaceae, fabaceae, leguminaiosceae, meliaceae, morceae, myristicaceae, sapotceae and sterculiaceae while the rest either had individual species in well – drained or poorly – drained. Entandrophragma (spp) had the most individuals of 18 trees followed by Sterculia oblonga (15) and Khaya anthotheca (13) in the poorly- drained. The most encountered individual species in well – drained is Piptadeniastrum africana (15) followed by Ricinodendron heudelotii (10) while Picralima  nitida (6) and Pentaclethra macrophylla  (6).  The family Meliaceae shows dominance with seven (7) tree species spread across 50 individual tree species. The family Sapotaceae followed closely with five (5) tree species, Sterculiaceae and Leguminaceae have four (4) tree species respectively in the poorly – drained location. The family leguminaceae shows dominance with 11 tree species and 44 individual trees in the well – drained location. It is followed closely by Moraceae and Fabaceae with 7 and 6 species respectively. Anisophilleacea, Clusiaceae, Cercropaceae , Compretaceae, livingiaceae Malvaceae, Merbebaceae Rutaceae, Rubiaceae, Saccoglobiaceae, Sterculiaceae, Simaraoubacceae and Ulmaceae have 1 tree species each.

Table 1: Trees species composition in a well-drained and poorly- drained locations in Ukpon River forest reserved. 
	S/N
	Families
	Species
	Number of Individual trees species

     

	
	
	
	Well-Drained
	Poorly-Drained

	1
	Anisophylleacea
	Anisophylla purpurascens
	1
	· 

	2
	Apocynaceae


	Alstonia  boonei

Antiaris  aficana

Funtumia elastica

Picralima  nitida
	3

2

-

6
	-

-

5

-



	3


	Bombacaceae


	Bombax  bounopozense

Ceiba pentandra
	4

2
	5

-

	4
	Burseraceae


	Canarium schwenfurthii
Dacryodes deulis
Discordis climiapar

Santria trimera

	1

2

1

2
	9

9

-

-

	5
	Caesalpiniaceae


	Cryptosepalum pellegrinianum 

Goswelorodendron balsamiferum 

Hylodendron garbonensis
	3

5

4
	-

-

-

	6
	Cluciaceae 
	Alanblankia floribunda
	2
	-

	7
	Cercropiaceae
	Musanga cercropiodes
	2
	4

	8
	Compretaceae
	Terminalia superba
	3
	-

	9
	Ebenaceae 
	Diospyros mespiliformis
	-
	3

	10
	Euphobiaceae
	Mitrigyna cyliata  
	2
	-

	
	
	Nauclie diderechi

Ricinodendron heudelotii
	2

10
	-

-

	11
	Fabaccae
	Daniellia ogea
	3
	-

	
	
	Didelota africana

Millettia macrophylla 

Pentaclethra macrophylla 

Piptadeniastrum africana 

Pterocarpus osun (spp)
	2

2

6

15

3
	-

-

7

-

4

	12
	Francoaceae
	Bersema abyssinica
	-
	3

	13
	Flacourtiaceae


	Homalium letestui

Scottelia coriacea 
	3

1
	-

-

	14
	Irvingiaceae


	Cylincodiscus garbonensis 

Irvingia garbonensis
	1

3
	-

-

	15
	Leguminioseae 
	Afzelia Africana 
	3
	-

	
	
	Albizia feruginea (spp)
	3
	5

	
	
	Amphimas pterocarpoides
	9
	4

	
	
	Anthonatha macrocarpum 
	5
	-

	
	
	Baphia gracilipis (spp)
	8
	-

	
	
	Berlinia sapida (spp)
	2
	-

	
	
	Brachystegia eurycoma
	3
	-

	
	
	Deterium microcarpum (spp)
	6
	         -

	
	
	Dialum guinensis 
	1
	         -

	
	
	Distemonanthus bentamianus
	2
	         7

	
	
	Erythrina mildbracdii 
	-
	         5

	
	
	Parkia bicolor
	2
	         -

	16
	Meliaceae
	Carapa procera
	-
	         9

	
	
	Entandrophragma (spp)
	-
	         18

	
	
	Guarea thompsonii 
	         -
	         6

	
	
	Heckeldora stoudii 

Khaya anthotheca (spp) 

Lovao trichiliodes 

Trichila prieuriana (spp)
	-

-

1

    -
	         1

         13

         3

         10

	17
	Malvaceae
	Triplochiton scleroxylon
	1
	4

	18
	Merbebaceae
	Vitex doniana
	2
	-

	19
	Moraceae 
	Bosquea angolensis 
	10
	-

	
	
	Fecus vogeliana
	-
	3

	
	
	Garcinia cola 
	1
	6

	
	
	Lannea welwitchie
	1
	-

	
	
	Mamea africana 
	4
	-

	
	
	Melicia eccesa 
	3
	-

	
	
	Poga oleosa
	2
	-

	
	
	Treculia africana
	3
	-

	20


	Myristicacene


	Pycnanthus angolensis

Stautia stipitata 
	              2

             2
	4

-

	21
	Myrtaceae
	Combratodendron macrocarpum 

Scottelia coriaceae
	             -

      -   
	5

1

	22

	Rutiaceae

	Fagara macrophylla
Zanthoxylum Lamairei

	          5                                
    -
	1

1

	23


	Rubiaceae


	Morinda Lucida 

Parinaris africana    
	          -

          1
	4

-

	24


	Sapindaceae


	Blighyia Sapida

Eriocoelum Macrocarpum

LecaniodiscusCapanoides
	             3

1

-
	-

-

2

	25
	Saccogobiaceae
	Sacccoglotis garbonesis
	             1 
	-

	26


	Sapotaceae


	Baillonella toxisperma
Chrysophyllum pentagonocarpum

Gambeya albida
Lophira alata 
Synsepalum Stipulatum
Vincentella revoluta
	-

             -

2   

             2

             -

             - 
	8

1

3

-

5

5

	27


	Sterculiaceae


	Cola hispida (spp)

Mansonia altissima 

Octolobus angustatus

Sterculia oblonga
	             -

             -

             - ​

            4
	6

1

                 2

15

	28
	Simaroubaceae
	Honnoa klaineana
	1
	-

	29
	Ulmaceae
	Celtis philipensis (Spp)
	3
	-

	
	
	
	
	

	Total 
Families                                                                            

                                     
	194

25
	207

20


Result of the tree species, their basal area, relative density, dominance importance value index of in the two locations in the study area is presented in table 2. The result revealed that the basal area, relative density, relative dominance and importance value index ranged from 0.031 – 11.089m 0.05 – 7.53%, 0.02 – 7.51% and 0.85 – 15.63 respectively in the well – drained location. While the value were 0.068 – 5.991m2, 0.5 – 9.05%, 0.09 – 18.43% and 1.27 – 30.18 respectively in the poorly – drained location. The result also revealed that trees encountered in the well – drained sites had the lowest growth variables such as relative density, dominance and importance value index except basal area (11.089m2) which was higher than in poorly- drained (5.991m2)
Table 2: Trees species, their basal area, relative density, dominance, importance value index and relative abundance.
	Growth variables
	Location

	
	Well – drained
	Poorly – drained

	Basal area
	0.031 – 11.089
	0.068 – 5.991

	Relative density
	0.05 – 7.53
	0.5 – 9.05

	Relative dominance
	0.02 – 7.51
	0.09 – 18.43

	Importance value index
	0.85 – 15.63
	1.27 – 30.18


Diversity indices of trees species composition in the well – drained and poorly – drained locations is shown in table 4. The result revealed that Shannon wiener index (H), and species richness indicate that the higher the value the more the diversity, while evenness index, indicate pattern of distribution of species variation. If the value of evenness index recorded is high, it implies that the distribution pattern is uniform for individual of all species in the study area. Also for index of dominance, the high value means that one species is dominating more than others. The result also indicates that all the indices used were not significant (P>0.05) except index of dominance which was higher (P<0.05) in poorly drained than well-drained. The result also indicates that Shanon Weiner (3.397) and evenness (2.260) of trees in well-drained area were higher while species richness (20.67) was higher in poorly drained area.
Table 3: Shannon Wiener Index, Species Richness, Evenness and Index of Dominance in the poorly and well drained soils

	Location
	Sample Plot 
	Shannon-wiener index (H)
	Species Richness
	Evenness index Ei
	Index of Dominance

	Poorly drained 
	1.
	2.99
	13.7552
	2.1664
	0.0509

	
	2.
	2.85
	12.4911
	2.1231
	0.0584

	
	3.
	3.27
	40.0630
	2.2361
	0.0448

	
	4.
	3.03
	  16.3886
	2.2252
	0.0747

	Well drained  
	1.
	3.01
	15.5010
	2.1272
	0.0450

	
	2.
	3.35
	17.0689
	2.2680
	0.0400

	
	3.
	3.44
	20.1160
	2.2278
	0.0356

	
	4.
	3.79
	20.8780
	2.4168
	0.0428

	SUMMARY 

	Location 


	Shannon-wiener index (H) 
	Species Richness (Sr) 
	Evenness index (Ei)
	Index of Dominance ∑(Pi)2

	Poorly -drained 
	3.0350 ± 0.175a


	20.6745±13.027a


	2.1877 ±0.053a


	0.0572 ± 0.014a



	Well- drained
	3.3975 ± 0.321a


	18.3910 ±2.54a


	2.2600±0.120a


	0.1634 ± 0.004b




The mean values of the physiochemical properties of soils in the study area as shown in Table 4, revealed that silt, pH and Na were significant (P<0.05) whereas  all other parameters were not significant (P>0.05). The mean values of sand (84.800), pH (5.388) and BD (1.790) were higher in poorly-drained area while other parameters were higher in well- drained area
Table 4: Mean comparison of the physicochemical properties of soils in Upkon River Forest Reserve.
	Properties
	Location

	
	Poorly -Drained 
	Well -Drained

	Sand (%)
	84.8 ± 3.521
	80.467 ± 7.659

	Silt (%)
	5.3 ± 0.870b
	9.303 ± 2.338a

	Clay (%)
	9.827 ± 3.266
	10.16 ± 5.621

	PH
	5.388 ± 0.379a
	3.775 ± 1.772b

	ECDs/m
	0.215 ± 0.212
	0.231 ± 0.192

	Organic matter (%)
	3.763 ± 0.849
	4.325 ± 1.995

	Total N (%)
	0.092 ± 0.023
	0.112 ± 0.049

	AV.P Mg/kg
	9.457 ±  8.135
	25.05 ± 38.985

	Ca
	13.333 ± 6.373
	17.15 ± 4.278

	Mg Cmol/kg
	4.44 ± 2.147
	5.792 ± 1.498

	Na
	0.153 ± 0.033a
	0.115 ± 0.042b

	K
	0.163 ± 0.078
	0.202 ± 0.11

	EA
	1.787 ± 0.719
	2.24 ±  0.888

	EX.AL
	0.562 ± 0.264
	0.713 ±  0.334

	ECEC
	24.545 ± 15.012
	26.42 ± 5.236

	B.s (%)
	89.577 ± 4.724
	91.412 ± 4.715

	BD.
	1.79 ± 0.228
	1.622 ± 0.368

	Mean with the same superscript under the same rows are not significant (p<0.05). 


Discussion 
A total of 60 tree species belonging to 25 families were encountered in the study area. The family Leguminaceae was the most ecologically dominant species comprising of 11 tree species with 44 individuals. This was followed by Moraceae and Fabaceae with 7 and 6 tree species respectively. The number of tree species (60) recorded in this study area is higher than 52 and 50 tree species recorded by Ikyaagba, et al., (2015) and Edu (2017). Aigbe and Omokhua (2014) recorded a much higher tree species (72) composition with lower families of (30) in Oban Forest Reserve of Cross River. The slight high in population recorded in the study area may be attributed to favourable microclimate within the forest and availability of viable seeds of trees to sustain regeneration. Thus disagrees with the findings of Christie and Armesto (2003) who reported a low population densities of quite a number of economically valuable tree species occasioned by dearth of viable seeds and poor micro sites for regeneration, The dominance of the tree species of the familIies Leguminaceae, Moraceae, Meliaceae and Fabaceae in this study is in line with those of Edu (2017) and Edet et al., (2012) at Ukpon River and Afi Forest Reserves respectively. However, some families such as Ebenaceae, Malvaceae, had less than (3) species which is also typical of West African families (Abbey 2006; Richard 2007). Ahua and Pabi (2013) who asserted it could be attributed to their role in rural livelihood and soil fertility which earned them protection. The absence of some preferred timber species is an indication that the forest possess some characteristics of secondary forest, possibly as a result of anthropogenic impacts occasioned by bush burning and agriculture. Over exploitation and utter conversion of forest ecosystem result in the decimation of tree species (Iroko et al., 2008). The tree families of Anisophylleaceae, Cluciaceae, Compretaceae, Caesalpiniaceae and Cruciaceae had no single representation of individual tree species in the poorly drained area of the study area, indicating that soil factor can contribute to tree species growth and survival. This was in line with Iwara et al., (2012), who reported that variation in soil physical and chemical properties influences the speciation and distribution pattern of flora in a given environment. The basal area of tree species in the study area, ranged from 0.031-0.089m for diverse tree species with the total basal area of 147.615m for the well -drained and 32.502m of the poorly drained sites. Bombax bounopozenze had the highest basal area of 11.089m, whereas 5.991m was recorded for Entandropragma heudelotii as the highest in the poorly drained sites.  The basal area values recorded in this study was higher than the 0.0123-4.2419m2   and a total 25.498m2 recorded Edu, (2017) and 35.9m2/ha Onyekwelu (2007) in Cross River Reserves and Oluwa Forest Reserves respectively. When compared to some rainforests around the world, the site investigated could be considered to be species poor.  Rich rainforest could have number of trees species as high as 400m2 /ha (Nwoboshi, 1982). Entandrophragma species had the highest relative density value of 9.05%, thus the most dominant in the poorly-drained site while the Well-drained site had Piptadeniastrum africana with (7.73%) as the highest. The lower density of some important tree species revealed that there may have been some deforestation activities, though regulated. The importance value index revealed that Piptadeniastrum africana with the highest 15.65 at the well-drained and Entandropragma species with 18.21 IVI at the poorly-drained sites. This implies that some tree species adapt to a specific range of climate and soil condition (Zhigila et al., 2016). The value of Shannon-weiner index measures the relative abundance of species. The value of Shannon-weiner index for well-drained (3.39) and poorly drained site (3.050) in this study were quite higher compared to 2.20-2.65 for tropical forest of kodayar in the western Ghats of Soutern India (Sundaranpandian et al.,., 2000). The values can as well be compared to tree species diversity values in tropical forests of Kalakad Reserved forest in Western Ghats which were reported as 3.31 and 3.69 (parthasarathy et al.,.,  1992), 3.795 at Oban Forest Reserve (Aigbe and Omokhua, 2015) and 4.34 at Afi mountain Reserve (Edet et al.,., 2012). The value in this study was higher than the 2.54 reported by Edu (2017) at selected Forest Reserves in Cross River.  Species richness index measures the variety of species. It takes into consideration the total number of a particular species in relation to the total number of individuals within the forest stand (Gebreselasse., 2011). Base on the result of the species richness index obtained for this study 20.674 and 18.406 for poorly and well drained areas respectively. This is an indication of high species richness when compared with the values of 10.444 recorded for Afi Forest Reserve (Aigbe et al., 2014), 6.36-8.08 for Kibale Forest and 7.54-8.20 for kasyoha-kitomi forest all in the rift of, Uganda (Eihe et al.,  2004). The value in this study was also higher than the 1.90-12.67 recorded for Cross River Forest Reserves by Edu (2017). The higher values in the poorly drained soils, is an indication that it has more diversity of tree species than they are in the well drained site. This finding agrees with Houston (1993) who revealed that species distribution of tropical trees shown in various spots in a continuous forest, affects pattern of distribution.  Species evenness is a measure of the relative abundance of species that make up the richness of an area. The higher the values of evenness the more even the species are in their distribution (Kent and Corker 1992). In this study the evenness index values of 2.188 and 2.260 for poorly and well drained sites were higher than the 0.887 recorded Aigbe and Omokhua, (2014) in Oban Forest Reserve, 0.907 obtained by Aigbe et al.,.,  (2014) in Afi River Forest Reserve and 1.90 for Cross River South Forest Reserve by Edu, (2017). However the values were similar to the 2.09 and less than 12.67 obtained by Edu (2017) for Cross River North Forest Reserve respectively.     Index of dominance shows, that two individuals drawn at random from a population belong to the same species. The higher the index of dominance values the lower the diversity of the species Aigbe et al., 2014). The values of 0.057 and 0.041 in the poorly and well drained sites shows, they are low, indicating, that one particular tree species is dominating more than the others.

The influence of soil property on the distribution of flora has been documented by some scholars in the past. Aweto (1981) identified organic and clay proportion as soil variables that exerted marked influence on the distribution and abundance of tree species. This study recorded high value of soil variables indicating high fertility. Ukpong (1994) identify nutrients and salinity as factors explaining species variation in mangrove swamps whereas John et al., (2007) identify soil pH as the strongest soil factor that influenced the distribution of species in the tropical forest. Soil pH values of 5.388 and 3.775 were obtained from the poorly and well drained sites respectively. A higher pH at the poorly drained site may have been responsible for slight high in tree composition. Udo et al., (2007) reported that Mn, Clay and total N, influenced species distribution mostly weeds. The soil texture, Salinity, effective depth, Available Nitrogen, Potassium, Organic matter, lime and moisture are major factors influencing variation in the pattern of vegetation (Zare et al.,.,  2011). In this study the soil properties of both sites were similar except pH and Na that were lower (p<0.05) in well drained site with a higher Silt (P<0.05). This agrees with the assertion of many researchers of their effects on tree species distribution (Zare et al., 2011). The chemical composition of the study sites showing a higher Organic Matter, Phosphorus, total Nitrogen and lower bulk density at the well -drained soils may have been responsible for a higher species evenness and diversity index. Edu (2017) reported that a low pH of the Ukpon River Forest Reserve was responsible for the lower species diversity, dominance index and high evenness. This finding also agrees with the assertion of John et al. (2007) and Zare et al., (2011). The higher index of dominance recorded at the poorly drained site may be attributed to a much lower organic matter and Phosphorus. This finding agrees with Houston (1993) who reported that low fertility soil generally favours higher tree species dominance. The soil variables in relation to tree species diversities of the study sites were closely related. This was in line with the assertion of Nasdeau and Sullivan (2015) who noted that species diversity was not related to soil variables Fe, Organic Carbon, K, P, and total Nitrogen. However contradict the findings of Potta et al., (2002) who reported that tree species distribution, dominance and evenness correlates with soil chemical properties and possibly topography.

Conclusion
The result obtained in this study did not show a significant variation in species composition and soil properties in the study sites. However, slight changes in textural class, pH, organic carbon and available potassium (k) may have influenced the occurrence of trees families such as Ebenacea, Francoaceae, Meliaceae and Myrtaceae at the poorly -drained site. This may also have been responsible for an increase mean values of species richness and index of dominance at the poorly drained site. The important value index which shows Piptadeniastrum africana as the most dominant species at the well - drained site and Entandrofragma Spp. at the poorly- drained site suggested that they are tolerant to the soil variables of the sites. 
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