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CHARACTERIZING MEASURES OF ABOVEGROUND BIOMASS PARAMETERS 

OF IRVINGIA GABONEENSIS (BUSH MANGO) AND RAINFOREST IN ISOKO 

REGION, NIGERIA. 

 
 

 

Abstract 

This research characterised measures of aboveground biomass of isolated Irvingia gaboneensis 

stands within Isoko South Local Government Area’s rainforest, Nigeria. The design of the 

study was based on quasi experimental approach. The region was divided into 10 based on the 

existing major communities using stratified sampling technique. From each community, an 

isolated I. gaboneensis stand was chosen while the adjacent mature rainforest served as control 

thus, gave a total of 20 sampling sites. Data collected were tree heights (TH) and diameters at 

breast height (DBH) which were easily obtained through quadrant (10metre x 10metre) 

approach. Measurement and methods of trigonometry were employed in the determination of 

TH, while measurement using tape was employed to measure the tree DBH. The data were 

analysed with the use of graphs, mean, standard deviation (SD), coefficient of variation (CV), 

t-test and regression statistics. Findings showed that: The mean, SD and CV for the TH were 

28.57m, 2.08m, 7.28% for the stands of I. gaboneensis; and 34.50m, 1.17m, 3.39% for adjacent 

rainforest trees (ART). The mean, SD and CV values for tree DBH were 0.43m, 0.02m, 4.65% 

for the stands of I.  gaboneensis; and 0.73m, 0.01m, 1.37% for the ART. With t-value and p-value 

of 6.9810 and 0.0000 for TH; 11.9940 and 0.0000 for DBH, the differences in the aboveground 

biomass parameters between I. gaboneensis and ART are significant at 95% alpha level. Height of 

I. gaboneensis correlated weakly with DBH; while the relationship between TH and DBH is not 

significant at 95% alpha level, for I. gaboneensis and RF. The aboveground parameters of the 

standing I. gaboneensis shows that it supports effective productivity and functioning of the RF 

ecosystem thus, its conservation is necessary. 

____________________________________________________________________________ 
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at breast height, tree heights. 

 

 

 1: Introduction 

Aboveground biomass parameters of tree stands are essential in nutrient mobilisation and 

storage for productivity and functioning of rainforest ecosystem. Aboveground parameters of 

trees serve as part-ways for the transport of nutrient elements within standing trees for their 

growth, production and development (Ndakara, 2014; Okwuokei & Ndakara, 2022). Tree 

biomass attributes such as tree heights, tree girths, canopy cover, and litter production account 

meaningfully for the role of such tree stand and how it influences the soil underneath (Ndakara, 

2012a). The levels of influence of individual tree species (TS) on the soil also vary due partly 

to the biomass attributes. It is therefore, important to study the biomass parameters of certain 

tree species such as the Irvingia gaboneensis which is an indigenous rainforest tree species in 

order to comparatively characterize them with those of other rainforest trees. 
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The height of trees within rainforest is an essential structural trait that is very critical in 

the ecological study of forest ecosystem, as well as for the important role in the estimation of 

aboveground biomass. Studies revealed that tree heights are not easy to ascertain in rainforest 

because of the dense nature and stratification of the trees contained. To achieve accuracy in the 

measurement of tree heights depends on several conditions such as the observer’s experience 

and type of instrument used during measurement exercise (Englhart, Jubanski & Siegert, 2013; 

Mason, Beets, Payton, Burrows, Holdaway & Carswell, 2014; Ndakara, 2014). However, a 

precise measure of tree height is an important approach for estimating carbon store in forest. 

Determining tree heights is necessary because trees within forest communities compete for 

sunlight which is a key determinant factor for trees that can flourish or be suppressed to death 

thus, giving ways to further plant succession (Feldpausch, Lloyd, Lewis, Brienen, Gloor, 

Mendoza & Phillips, 2012). 

One of the ecological relevance of tree height is its role as an essential indicator of forest 

ecosystem’s fertility, productivity and suitability as habitat for organisms (Ndakara, 2014). 

Tree height accounts for the health of any forest ecosystem since climate-induced activities can 

alter and affect growth processes. In most cases, measuring the height of trees in biodiversity 

and ecological studies characterizes the histories of tree species and their populations within 

the forest ecosystem (Fayolle, Doucet, Gillet, Bourland & Lejeune, 2013; Hunter, Keller, 

Victoria, & Morton, 2013). According to Ndakara (2009), Englhart et al. (2013), 

biomass determines the possible carbon emission which could be released into the atmosphere 

owing to deforestation, while biomass changes within forested region are associated with 

several important outcomes in forest ecosystem functional attributes, as well as climate change 

(Lambrick, Brown, Lawrence & Bebber, 2014). Plants biomass parameters such as tree heights 

and diameters at breast height absorb carbon (IV) during growth and release same during 

combustion thus, recycling atmospheric carbon (Ndakara, 2012b). 

Tree height is an important physiognomic property of vegetation which accounts for the 

vegetation physiognomy that represents the functional characteristics of vegetation which 

explains plants adaptive role for survival in existing environment (Ndakara, 2009). With 

respect to nutrient cycling, tree height plays a functional role in the spread of tree litter 

(Feldpausch, 2012; Ndakara, 2012b). Shorter tree stands tend to concentrate their litter directly 

underneath the tree stands, while taller trees spread their litter due to the influence of wind 

before they get to the ground. 

Litter production has been presented as the weight of dead materials of both plant and 

animal origins which reach unit area of the soil surface within a standard period of time 



 

 3 

(Chapman, 1976; Londe, De Sousa & Kozovits, 2016). Indeed, researches have reported that it 

is not all materials that die that fall to the ground immediately (Ndakara, 2012c; Barrios, 

Sileshi, Shepherd & Sinclair, 2012; Ndakara, 2014). The production of litter by the above 

ground vegetation represents a major component of the net primary production, and its 

measurement is important whether it be in relation to primary production, or for consideration 

of other relationships within the ecosystem (Sanford & Cuevas, 1996; Ndakara, 2012a; 

Kazumichi, Makoto, Kaoru, Tomoaki, Kanehiro & Benjamin, 2018). 

Since mineral elements are being immobilized in the biomass parameters of trees, 

increase in nutrients within topsoil would depend on the balance between the loss of nutrients 

from the topsoils, and rate of mineral element replenishment in the topsoil (Ndakara & Ohwo, 

2022). The nutrient elements immobilized in the standing crop of fallow vegetation make up 

the total nutrients which would be available to crops during the cropping period; while nutrient 

storage varies amongst different ecosystems.  

The main objective of this research was to ecologically characterize measures of the 

aboveground biomass of Irvingia gaboneensis in the rainforest environment of Isoko region. 

This is with the aim of ascertaining the essential qualities and resource values of Irvingia 

gaboneensis, and comparatively analysing its attributes with those of other rainforest tree 

species. 

 

2: Materials and Methods 

2.1. Study Area 

The study was conducted within Isoko south in Nigeria, with land area covering about 

668km
2
. Geographically, Isoko south is latitudinal between 5

0
33'N and 5

0
14'N, and 

longitudinal between 6
0
04'E and 6

0
24'E (fig. 1). The climate is that of Af Koppen’s 

classification, with two different air-masses that influence the regional seasons. These air-

masses are the tropical maritime (MT) and tropical continental (CT) commonly called the 

South-West and North-East trade winds respectively (Efe & Ndakara, 2010; Ndakara & Eyefia, 

2021; Ukoji & Ndakara, 2021). The vegetation comprises rainforest, fresh water swamp and 

derived savanna landscape. Trees within the rainforest maintained the structural tier which 

characterizes typical rainforest.  
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Several species of RF trees that were seen in the RF sites include species such as 

Ricinodendron heudelotii, Terminalia superba, Ceiba pentandra, Antiaris toxicaria, 

Triplochiton scleroxylon, Piptadenastrium africanum and Pentaklepta macrophylla. Owing to 

the prevalent agricultural practice of shifting cultivation, most of the original forest has been 

destroyed and the landscape is now dominated by a mosaic of different stages of farms and 

succession communities (Ndakara, 2012c); this has reduced the progressive status of the 

rainforest due to anthropogenic activities, from sustainable development level (Zhang, Devers, 

Desch, Justice & Townshend, 2005; Obi & Ndakara, 2020; Suzuki, Kobayashi, Seidl, Senf, 

Tatsumi, Koide, Azuma, Higa, Koyanagi, Qian, Kusano, Matsubayashi & Mori, 2021; Ohwo 

& Ndakara, 2022). The rainforest vegetation depends on the total annual rainfall and its 
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distribution throughout the year. According to Ndakara (2016), the rainforest is the most 

species diverse of any vegetation. Geologically, the environment comprises well drained 

mesomorphic as well as hydromorphic soils, interspersed with alluvial, levee and delta 

formations. At the surface, the equivalents are the Ameki and Akata formations of Eocene-

Oligocene age. At the end of the Pleistocene Ice Age, the gradual rise in sea level and ground 

water table produced the requisite hydromorphic environment for the podzolization of the 

base-deficient and deeply weathered sand-rich deltaic plain alluvium deposits to form the 

“white sand”, especially in the swamps and abandoned river floodplains, where grassland 

vegetation type currently predominates (Ukoji & Ndakara, 2021). 

 

2.2: Methodology 

 

This study ecologically characterized the aboveground biomass of isolated Irvingia 

gaboneensis stands and RF trees in Isoko region of Nigeria. The study design was quasi 

experimental. Through stratified sampling, the region was subdivided into 10 quarters. From 

each quarter, 2 sites were established in each selected community as “Irvingia gaboneensis site 

and rainforest site respectively), giving 20 sites. Data collected were TH and DBH which were 

easily obtained through quadrant (10metre x 10metre) approach. Measurement and methods of 

trigonometry were employed in the determination of TH. The TH was measured by standing 

some distances away from tree stands to obtain the angles of elevations of tree tops using 

abney level and prismatic compass (where the use of both abney level and prismatic compass 

was to establish a check on the readings obtained from the other instrument). The distances 

from the tree stands, the angles of elevation and the heights of the observer were recorded for 

use in determining each TH respectively. DBH of each tree was ascertained by first measuring 

the tree girths at breast height using girthing tape, and their results converted into diameter 

values by considering tree girths as circumference. For the TH and DBH within RF sites, the 

mean values for the trees assessed within a given site were used. Data were presented with 

graphs, and analysed with mean, SD and CV; while t-test was employed to test the difference 

between the aboveground biomass parameters (TH and DBH) of stands of Irvingia 

gaboneensis and the ART. 

 

3: Results and Discussion 

 

3.1: Tree Height as Measure of Aboveground Biomass Parameters of I. gaboneensis and 

ART 
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The heights of tree stands account for the vegetation physiognomy which represents the 

functional characteristics of vegetation that explains plants adaptive role for survival in 

existing environment (Ndakara, 2009). With respect to soil nutrient status under trees, the 

height of trees plays a functional role in the spread of tree litter thus, central to the distribution 

of humus derived from litterfall (Ndakara, 2012b). Study by Ndakara (2014) reported that 

shorter trees tend to concentrate their litter directly under them, while taller trees spread their 

litter due to the influence of wind before they could reach the ground where they could get 

decayed for mineralization and nutrients return to the soil.  

         Table 1: Tree Heights (M) for Irvingia gaboneesis and Rainforest Control 
Sample sites Irvingia gaboneensis  

(Bush mango) 

Rainforest control 

1 30.87 35.10 

2 31.97 34.65 

3 30.22 32.02 

4 28.86 34.30 

5 29.12 35.02 

6 27.03 33.38 

7 26.76 35.81 

8 25.81 34.69 

9 28.86 34.04 

10 26.20 36.01 

Mean 28.57 34.50 

SD 2.08 1.17 

CV (%) 7.28 3.39 

       Source: Field work, 2023                                

 

From table 1, the mean, standard deviation (SD) and coefficient of variation (CV) for 

the height of trees were 28.57m, 2.08m and 7.28% for I. gaboneensis; and 34.50m, 1.17m and 

3.39% for RF. The values indicate that I. gaboneensis have lower mean height than Rf trees. 

The CV values showed that I. gaboneensis varied more in height than RF trees. This is as to be 

expected because the species of trees investigated with the RF were those that belong to a 

particular tier level since rainforest trees feature in strata. Although I. gaboneensis is indigenous 

to RF, the results about its height could probably be explained that it falls within the RF trees 

that range within the middle storey in the RF stratification. 

Comment [DAL2]: Must be perforemed! 
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    Fig. 2: Mean Tree Heights (M) for Irvingia gaboneesis and Rainforest  

 

From figure 2, the highest mean height of trees (36.01) was observed in the RF site, 

while the shortest tree (25.81) was observed in I. gaboneensis. Generally, the mean TH in each 

site within the RF sites was higher than TH of any I. gaboneensis. This shows that height as a 

biomass parameter, vary amongst species of RF trees since I. gaboneensis is also a species of 

RF. Expectedly, all the trees investigated in the RF may not have been taller than I. gaboneensis. 

The TH within the RF is within the observed height of trees reported within lowland rainforest by 

Ndakara (2009).   

 

3.2: Tree DBH as Measure of Aboveground Biomass Parameters of I. gaboneensis and ART 
 

The mean values for the tree DBH varied between I. gaboneensis and the RF.  

    Table 2: Tree Diameters at Breast Height Per Sample Site (m) 

Sample 

sites 

Irvingia gaboneensis 

(Bush mango) 

Rainforest control 

1 0.48 0.69 

2 0.44 0.74 

3 0.39 0.73 

4 0.37 0.78 

5 0.40 0.75 

6 0.47 0.79 

7 0.51 0.68 

8 0.42 0.78 

9 0.46 0.66 

10 0.37 0.69 

Mean 0.43 0.73 

SD 0.02 0.01 

CV (%) 4.65 1.37 

    Source: Field work, 2023 

The RF trees are larger in DBH than the I. gaboneensis which appeared generally smaller in 

all the sites. From table 2, the mean, SD and CV values for the tree DBH were 0.43m, 0.02m and 
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4.65% for I. gaboneensis; and 0.73m, 0.01m and 1.37% for the RT. Findings revealed that I. 

gaboneensis does not posses very large trunks; whereas, other RT species examined have larger trunks 

within the control sites, possibly because of their morphology as reported by (Ndakara, 2014). The 

highest mean value (79m) was recorded in the RF sites while the lowest value (37m) was 

recorded in the I. gaboneensis sites.  
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Fig. 3: Mean Tree Diameters at Breast Height Per Sample Site (m) 

 

From figure 3, trees within RF control sites have larger DBH than the experimental I. 

gaboneensis. Trees in the RF were bigger with respect to DBH than that of I. gaboneensis. This 

shows that, within the typical and natural rainforest, trees are bigger in terms of DBH. This is as to be 

expected because rainforest ecosystems have been known for the supply of timber and other valuable 

wood products as resources (Okwuokei & Ndakara, 2022). The smaller size of I. gaboneensis with 

respect to DBH accounts for its reduced ability to supply more wood resources like the other trees 

within the RF. 

T-test statistics was used to test the difference in the measures of aboveground biomass 

parameters between I. gaboneensis and the ART at 95% alpha level. 

 

   Table 3: Paired Samples T-Test Output for the Differences in Measures of 

Aboveground Biomass Parameters between Stands of Irvingia gaboneensis and ART 

 

Measures of  

Aboveground  

Biomass 

Parameters 

Paired Samples Paired  

S.E.M 

Paired Differences (95% 

Confidence Interval) 

t-value df Sig. 

(2-tailed) 

Lower 

Differences 

Upper 

Differences 

Tree Height I. gaboneensis 

Rainforest 

0.8497 7.8542 4.0098 6.9810 9 0.0000 

Diameter at 

Breast Height 

I. gaboneensis 

Rainforest 

0.0249 0.3542 0.2418 11.9940 9 0.0000 
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Table 3 presents t-test results for the statistical differences in the measures of 

aboveground biomass between I. gaboneensis and ART. With t-value and p-value of 6.9810 and 

0.0000 for TH; 11.9940 and 0.0000 for DBH, the differences in the aboveground biomass 

parameters between I. gaboneensis and ART are significant at 95% alpha level. This confirms that 

there is a significant difference between the measures of aboveground biomass parameters (TH 

and DBH) of stands of I. gaboneensis and ART. Although, Irvingia gaboneensis is an 

indigenous tree of the RF origin, its height and DBH are less that that of the rainforest species 

that were investigated in this study. This finding is similar to results reported by Ndakara 

(2009) where trees within mature rainforest showed high TH and DBH; while Ndakara (2014) 

showed that the biomass parameters of trees were higher in the mature RF than those of exotic 

trees. 

3.3: Relationship between TH and DBH in I. gaboneensis and RF Trees 

Since aboveground biomass of standing trees contribute to soil nutrient elements and soil 

productivities, the assessment of the measures of biomass parameters and the possible 

relationship and level of correlation that exist between sets of the measures of the biomass 

parameters will make it easy to understand the essential usefulness of trees within RF 

environment. Certain trees are capable of growing tall without corresponding increase in their 

girth thus, bearing smaller DBH. Such trees tend to spread their litter far away from their base, 

thereby reducing the level of nutrient input to the soil (Londe, et al., 2016). With respect to 

resource importance of such trees, they are capable of supplying required length of trees than 

shorter trees. Conversely, shorter trees with increased DBH tend to concentrate litter directly 

underneath tree stands thus, directly contributing to soil nutrients and productivity. 

Table 4: Regression Output for the Relationship between TH and DBH in Irvingia 

gaboneensis 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model Summary

.023a .001 -.124 2.20523 .001 .004 1 8 .949

Model

1

R R Square

Adjusted

R Square

Std.  Error of

the Est imate

R Square

Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), DBHa. 

 
 
 

Coefficientsa

28.141 6.551 4.296 .003

.996 15.114 .023 .066 .949 .023 .023 .023

(Constant)

DBH

Model

1

B Std.  Error

Unstandardized

Coef f icients

Beta

Standardized

Coef f icients

t Sig. Zero-order Part ial Part

Correlations

Dependent Variable: TreeHeighta. 

 



 

 10 

Table 4 presents the regression output for the relationship and correlation between 

TH and DBH of I. gaboneensis stands. The regression values showed that the relationship 

between TH and DBH are not significant at 95% alpha level. TH correlated weakly with 

tree DBH. This implies that the height of I. gaboneensis does not totally determine its 

DBH. It is possible for shorter stands of I. gaboneensis to be smaller in DBH than several 

taller stands. Therefore, the extent to which I. gaboneensis grow tall does not necessarily 

influence the ability of the trees to increase in DBH, but a function of several other 

functions which include soil nutrient status capacity to support the growth and productivity 

of trees within the ecosystem. This result is in line with findings reported by Kazumichi, et 

al. (2018). 

 

Table 5: Regression Output for the Telationship between TH and DBH in Rainforest 
 

  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

Table 5 presents the regression output for the relationship and correlation between 

TH and DBH of rainforest tree stands. The TH is negatively correlated with the DBH, 

while the regression values showed that the relationship between TH and DBH are not 

significant at the 0.05 confidence level. The height of trees within the rainforest does not 

influence and determine their DBH. Therefore, the extent to which rainforest trees grow tall 

do not mainly influence the ability of the trees to increase in DBH, but a function of several 

other functions which include soil nutrient status capacity to support the growth and 

Model Summary

.352a .124 .014 1.16260 .124 1.131 1 8 .319

Model

1

R R Square

Adjusted

R Square

Std.  Error of

the Est imate

R Square

Change F Change df1 df2 Sig. F Change

Change Statistics

Predictors: (Constant), DBHa. 

 

Coefficientsa

40.925 6.051 6.763 .000

-8.811 8.285 -.352 -1.063 .319 -.352 -.352 -.352

(Constant)

DBH

Model

1

B Std.  Error

Unstandardized

Coef f icients

Beta

Standardized

Coef f icients

t Sig. Zero-order Part ial Part

Correlations

Dependent Variable: TreeHeighta. 
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productivity of trees within the ecosystem. This result is in line with findings reported by 

Kazumichi, et al. (2018). 

 

 

4: Conclusion and Recommendations 

 

This research characterised measures of aboveground biomass of isolated Irvingia gaboneensis 

stands within Isoko South Local Government Area’s rainforest, Nigeria. Findings showed that 

TH and DBH varied between stands of I. gaboneensis and RF. The differences in the 

aboveground biomass parameters between I. gaboneensis and ART are significant at 95% alpha 

level. For stands of I. gaboneensis, TH correlated weakly with tree DBH, while the relationship 

between them is not significant at 95% alpha level. This implies that the height of I. 

gaboneensis does not totally determine its DBH. For RF trees, TH negatively correlated with 

DBH, while the relationship between them is not significant at 95% alpha level. The height of 

trees within the rainforest does not influence and determine their DBH. The aboveground 

parameters of the standing I. gaboneensis shows that it supports effective productivity and 

functioning of the RF ecosystem thus, its conservation is necessary. 

 

 

References 

 

Barrios E, Sileshi GW, Shepherd K, Sinclair F. 2012. Agroforestry and soil health: 

linking trees, soil biota and ecosystem services. Soil Ecol Ecosyst Serv. 315–330. 

 

Efe, S.I. and Ndakara, O. E. (2010): Impact of Climate Variability on Crime Rate in Warri, 

Delta State, Nigeria. In: Readings in Homeland Security and Development; Akpotor et 

al. (ed.). A Publication of the Faculty of the Social Sciences, Delta state University 

Abraka. Pp 17-24. 

Englhart, S., Jubanski, J., & Siegert, F. (2013). Quantifying dynamics in tropical peat 

swamp forest biomass with multi-temporal LiDAR datasets. Remote Sensing, 

5(5), 2368–2388. http://doi.org/10.3390/rs5052368 

Fayolle, A., Doucet, J. L., Gillet, J. F., Bourland, N., & Lejeune, P. (2013). Tree 

allometry in Central Africa: Testing the validity of pantropical multi-species 

allometric equations for estimating biomass and carbon stocks. Forest Ecology 

and Management, 305, 29–37. http://doi.org/10.1016/j.foreco.2013.05.036 

Feldpausch, T. R., Lloyd, J., Lewis, S. L., Brienen, R. J. W., Gloor, M., Mendoza, A. 

M., … Phillips, O. L. (2012). Tree height integrated into pantropical forest 

biomass estimates. Biogeosciences, 9(8), 3381–3403. http://doi.org/10.5194/bg-

9-3381-2012 

Hunter, M. O., Keller, M., Victoria, D., & Morton, D. C. (2013). Tree height and 

tropical forest biomass estimation. Biogeosciences, 10(12), 8385–8399. 

http://doi.org/10.5194/bg-10-8385-2013 

 



 

 12 

Kazumichi F, Makoto S, Kaoru K, Tomoaki I, Kanehiro K, Benjamin LT. 2018. Plant–

soil interactions maintain biodiversity and functions of tropical forest ecosystems. 

Ecol Res, 33: 149–160. 

Lambrick, F. H., Brown, N. D., Lawrence, A., & Bebber, D. P. (2014). Effectiveness 

of community forestry in prey long forest, Cambodia. Conservation Biology, 

28(2), 372–381. http://doi.org/10.1111/cobi.12217 

 

Londe V, De Sousa HC, Kozovits AR. 2016. Litterfall as an indicator of productivity and 

recovery of ecological functions in a rehabilitated riparian forest at Das Velhas 

River, Southeast Brazil. Trop Ecol, 57; 355-360. 

Mason, N. W. H., Beets, P. N., Payton, I., Burrows, L., Holdaway, R. J., & Carswell, 

F. E. (2014). Individual-based allometric equations accurately measure carbon 

storage and sequestration in shrublands. Forests, 5(2), 309–324. 

http://doi.org/10.3390/f5020309 

 

Ndakara, O. E. (2009): Rainforest Fragments and Diversity of Tree Species in South-

Southern Nigeria. International Journal of Environmental Science, 5 (3):116-123. 

 

Ndakara, O. E. (2012a). Biogeochemical Consequences of Hydrologic Conditions in 

Isolated Stands of Terminalia cattapa in the Rainforest Zone of Southern Nigeria. 

In: Proceedings in Hydrology for Disaster Management, Martins et al. (ed.). Special 

Publication of the Nigerian Association of Hydrological Sciences. Pp 134-144. 

 

Ndakara, O. E. (2012b): Throughfall, Stemflow and Litterfall Nutrient Flux in Isolated 

Stands of Persea gratissima in a Moist Tropical Rainforest Region, Southern 

Nigeria. Journal of Physical and Environmental Science research, 1 (1): 5-14. 

 

Ndakara, O. E. (2012c): Litterfall and Nutrient Returns in Isolated Stands of Terminalia 

catappa Trees in the Rainforest area of Southern Nigeria. Ethiopia Journal of 

Environmental Studies and Management, 5 (1): 1-10. 

 

Ndakara, O. E. (2014): Nutrient Cycling Under Isolated Exotic Tree Stands in the 

Rainforest Zone of South-South Nigeria; Unpublished Ph.D. Thesis, Department of 

Geography, University of Ibadan, Nigeria. 

 

Ndakara, O. E. (2016). Hydrological Nutrient Flux in Isolated Exotic Stands of 

Mangifera indica Linn: Implications for sustainable Rainforest Ecosystem 

Management in South-Southern Nigeria. Nigerian Journal of Science and 

Environment, 14 (1): 125-131. 

 

Ndakara, O. E., and Eyefia, O. A. (2021): Spatial and Seasonal Variations in Rainfall and 

Temperature across Nigeria., Journal of Biodiversity and Environmental Sciences 

(JBES), 18 (2): 79-92. Https://innspub.net/jbes/spatial-and-seasonal-variations-in-

rainfall-and-temperature-across-nigeria/ 

 

 

https://innspub.net/jbes/spatial-and-seasonal-variations-in-rainfall-and-temperature-across-nigeria/
https://innspub.net/jbes/spatial-and-seasonal-variations-in-rainfall-and-temperature-across-nigeria/


 

 13 

Ndakara, O. E and Ohwo, O. (2022): The impacts of Hevea brasiliensis (rubber tree) 

plantation on soil nutrients in Southern Nigeria. Nusantara Bioscience, 14(2): 234-

239. 

 

Obi, C. K. and Ndakara, O. E. (2020) The Effect of COVID-19 Pandemic on OPEC Spatial 

Oil Production: A Macro Analysis, Journal of Advanced Research in Dynamical and 

Control Systems, 12 (8): 393-402. DOI: 10.5373/JARDCS/V12I8/20202487 

 

Ohwo, O and Ndakara, O. E. (2022): Progress on Sustainable Development Goal for 

Sanitation and Hygiene in Sub-Saharan Africa; Journal of Applied Sciences and 

Environmental Management (JASEM), 26 (6): 1143-1150. 

                http://www.ajol.info/index.php/jasem 

 

Okwuokei, T. L and Ndakara, O. E. (2022): Resource Exploitation and Tree Species 

Populations Dynamics in the Rainforest of Southern Nigeria. Quest Journal of 

Research in Environmental and Earth Sciences, 8(11): 97-101. 

http://www.questjournals.org/jrees/archive.html 

 

Sanford, R.L. and Cuevas (1996): Root growth and rhizosphere interactions in 

tropical forests. In: Tropical Forest Plant Ecophysiology. (S.S Mulkey, R.L., 

Chazdon and A.P. Smith Eds), pp 115-122. Chapman and Hall, New York. 

 

Suzuki KF, Kobayashi Y, Seidl R, Senf C, Tatsumi S, Koide D, Azuma WA, Higa M, 

Koyanagi TF, Qian S, Kusano Y, Matsubayashi R, Mori AS. (2021). The potential 

role of an alien tree species in supporting forest restoration: Lessons from Shiretoko 

National Park, Japan, For Ecol Manage, 493: 11253. 

 

Ukoji, C and Ndakara, O. E. (2021): Abattoir Waste Discharge and Water Quality in Anwai 

River, Nigeria; Hmlyn J Agr, 2 (4): 8-14. DOI:10.47310/Hja.2021.v02i04.002 

 

Zhang, Q., Devers, D., Desch, A., Justice, C.O., and Townshend, J. (2005). Mapping 

tropical deforestation in Central Africa. Ecological Monitoring and Assessment 101, 

69–83. 

 

 

 

http://doi.org/10.5373/JARDCS/V12I8/20202487
http://www.ajol.info/index.php/jasem
https://www.himjournals.com/journal-details/hja/Volume:2/Issue:4

