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Abstract 

This study determined the diversity, distribution and composition of woody species in the 

Faculty of Agriculture, Federal University Dutse, Jigawa State.Using a systematic sampling 

technique for plots demarcation, a line transect was laid in the study area. Equal size of 30 × 

30m were laid in the direction along each transect at 100m interval in other to have four(4) 

sampled plots which make up a total area of 360m
2
were coveredduring the inventory 

experiment.All woody plants were identified and classified into families while the diameter at 

breast height (Dbh) > 10cm were measured and used to extrapolate volume and basal area. 

Shannon–wieners diversity index (H
1
), Simpson‘s index (D) and Margalef (d), were then 

computed. Floristic composition identified into seven (7) families, eleven (11) genera with 

twelve (12) species in the forest reserve. The family of Meliacea had the highest numberof 

occurrence (Khaya senegalensis, 8) and Azadiracta indica (10), while Fabaceae had more 

prevalent species in the study area (Acacia nilotica, Tamarindus indica,Acacia 

nilotica,Parkia biglobosa and Pilostgma reticulatum). Combretaceae, Sapotaceae , 

Anacardiaceae, Malvaceae and Myrtaceaefamilies had the lowest occurrence of one (1) in the 

reserve area. The total frequencies of all the species were calculated to be (725) and density 

(15.5). The total basal area, total volume, mean volume and average diameter at breast height 

were 438.14m
2
ha

-1
, 0.600m

2
ha

-1
,0.150 m

2
ha

-1
and 8.763 respectively. The reserve fairly 

displayed inverted J-shape structure in diameter distribution. The DBH of size class 100cm 

and above had highest number of tree in the reserve (40%). Shannon–wieners diversity index 

(H
1
) Simpsons index (D) and Margalef (d) were calculated to be 2.115, 0.640 and 2.812 

respectively. Despite the large spacing in the reserve woody plants remain fairly diverse in 

composition and it has a great potential for restoration if properly managed with silvicultural 

interventions such as seed supplementation and /or enrichment planting which would 

encourage the rapid return of the complex forest condition.    

 

Keywords: Forest structure, woody species, restoration, secondary forest, composition, 

Federal University Dutse 

Introduction 

Forests contain one of the principles of 

renewable natural resources for mankind. 

They are essential in maintaining 

environmental stability, provision of raw 

materials for wood-based industries and 

provision of food, livelihood and 

employment for millions of people, 

particularly in the rural areas (Food 

Agriculture Organisation, 2010). It is 

worthy to note that in recent times, the 

concern has been to concentrate on 

conservation effort of the savannah 

because of its relative richness in 

biodiversity. In forest management 

operations, inventories on biodiversity are 

used to determine the nature and 

distribution of biodiversity. Quantification 

of tree species diversity is an important 

aspect that provides resources for many 

species. To protect forest from declining, it 

is essential to examine the current status of 
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species diversity as it will provide 

guidance for management of forest areas, 

valuable reference for forest assessment 

and improve knowledge in identification 

of ecologically useful species as well as 

species of special concern.  

Thus identifying conservation 

efforts are to assess the tree species 

diversity and stand structure of forest 

reserve.However, many savannah forests 

are under great anthropogenic pressure and 

require management intervention to 

maintain and/or to improve their 

biodiversity conservation, productivity and 

sustainability (Kumar et al., 2006). Loss of 

biodiversity has been recognized as one of 

the main threats to the world forest estates. 

There are growing concerns for developing 

new global, regional and national 

programs for conserving and managing 

forest biodiversity (Kohl et al., 1998). 

Species diversity and stand density 

measures have been widely used as 

indicators of ecosystem status, and they 

play critical roles in studies dealing with 

the assessment of human impact on 

ecological systems (Leitner and Turner, 

2001).  

Knowledge of stand density in 

forest management is an essential 

apparatus to check crowdedness and 

competition of trees in a forest stand. 

Relative stand density measures and size 

density relationship have been used to 

developed stand management density 

diagram for slash pine plantation incoastal 

plain (Dean and Jokela, 1993). Essential 

tools for average stand models are 

graphically characterize by growth, density 

and mortality at various stages of stand 

development (Solomon and Zhang, 1998). 

Stand density management diagram is a 

useful tool which is not only allows 

estimation of stand stocking but also serve 

as a stand monitoring system in which 

stand development and treatment can be 

traced through the stand management 

history (Solomon and Zhang, 1998; Kumar 

et al., 2006). Stocking chart can also be 

used by forest manager to rapidly design 

and evaluate alternative density 

regimes,this practice will help to maximize 

wood yield (Kershaw and Fischer 1991; 

Dean and Jokela, 1992) and to create 

favorable ecological conditions for 

vegetation (Barbour et al., 1997), Kershaw 

and Fischer (1991).  

Todevelop a stand diagram for saw 

timber–sized mixed upland hardwoods, 

understanding species diversity and 

density patterns is important for helping 

forest managers evaluate the complexity 

and resource of forest. Trees from the 

major structural and functional basic of 

savannah ecosystems can serve as robust 

indicator of changes. This study aimed at 

utilizing the information derived through 

ecological assessment to explore floristic 

composition, structural characterization of 

the secondary forest andwith a view to 

promoting sustainable conservation and 

management of the secondary forest. 

 

Materials and method 

Study area 

The study was carried out in Forest 

Reserve at Faculty of Agriculture, Federal 

University Dutse, Jigawa State.It is located 

within the University farm, situated in the 

North- Western geopolitical zone of the 

town. It lies between latitudes 11.00
o
N to 

13.00
o
N and longitudes of 8.00

o
E to 

10.15
o
E. The study area covered by Sudan 

savananah, also area characterized by hot 

wet summer and cool dry winter with 

average raining season of 3-5 months (644 

mm) Jigawa State Ministry of Agriculture 

and Natural Resources, 2016). Sunshine 

hours indicate that the town enjoys 10-11 

hours of sunshine depending on the season 

(JARDA Metrological data, 2015). 

 

Methods 

Sample plots demarcation and design 

Systematic sampling design (Systematic 

line transect) was employed for the laying 

of plots in the forest. A line transect was 

laid at the centre of the forest. Sample 

plots of equal size (30 × 30m) were laid in 

along a line transect at 100m interval to 
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have four (4) sample plots for transect. A 

total area of 3600m
2
 was sampled. It was 

based on model used by (Onyekwelu, 2007 

and Salami, 2017).Total area of land 

surveyed was 3,600 m
2 

and sampling 

intensity was 7.2%. Within each selected 

plots, information on total number of 

species per plot and relative abundance of 

all living trees were recorded 

Data collection 

Floristic survey 

The vegetation of the study site was 

surveyed in order to document patterns of 

species diversity in the study site. 

Systematic sampling method was adopted 

to generate data on the floristic 

composition of the study sites. Samples 

(leave /bark) of unidentified trees were 

taken to Forestry Research Institute of 

Nigeria Herbarium for proper 

identification. 

 

Measurement of tree growth variables 

in the forest reserve 

Identification and Measurement of all 

woody plants with diameter at breast 

height of 10cm and above were measured. 

Vascular plants measured were plants with 

DBH between 10cm and above. The tree 

growth variables measured include 

diameter at breastheight measured with 

girth tape and basal area was calculated 

using appropriate formula. 

 

Tree species identification 
The botanical name of every living tree 

encountered in each sample plot was 

recorded. Where a tree botanical name is 

not known immediately, such a tree will be 

identified by its commercial or local name. 

Such commercial or local names will be 

translated to correct the botanical names 

using Gbile and Soladoye (2002). Trees 

that could not be identified will be tagged 

unknown specimens of such unknown 

trees was collected, pressed, preserved and 

taken to forestry herbarium, Ibadan (FHI) 

of Forestry Research Institute of Nigeria 

for identification. Each tree species was 

recorded individually in the field forms 

and possible effort was made not to omit 

any eligible stem in a sample plot. After 

the floristic survey of the study sites, the 

trees encountered will be sorted into 

species and families, species richness and 

abundance of each species in the 

ecological community will be establish 

using Shannon-Wiener diversity index 

given by price (1997).  

 

Tree species classification and 

community structure study 

All the trees encountered were assigned to 

families and number of species in each of 

the family was obtained for tree species 

diversity classification. Frequency of 

occurrence was obtained for species 

abundance / richness. This was repeated 

for all trees encountered in the sample plot 

for the site. The following biodiversity 

indices were used to obtain tree species 

richness and evenness within the forest. 

They were also used as indices for 

comparing biodiversity as indication of 

biodiversity loss. Species relative density 

(RD) which is the number of individuals 

per hectare was obtained using the formula 

given by Oduwaiye et al. (2002). 

 

Data analysis 

Shannon diversity index 
Species diversity is the number of different 

species in a particular area and number of 

individuals in each species. This was 

obtained using a mathematical formula 

that takes into account the species richness 

and abundance of each species in the 

ecological community. The equation for 

the Shannon-Wiener diversity index given 

by Price (1997): 

 

)1.......(................................................................................).........(
1

1 eqnLnppH i

S

i

i




 

Where:  

 H
I
 = Shannon diversity index 

S = Total number of species in the 

community  

P
i
= Proportion of a species to the total 

number of plants in the community  
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Ln = Natural logarithm 

 

Species evenness (E) 
Species evenness (E) measures the 

distribution of the number of individual in 

each species. It was determined using 

Shannon‘s equitability (EH) as stated by 

Kent and Coker (1992)  

E = 

  

   ( )
……………………………………

………… (Eqn 2) 

Where: 

S = Total number of species  

N =Total number of individuals 

Ln = Natural logarithm  

 

Simpson’s dominance index 

Simpson‘s dominance index is weighted 

towards the abundance of the commonest 

species. 

 

…………………………………………………. (eqn 3) 
 

 
Simpson‘s index varies from 0 to 1 and 

gives the probability that two individuals 

drawn at random from a population belong 

to the same species. If the probability is 

high, then the diversity of the community 

sample is low. The higher the dominance 

index the lower the Shannon diversity. 

 
Species Richness …….……………..… 

(Eqn 4) 
  
 

Where S is the total number of species, ‗N‘ 

is the total number of individuals and ‗ln’ 

is the natural logarithm. 

 

Community structure analysis 

Basal area calculation 

The basal area of all the trees in the sample 

plots was calculated using formula: 

BA= πD
2
………………..(Eqn 5) 

Where BA = Basal Area (m
2
), D = 

diameter at breast height (cm) and π = 

(3.142). 

The total basal area for each of the sample 

plots was obtained by adding the BA of all 

trees in the plot while the mean BA for the 

plot (BAP) was obtained by dividing the 

total BA by the number of sample plots. 

Basal area per hectare was obtained by 

multiplying mean basal per plot with the 

number of 30 × 30m plots in the four 

hectares. 

BA ha
-1

 = BAP × 

4...................................................................

................................... (Eqn 6) 

Where BA ha-1 = Basal area per hectare. 

 

Relative Density (P) 

RD = *
  

 
+ × 

100...............................................................

.............................................. (Eqn7) 

Where RD = Relative density 

 ni = Density of a particular species  

 N = Density of all species. 

 

Volume calculation 

The volume of each tree was calculated in 

every plot using the newton‘s formular 

(Adopted by FOMECU, 1999) 

V = e
-8.433+2.331Ln (D)                

…………………………………………………………………

………….. (
Eqn 8

) 

Where V = Volume of tree (m
3
)  

D =dbh (cm) 

e = Euler‘s constant= 2.71 

Total plot volume was obtained by adding 

the volume of individual trees encountered 

in the plots. Mean volume for sample plots 

was calculated by dividing the total plot 

volume by the number of sample plots. 

Volume per hectare was obtained by 

multiplying mean volume per plot VPwith 

the number of 30×30 m plots in a hectare 

(4). 

Vha =VP x 4 
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Results and discussion 

 

Table 1: Families distribution of genera and species in Faculty of Agriculture 
Family Names Species Names No. of 

Genera 

No. of Species Total no. of species 

 

Meliaceae 

Khayasenegalensis 

Azadirachtaindica 

 

2 
 

2 
 

18 

 

 

 

 

Fabaceae 

Acacia albida 

Tamarindusindica 

Acacia nilotica 

Parkiabiglobosa 

Pilostigmareticulatum 

 

 

 

 

4 

 

 

 

 

5 

 

 

 

 

14 

 

Combretaceae 

 

Anogeisus leocarpus 

 

1 
 

1 
 

2 

 

Sapotaceae 

 

Vitellariaparadoxa 

 

1 

 

1 
 

3 

 

Anacardiaceae 

 

Poupartiabirrea 

 

1 
 

1 
 

5 

 

 Malvaceae 

 

Adansonia digitata 

 

1 
 

1 
 

2 

 

Myrtaceae 

 

Eucalyptus camaldulensis 

 

1 
 

1 
 

6 

Total 11 12 50 

 

Table 2: Floristic composition and importance of tree species recorded during the study 
Family Name Species Names Common Name  Uses 

 

Meliaceae 

 

Khayasenegalensis  (Desr) A. 

Juss 

 

Mahogany 

For construction of 

furniture‘s and interior 

trim. 

 

 

Meliaceae 

 

 

Azadiractaindica 

Adr. Juss 

 

 

Neem 

Leaves are used to treat 

skin diseases and neem 

oil is used to detoxify 

blood. 

 

 

Fabaceae 

 

 

Parkiabiglobosa 

 (Jacq) R. Br. ex G. Don 

 

 

Locust beam 

The seeds and leaves are 

used to feed livestock 

and poultry. 

 

Sapotaceae 

 

Vitellariaparadoxa 

C.F Gartn 

 

Sheabutter 

Used for cosmetics as 

emollient. 

 

Anacardiaceae 

 

Poupartiabirrea  

(A. Rich) Hochst 

 

Danya 

Fruits are eaten as food. 

 

Myrtaceae 

 

Eucalyptus camaldulensis 

Dennis Haugen 

 

Zeti 

For charcoal production 

and beekeeping 

 

Fabaceae 

 

Pilostigmareticulatum 

 (DC) Hochst 

 

Kargo 

 

The leaves and pods are 

use for animal fodder.  

 

Malvaceae 

 

Adansona digitata 

Carl Linnaeus 

 

Baobab 

Used as forage for 

ruminant. 

 

Combretaceae 

 

Anogeisusleocarpus 

(DC) Guill. and Perr 

 

Bambara 

Leaves are crushed to 

make yellow dyes 

 

Fabaceae 

 

Acacia albida 

 (Del.) Achev. 1934 

 

Apple ring 

Ashes of the wood are 

used in making soap 

   For ornamental shade 
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Fabaceae Tamarindusindica 

Carl Linnaeus 

Tamarind and edible pods 

 

Fabaceae 

 

Acacia nilotica 

(Liann) willd ex. Dellile 

 

Gabaruwa 

The fruits are use to 

produced tannin and 

garlic acid.  

(Source:Field survey data, 2018) 

 

Table 3: Frequency, density and diversity indicesof species in the reserve  
Species Name Frequency  Relative 

Frequency 

Density Relative 

Density 

Pi Shannon 

wieners     

index 

Khayasenegalensis 

 

Azadirachtaindica 

75 

 

75 

10.35 

 

10.35 

2.0 

 

2.5 

16 

 

20 

0.16 

 

0.2 

- 0.293 

 

- 0.321 

 

Acacia albida 

 

Tamarindusindica 

 

Acacia nilotica 

 

Parkiabiglobosa 

 

Pilostigmareticulatum 

 

75 

 

50 

 

25 

 

75 

 

100 

 

10.35 

 

6.90 

 

3.45 

 

10.35 

 

13.79 

 

0.75 

 

0.5 

 

0.25 

 

1.0 

 

1.0 

 

6 

 

4 

 

2 

 

8 

 

8 

 

 

0.06 

 

0.04 

 

0.02 

 

0.08 

 

0.08 

 

- 0.168 

 

- 0.128 

 

- 0.078 

 

- 0.202 

 

- 0.017 

 

 

 Anogeisusleocarpus 

 

25 

 

3.45 

 

2.0 

 

 

4 
 

0.04 
 

- 0.128 

 

Vitellariaparadoxa 

 

50 

 

6.90 

 

0.75 
 

6 
 

0.06 
 

- 0.168 

 

Poupartiabirrea 

 

50 

 

6.90 

 

1.25 
 

10 
 

0.1 
 

-0.230 

 

Adansonia digitata 

 

25 

 

3.45 

 

2.0 
 

4 
 

0.04 
 

- 0.128 

 

Eucalyptus camaldulensis 

 

100 

 

13.79 

 

1.5 
 

12 

 

0.12 
 

-0.254 

Total 725 100 15.5 100 1.64 2.2 

 

Table 4: Diversity indices, species evenness and obtained in the study area 

Diversity Indices (Variables) Values 

Shannon-wiener (H-index) 2.115 

Simpsons index (D) 0.640 

Evenness 0.540 

Margalif (d) 2.812 

(Source:Field survey data, 2018) 

 

Table 5: Tree growth variables obtained at the study area 
 

 

 

 

 

 

 

Source:Field survey data, 2018) 

Areas Values 

Total basal area (m
2
ha

-1
)  438.14 

Total volume (m
3
ha

-1
)  0.600 

Mean volume (m
3
ha

-1
)  0.150 

Average Diameter at BH (m
2
ha

-1
)  8.763 

Number of species in the study area 50 
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Table6: Age distribution class in the forest reserve 

 Diameter class(cm)   Number / ha
-1 

Percentage 

 10- 19.9 - - 

 20- 29.9 2 4 

 30- 39.9 4 8 

 40-49.9 1 2 

 50-59.9 7 14 

 60- 69.9 2 4 

 70 -79.9 3 6 

 80- 89.9 6 12 

 90-  99.9 5 10 

˃100  20 40 

(Source:Field Survey data, 2018) 

 

Fig 2: Showing the frequency status species in the study areave 

 

Discussion 

Floristic composition  

A designed assessment for exploratory 

checklist of biodiversity specues genus and 

their families in natural Faculty of 

Agriculture, Federal University Dutse, 

Jigawa State were presented in the table 1. 

A total of twelve (12) species distribution 

into eleven (11) genera were identified in 

Forest Reserve, Faculty of 

Agriculture,Federal University Duste. The 

following tree species of 

Azadirachtaindica had more frequency 

occurrences ten (10) in the four sampled 

plots, followed by Khaya senegalensis that 

appeared eight (8) times in the sampled 

area. Eucalyptus camaldulensis occurred 

six (6) times in the study area during the 

sampled measurement, while Poupartia 

birrea had five (5) numbers of frequency 

occurrences in the sampled plots. Parkia 

biglobosa and Pilostigma reticulum has 

the same frequency of four (4) trees in the 

0

2

4

6

8

10

12

Frequency of Species 

Species
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inventory measurement. Acacia albida and 

Vitellaria paradoxa had the frequency 

occurrences of three (3) while Tamarindus 

indica, Anogeisus species and Adansonia 

digitata had the same occurrences of two 

(2) and Acacia nilotica had the lowest 

frequency occurrences of one (1) in the 

study area. From the research that was 

carried out in the study area, it was 

observed that Azadirachta indica 

(Meliaceae) had more prevalent dominant 

species in the whole four sampled plots 

because the species is more suitable for the 

geographical area in terms of survival rate 

and reproduced more frequency by natural 

means (through the dispersal of seedlings 

by wind, birds and rodents and by natural 

agents) which makes it to be in more 

abundances than the other tree species. 

Salami, (2017) reported the dominance of 

Fabaceae and Meliaceae in Omo Forest 

Reserve because of easy wind dispersal 

which enhanced their spread in the study 

location. 

Acacia nilotica had the lowest 

frequency occurrences in the study area 

due to its low suppression effects of arid- 

zone trees on plant stand and growth of 

crops rate in the climatic region and its 

structural anatomical development of the 

tree does not strikes well in the 

geographical zone of the study area. 

 

Diversity indices and species evenness 

obtained in the forest reserve 

Table 2, showed the total frequency of 

seven hundred and twenty five (725), 

which makes up the forest reserve in the 

study area and it‘s contain average 

diversity in terms of species genetic 

materials and processes of the ecosystems 

in the environment. The relative frequency 

was (100), this played a central role in the 

functioning of biosphere in the reserve and 

P
1
 was calculated to have a total of (1.64). 

From table 3, it was estimate that 

Shannon-Wiener (H) had (2.115) which 

showed that the trees in the reserve were 

found to be fairly diverse in the ecosystem 

in terms of species distribution and 

abundances. This is in agreement with the 

value obtained for temperate forest which 

ranges from 1.16-3.40 (Pande et al., 1996) 

and Dabagi Forest Reserve where value 

was 1.45 (Shamaki et al., 2015). 

Conversely, Lawal and Salami, (2018), 

had lower species diversity of the reserve 

to be 1.35 (H
i
) in orchard of Federal 

University Dutse, Jigawa. This value of 

the diversity index for this study closes 

within the general limit of diversity index 

of 1.5-3.5 (Kent and Coker, 1992).  

Simpsons index (D) obtained was 

(0.640), which showed that the reserve 

indicated a healthy forest reserve. This was 

not in agreement with low Simpson‘s 

Index (D) of 0.029 in Oban Forest Reserve 

which indicates that the diversity of the 

reserve is high and it is an indicative of a 

healthy reserve(Young and Swiachi, 

2006). The Species evenness (E) had 

(0.54) in the study area, which indicated an 

average diverse ecosystem. 

Conversely,Salami, (2017) showed that 

high evenness indices data obtained 0.96 

and 0.94 for Omo Biosphere Reserve and 

Gambari Forest Reserve respectively is an 

indication of high species distribution. 

Margalif (d) was calculated to be 2.812 

which indicate average abundance and 

richness ofgenetic resources in the study 

area (table 4). 

 

Tree growth variables obtained 

The growth values obtained at the study 

area were showed in table 5. Total basal 

area obtained was (438.14 m
2
ha

-1
) which 

implied that the study area had a high 

values of trees density and values which 

can be useful when properly managed and 

harvested for human purposes such as the 

construction of furniture‘s, electric poles, 

foal fuel, charcoal production etc. The 

total volumes of trees from the study area 

were (0.600m
3
ha

-1
) and the mean volume 

obtained was (0.150 m
3
ha

-1
).  The average 

diameter at breast height is 8.763m
2
ha

-1
. 

The inventory count of different species in 
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the study area was fifty (50) in number. 

The population of the sampled area is in 

abundance within the four sampled plots, 

seen there is less anthropogenic activities 

in the reserve which may term to increase 

the level of productivity in future if 

properly well managed to check point 

planting of young seedling species and 

harvesting. 

 

Diameter distribution pattern  

There were higher number of stems per 

hectare in the bigger diameter classes of 

100 cm and above with population sizes of 

forty (40%) of trees in Faculty of 

Agriculture Federal University Dutse, 

Jigawa state (table 6). This showed that the 

reserve is well managed with large spaced. 

Conversely, Oduwaiye et al., (2002) 

revealed that all the plots accessed had the 

largest class of diameter below 10cm at the 

Okomu Permanent Sample Plot.Salami 

and Akinyele, (2017) discovered highest 

number of trees for diameter class 10-

19.9cm (27.93%) at Gambari Forest. Also, 

Oduwaiye and Ajibode (2005) reported the 

highest number of trees for diameter class 

of 11-30cm followed by those of between 

0-10cm at Onigambari Forest Reserve. 

Diameter at breast height of 20-29.9cm 

and 60-69.9cm had the same number of 

two (2) while the lowest occurred in the 

ranges of 40-49.9cm with one (1) 

individual stand in the study area ( table 

6). 

 

Conclusion and recommendations 

The inventory measurement designed in 

the Forest Reserve at the Faculty of 

Agriculture, Federal University Duste, 

Jigawa State was study to assess the 

woody plant diversity in other to denotes 

the number and variety of different species 

in the ecosystem within the study area. 

Good knowledge on how to give a proper 

accountability of a reserve and preserving 

the diversity is essential for both present 

and future generation. Human benefit 

greatly from products that biodiversity 

provide. Unfortunately, human induced 

changes that have greatly altered the 

population of the biodiversity. 

The purposes of the inventory 

measurement of the study are to assess the 

woody plant diversity, distribution and 

composition in the study area, in order to 

determine species richness, abundances 

and to evaluate diameter distribution basal 

area, volume and density of the study area 

through systematic sampled method, by 

which line transect were laid in the study 

area and equal size of 30m × 30m were 

alternately laid in the direction along each 

transect at 100m interval in other to have 

four (4) sampled plots for transect which 

make up a total area of 360 m
2
. Human 

disturbances have influenced the structural 

complexity of the forest reserve with the 

removal of large and tall trees, and shifting 

cultivation that reduces the soil fertility of 

reserve area which result in low tree 

density and volume, the absences of an 

emergent layers as well as gap creation.   

However, despite the degradation, high 

floristic composition and woody plant 

species diversity were observed in the 

forest reserve study area. Furthermore, the 

presences of some pioneer species and 

other naturally regenerated seedlings and 

saplings, indicated that the process of 

ecosystem recovery had commenced in the 

study area. The observed potential for 

natural recovery opens an avenue for 

reconciling management, conservation, 

environmental, social and economic 

demands on this degraded forest. 

Management interventions such as 

enrichment planting regulated selective 

logging and protection of naturally 

regeneration can further assist in the 

restoration of this ecosystem. This will 

ensure sustainability and the ability of the 

forest to continue to provide and benefits 

for local communities while biodiversity 

conservation is achieved.   
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Recommendations 

University should provide proper 

equipment in the department in order to 

carry out inventory measurement to 

facilitate easy access of the trees in their 

different location. Also, reserve 

environment should be weeded from time 

to time so as the trees will not compete 

with unwanted plant for nutrients; once a 

tree is been harvested in the reserve area, 

new ones should be planted to replace the 

harvested ones in order to balance the 

planting and harvesting rate.Enrichment 

planting should be employed in order to 

improve density of the reserve. Different 

species of seedlings should be provided by 

the university so that there will be a more 

diverse forest reserve management. Lastly, 

reserve must be protected through the use 

of fence; also awareness and public 

enlightenment to the people around the 

reserve. 
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Appendix 2:  

Forest structure computation models 

i Basal Area 

  

 

The basal area of all trees in the sample 

plots were calculated using the formular 
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Abstract 

Uncontrolled increase in population is one the main causes of scarcity of resources. The 

paper aimed at assessing the effects of growing population pressure on availability, supply 

and price of fuelwood through; studying the trend, status and forecasting the future 

availability, supply and price of fuelwood in Dutse Local Government Area of Jigawa state, 

Nigeria. Five wards/districts were purposely selected and twenty persons/ward were 

interviewed using a well-structured questionnaire.Sixty fuelwood sellers were also randomly 

selected and interviewed. The data were analyzed using both descriptive and inferential 

statistics. The results show that as the population grows over the last 15 years (2004-2018), 

availability of fuelwood declined and might probably be zero by 2021 and 2024 if all things 

remained equal (which is theoretical that may not be practically possible).Average distance 

covered to collect fuel wood also increased by 3.75km. Supply of fuelwood also increased 

over the period and might keep increasing constantly.Prices (producers and consumers) kept 

constantly increasing and may also keep increasing by 2021 and 2024 if all things remained 

equal. Overexploitation and increasing population were seen as the main reason for the 

fuelwood availability, supply and price pattern in the study area. The paper recommended 

reviewing the fuel wood related policies to considerably favor reconsolidation of forests 

reserves and other available fuelwood sources for fuel wood production and control the 

population pressure in the area by the concerned governments. 

 

Introduction 

The strive  for survival by man, coupled 

with increasing  population growth 

worsened by  extreme  poverty in  most of 

the developing countries, Nigeria 

inclusive, as well as the quest for comfort 

are the major causes of natural resources 

depletion the world over (Adeyemi and 

Ibe, 2014). The population growth factor is 

surely the driving force behind all the 

other factors, as population growth directly 

increases the demand of almost all good 

and services. Zaku et al., (2013) opine 

that, apart from population growth, Nigeria 

has been experiencing increased 

urbanization over the last five decades. 

This particularly creates more intense 

demand for consumption of fuelwood for 

domestic purposes, since the rural 

populace, which were the production 

engines migrated to the urban areas. 

According to Olanrewaju and Ogunleye-

Adetona (2000), an average individual 

consumed an estimated fuelwood quantity 

ranging between 1.9 and 4.0 kg per day in 

Nigeria.  

Fuel wood has been defined to be 

wood whose form is rough and could be 

branches of trees, logs,  sawdust,  pellets  

and  twigs  mainly  for  energy  generation  

(FAO,  2002).Rural areas of developing 

countries are very dependent on biomass 

fuels such as wood fuel and dried dung for 

their energy consumption (Zaku et al., 

2013). According to FAO, (2001), 

fuelwood is a traditional source of energy, 

which has remained the major source of 

fuel for over half of the world‘s 
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population. The United Nations 

Development Programme (UNDP,  2002) 

further revealed, that the  share  of  various  

energy  sources  in  the  total  primary  

energy  supply  in Nigeria are made up of 

oil, 10.4%- gas, 6%- hydro, 0.6%; and  

commercial  renewable  energy-  83%.  

The  greater portion  of  the  commercial  

renewable  energy  is  wood, while  other  

agricultural  wastes  constitute  the  

remaining smaller  portion. Daily 

consumption of firewood by the rural 

communities in Nigeria is estimated at 

27.5 million kg/day (Ogunsanwo and 

Ajala, 2002). 

Importantly,  fuelwood serves  as  a  

source  of  energy and plays  a  vital  role  

in  household  energy  requirements.  Due 

to increasing  economic  hardship,  many  

people  are  finding  it increasingly  

difficult  to  afford  conventional  fuels  in  

Nigeria (Zaku et al., 2013). Zaku et al., 

(2013) further revealed that 

annualfuelwood consumption by in 

Kaduna State alone amounted to 1,722,904 

t/year.  In the North-west,with 95.2% of its 

population under poverty depend on 

fuelwood as a source of domestic energy. 

Isah et al., (2016) explained that Nigeria 

ranked 4
th

 in 2005 with 129,944,069.4M
3
 

of fuelwood consumption by 

household.Given the impact of population 

pressure on fuelwood available stock and 

supply which affect its price in various 

ways, there is need to investigate available 

fuelwood stock and market so as to have a 

clearer understanding of the trend of 

demand and availability fuelwood. 

The study sought to assess the effect of 

population growth pressure on the 

availability, supply and price of fuelwood 

in Dutse Local Government Area of 

Jigawa state, Nigeria. This is with a view 

to establish the trend and current status of 

fuelwood availability, supply and price as 

the population grows over the last 15 years 

(2004-2018) and project its availability, 

supply and price in near future time within 

the study area.  

 

Materials and methods 

Study area 

Dutse Local Government is the capital of 

Jigawa state, located in north-western part 

of Nigeria. It‘s situated on latitude 11.76
0
 

North, and longitudes 9.34
0
 East 

(Wikipedia, 2018)
2
. Sanusi (2015) stated 

that Dutse is elevated 1,300 feet above sea 

level. It bordered with Birnin Kudu Local 

Government Area (Jigawa state) to the 

south, Takai, Albasu and Gaya local 

Government Areas (Kano state) to the 

west, Ringim and Jahun(Jigawa state) to 

the North and Kiyawa (Jigawa state) to the 

East. Thomas (2017) stated that it has a 

population of 138,451 as at 1991, which 

grow to 251,135 as at 2006 and projected 

to be 335,600 by 2016 (using a population 

growth rate of 3.18% per annum). Dutse 

has an average annual temperature of 26.5 
0
c and a total annual rainfall of 743mm 

(Anon, 2018)
1
. Anon (2018) added that 

precipitation is lowest in January (0) and 

peaked in August (What is the volume 

when it peaked?), with an average of 

highest temperature of 30.1 
0
C in April 

and the lowest average temperature of 22.0 
0
C in January. According to Sanusi (2015), 

Dutse is marked with horizons of rock 

formations, towering above Date palms, 

Deleb palms and Dum palms which are the 

major native plant species of the area. 

Sanusi (2015) further added that the 

populace in Dutse belong to four socio-

economic classes which are; the rulers, the 

rich, the righteous and the wretched. 

According to Sanusi (2015), the major 

economic activities of the people are 

farming, livestock husbandry, 

blacksmithing, cloth weaving, calabash 

carving, fishing and the women mostly 

engage in small animal husbandry, art, and 

crafts.  

The study was carried out in Dutse 

Local Government Area of Jigawa state, 

Nigeria. Stratified random sampling was 

used to select the heads of households on 

whom questionnaires were administered. 

Yadi/Kachi was selected to represent 

urban setting; Madobi and Hausawa 
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represented the rural setting and Jigawar 

Tsada as semi-urban setting.Purposive 

sampling was used to select fuelwood 

suppliers for reason that they are few. Five 

wards were selected as the strata. The data 

were collected using a structured open 

ended and closed ended questionnaire. 100 

copies of questionnaires were administered 

on household heads to generate data on 

fuelwood prices and availability (20 

respondents per ward) and 60 copies of 

questionnaires were used on fuelwood 

suppliers, making a sample size of 160 

respondents. Both descriptive and 

inferential statistics was used to analyze 

the data. Graphs, frequency tables and 

averages were used to represent the 

availability, price and supply of fuelwood, 

and linear regression equation was 

modeled to predict the future availability, 

price and supply of fuelwood over the 

stated period of time (2004-2018).

 

 
Figure 1 Map of Dutse (white shaded area) showing the boarders and sampled 

areas(Source: Maphill, 2013) 

 

Results and discussion 

 

Table 1: Distribution of the respondents based on demographic characteristics 

Variables  Fuel wood consumers  Fuel wood suppliers 

 Frequency Percentage (%)  Frequency Percentage (%) 

Gender      

Male 89 89.0  49 81.66 

Female 11 11  11 18.44 

Total 100 100  60 100 

Age      

Minimum 29  30 

Maximum 73  70 
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Mean  48.43  50.73 

Standard deviation  1.27  1.28 

Marital status      

Married 91 91  57 95 

Single 5 5  1 1.77 

Divorced  4 4  2 3.33 

Total 100 100  60 100 

Occupation      

Farming 49 49  3 5 

Civil servants 15 15  4 6.77 

Traders 17 17  53 88.33 

Others 19 19    

Total 100 100  60 100 

Educational 

backgrounds 

     

Primary 10 10  9 15 

Secondary 12 12  9 15 

Tertiary 21 21  2 3.44 

None 57 57  40 66.66 

Total  100 100  60 100 

Field Survey, 2018 

Table 1 shows that; 89% of the sampled 

producers and consumers were male, 11% 

were female, while 81.66% of the 

suppliers/fuel wood sellers were male and 

18.44 were female. Minimum and 

maximum age of the respondents were 29 

and 73 years respectively, with a mean of 

48.43; 30 and 70 years with a mean of 

50.73 for fuel wood producers/consumers 

and suppliers/sellers respectively. About 

91% of the producers/consumers were 

married, 5% singles and 4% divorced, 

whereas 95% of the fuel wood sellers were 

married, 1.77% single and 3.44% 

divorced. Forty nine percent of the 

producers/consumers were farmers, 15% 

civil servants, 17% traders and 19% 

belong to other occupations, whereas; 

88.33% of the fuel wood sellers were 

traders/fuel wood sellers, 6.77% were civil 

servants and 5% were farmers. Fifty-seven 

percent of the fuel wood 

producers/consumers attended no formal 

education, 21% attended tertiary 

institutions, 12% attended secondary 

schools and 10% attended primary school, 

whereas; 66.66% of the fuel wood sellers 

attended no formal education, 15%, 

attended secondary schools, 15% attended 

primary school and 3.44% attended 

tertiary institutions. 

 

Projected population of the study area  

The population of the study area was 

projected using the following formula; 

 

Pp = (Cyp+%Gr) – Mr 

Pp = projected population 

Cyp = current year population 

%Gr = growth rate 

Mr = motality rate 

  

Table 2:Projected population of Dutse local government area 

(Source:Author‘s computation, 2018) 

 

 

2006 2009 2012 2015 2018 2021 2024 

243,232 267,448 293,782 322,708 354,482 388,353 426,592 
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Table 3:Causes for decline in availability, supply and price of fuelwood in Dutse 

 Availability Supply Price 

Reasons  Freq. Percentage (%) Freq. Percentage (%) Freq. Percentage (%) 

Overexploitation 66 66.0 25 41.70 68 68 

Population increase 25 25 34 56.70 23 23 

Government‘s regulations 8 8 1 1.69 8 8 

Others; price,  1 1   1 1 

Total 100 100 60 100 100 100 

Field survey, 2018 

Table 3 shows that 66.0% of the 

respondents believed that over exploitation 

of fuel wood is the main reason behind the 

decrease in availability of fuelwood in the 

study area, while 25.0% believed that 

increase in population were the main 

reason.About 8.0% of respondent believed 

that it is due to governmental regulations 

and one percent goes for the other reasons. 

The population growth pressure was the 

driving force behind the so believed 

overexploitation, and the main reason for 

decrease in fuel wood availability. 

However, the respondents were right to 

believe that overexploitation being the 

main reason, since it is what is within the 

reach of their knowledge.This partially 

disagreed with what IFAD (2001), who 

asserted that growing population has 

resulted in harvest of fuelwood as business 

of potential for cash incomes.

Table 3 also shows that 56.7% of 

the respondents believe that supply of 

fuelwood in the study area increased due 

to increase in population, 41.6% believed 

that it was due to overexploitation of 

fuelwood and 1.6% believed that it was 

due to governmental regulations. The 

understanding of population increase as 

the main cause increase in supply by the 

respondents might be due to the fact that 

most the respondents were traders who are 

expected to be more exposed compared to 

their counterpart who are mostly farmers 

in villages. Additionally, as traders they 

believed that if population increases there 

is much likelihood that demand will 

increase, which will in turn increase the 

supply over time. This somewhat disagree 

with Philip and Massimo (2018), who 

asserted that fuelwood supply decreases 

with growing scarcity. This is because, as 

the population increase, the demand 

increase and subsequently the supply also 

increased. 

Table 3 further shows that 68% of 

the respondents believe that fuel wood 

price rise due to overexploitation of  the 

fuelwood, 23% believe that it was due to 

increase in population, 8% believed that its 

due to governments regulations and 1% 

believed that it was due to other reasons. 

Majority of the respondents were 

farmer/villagers who previously collected 

wood freely in the bush, and from the 

study, the wood is becoming unavailable 

overtime, which means they have to use 

money to buy it since it‘s the major energy 

source in their domain. Now, the more 

difficult (as seen in the average distance 

covered to collect the fuelwood) the more 

the price increase coupled with the 

increase in scarcity that also fueled the 

price up. So the respondent were left with 

no option than to view the overexploitation 

as the main cause of price increase, unlike 

their counterpart (fuel wood sellers) who 

doesn‘t  enter  the bush and collect fuel 

wood. However, Muhammad and Kofi 

(2016) disagreed and insist that, poverty is 

the driving force behind increase in 

fuelwood price in Northern region of 

Ghana. 
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Table 4: Distanced covered to collect fuelwood in Dutse in 2004 and 2018 

Measurement  Distance in 2004 (km) Distance in 2018 (km) 

Minimum 0 0.25 

Maximum 4.5 13 

Average 0.997 4.848 

Standard Deviation 0.066 0.240 

Field survey, 2018 

Table 4 shows that there is increase 

in scarcity of fuelwood over the last 15 

years (2004 to 2018), considering the 

increase in distance covered by the 

population to source out fuelwood with the 

minimum, maximum and mean distances 

of 0, 4.5 and 0.997km in 2004, which 

increased to 0.25, 13 and 4.848km in 2018. 

This might strongly be due to excessive 

exploitation of the nearby stock of 

fuelwood, which is now currently 

depleted; hence the populace has to cover 

the aforementioned distance to collect fuel 

wood. Moreover, increase in population 

that exerts more pressure on the nearby 

forest lands may be another reason for 

scarcity of fuelwood stocks in the nearby 

locations. However, this partially agreed 

with the findings of IOM & FAO (2017) in 

Cox‘s Bazaar District, Bangladesh, which 

revealed that households  traveled  an  

average  distance  of  8.75  km  and  did  

this  3  days  per  week, collecting  28.65  

kg  per  trip. The gap of about 4km 

differences may be due to geographical 

and socio-economic variations, but the 

stock is somewhat comparable to what is 

obtained in Dutse (17.74kg daily in the 

year 2018). 

 

Fuelwood availability  

Figure 2 describes the current and 

projected fuelwood availability in Dutse in 

the last 15 years, and forecasted the 

possible future availability in the next 

three years. 

 

 
Figure 2: Fuelwood availability in Dutse Local Government Area  

1 bundle = 4.75kg (on average) 

 

The above curve shows a dramatic 

decline of fuelwood availability from 

2004-2006 (average of 18 bundles or 

84.74kg per day), which decrease 
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somewhat constantly through 2007-2009 

(about 14 bundles or 66.69kg per day), 

2010-2012 (about 9 bundle or 45.93kg per 

day), 2013-2015 (about 6 bundles or 

29.64kg per day). However, there was a 

slight decrease toward 2016-2018 (about 4 

bundles or 17.74kg per day). The result 

shows a strong negative correlation of -

98%, which means that that fuelwood is 

fast becoming scarce as the population 

grows. This lined up with the finding of 

Taiye and Emmanuel (2015), who 

revealed that daily average of 91.9 tons of 

wood was harvested from Afaka forest 

reserve in Kaduna. In addition to this, IOM 

& FAO (2017) that satellite imagery 

analysis showed that since 1994 wood 

biomass decreased by 40%, 

withanestimated  annual  depletion  in  

terms  of  biomass  since  1994  is  10,196  

tons/year. The result projected almost zero 

(0) availability of fuelwood by the end of 

the year 2021 based on the extraction 

trend, and eventually become unavailable 

by the year 2024, which means that 

fuelwood may not available by 2021 and 

beyond; and subsequently supply of 

fuelwood to Dutse will be from other parts 

of the state. However, this is theoretical, 

which may not be possiblesince trees and 

other plants that produce fuelwood are 

growing continuously. Notwithstanding, at 

least it‘s valid to conclude that fuelwood is 

quite fast becoming unavailable in the 

study area. 

 

Fuelwood supply 

The curve below describes the trend and 

the current supply of fuelwood in Dutse in 

the last 15years to date, and forecasted the 

possible future supply in the next six 

years. 

 

 

 
Figure 3: Fuelwood supply curve in Dutse, 1 bundle = 4.75kg (on average) 

 

The curve shows a  rise in the 

supply of fuelwood in the study area in 

2004 from about an average of 190 

bundles or 889.7115kg /day/ supplier to 

about 215 or 1,010.288kg in 2007; in n 

2012 fuelwood supply rose to about 235 

bundles or 1,099.808kg,and went up to 

about 275 bundles or 1306.25kg in 

2015.From 2016, there was a sharp 

increase in the supply of fuelwood to 

almost 400bundles or 1848.846kg 

/day/seller or supplier in 2016-2018. The 

result also shows a strong positive 

correlation of 94%, which implies that 
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supply increase as the population increases 

in a bid to meet the ever increasing 

demand for the commodity. 

Theoretically, since the availability 

of fuelwood in the study area decreases the 

supply should also decrease as well, but in 

this case the reverse was the case. This is 

could be due to the fact that most of the 

fuelwood producers produce in somewhat 

a small scale, and the larger scale suppliers 

wasn‘t supplying directly from within 

Dutse. Secondly, most of the fuelwood 

sellers (who received the supply) also 

trade on other goods apart from fuel wood. 

Subsequently, this is in partial agreement 

with IOM & FAO (2017) who revealed in 

Cox‘s Bazaar District, Bangladesh, the 

average Mean Annual Increment (MAI) of 

3.25 ton / ha /year, make the  current 

demand higher than the current supply  

(54,451 – 10,196 44,255 tons AGB / year 

produced by the vegetation in the area. 

The study projected an increase in 

the mean supply of fuelwood in Dutse 

(416 bundles or 1,977.464kg /day/seller) 

and (481 bundles or 

2287.289kg/day/seller) as the population 

increased to 388,385 and 426,592 people 

by the end of the year 2021 and 2024 

respectively. This is quite possible, 

looking at the above-explained reasons for 

the peculiar pattern of the supply curve. 

This lined up with Philip and Massimo 

(2018), that fuelwood price has been 

increasing continuously from 1970s. 

 

Y (population) = -246.737 + 0.001707(X(f/w availability))  

 

Producer’s price of fuelwood 

Figure 4 describes the current status and 

trend of producer‘s price of fuelwood in 

Dutse in the last 15 years to date, and 

forecasted the possible future price in the 

next six years. 

 

 
Figure 4: Trend, status and projected price of fuelwood in Dutse 

1 bundle = 4.75kg (on average) 

 

The curve in Figure 3 shows a 

steady increase in producer‘s price from 

about 20 Naira per bundle in 2004-2006 to 

about 30 Naira per bundle in 2007-2009, 

which then kept increasing in somewhat a 

constant rate from N42/bundle in 2010-

2012, to N61/bundle in 2013-2015 and 

N80/bundle in 2016-2018. The result 

shows a strong positive correlation of 

99%, which means that the producer‘s 

price increased in almost the same rate as 

the population.However, the finding is 

slightly greater than what Adeyemi and 

Ibe (2014) revealed that, fuelwood costs; 
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N18.18  each  during  the  farming  season,  

and  N13.64  kg-1,  N15.21  kg-1  and  

N15.21  kg-1  respectively  in  the  off-

farming  season the  in  Owerri  North  and  

West  Local  Government  Areas  

respectively,  

The study projected an increase in 

the mean producer‘s price of fuelwood in 

Dutse (99 Naira/bundles) and 

N120/bundle) as the population increased 

from 388,385 to 426,592 people by the end 

of the year 2021 and 2024 respectively. 

Beside overexploitation and population 

increase primarily being the reason behind 

increase in producer‘s price, overall 

increasing in fuelwood scarcity and 

increase in other related product could 

have been other possible reasons for 

constant increase in producer‘s price.  

 

Y (population) = -121.114 + 0.000566 (X(f/w 

availability))  

 

Consumer’s price curve 

The curve below describes the trend and 

current status of consumer‘s price of fuel 

wood y in Dutse in the last 15 years to 

date, and forecasted the possible future 

price in the next six years. 

 

 

 

 

 

 
Figure 5: Consumers’ price trend of fuelwood in Dutse 

1 bundle = 4.75kg (on average) 

 

The curve in Figure 5 show a more 

or less steady increasing rate in the 

consumer‘s price of fuelwood in the study 

area, beginning from an average of about 

N25/bundle in 2004 to 2006, to about 

N35/bundle in 2007 to 2009, about 55 

Naira in 2010 to 2012. This shoot up a bit 

to about 75 Naira in 2013 to 2015 and 

about 100 Naira in2016 to 2018. The result 

also shows a strong positive correlation of 

99%, which means that the producer‘s 

price also fast increase as the population 

increases. 

The study projected (using the 

above regression model equation) an 

increase in the mean consumer‘s price of 

fuel wood in Dutse (99 Naira/bundles) and 

(120 Naira/bundle) as the population 

increased to 388,385 and 426,592 people 

by the end of the year 2021 and 2024 

respectively. In addition to the reasons for 

increase I producer‘s price, the fuel wood 

seller‘s need to make some profit were the 
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reason for the constantly increasing margin 

between the producer‘s and consumer‘s 

price.  

 

Y (population) = -142.318+ 0.000671 (X (f/w 

availability))  

 

Conclusion 

The study gave an overall insight in to the 

trend, status and projected situations as to 

fuelwood availability, supply and prices as 

affected by population growth pressure in 

Dutse Local Government Area of Jigawa 

state, Nigeria. It could be concluded that 

fuelwood availability in Dutse will 

continue to decrease as the population 

increases and by 2021; the availability will 

almost be zero and consequently turned 

negative by the end of 2024, mainly due to 

over exploitation. The over exploitation 

will eventually lead to increase in supply 

of fuelwood in order to meet up with the 

increasing demand caused by population 

explosion. In the same trend price of fuel 

wood would also increase at the rate of the 

population in Dutse from 2004 to 2018 and 

will probably keep increasing constantly 

through 2021 to 2024. 

 

Recommendations 

The study recommends the following:  

1. Dutse Local Government 

Authorities or Jigawa state at large 

should check overexploitation of  

trees (deforestation) which are the 

main source of fuelwood especially 

for the rural population in the 

Dutse, through regulation of felling 

trees (since its unavoidable) and 

stimulation of flexible tree planting 

avenue such as agro-forestry, 

woodlots, urban/street planting etc. 

2. Population growth pressure, the 

root cause for almost all ill socio-

economic and ecological issues 

should also be cautiously 

controlled in the study area (Dutse 

and Jigawa at large), to minimize 

its effects on the fuel wood 

availability and consumption. 
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