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Abstract: Detarium microcarpum (Fabaceae) is a small tree found in the Sudan and Guinea Savanna and used for several
nutritional and health purposes. A template was developed to enhance the practice of sustainable forest management.
Nineteen sample trees were assessed for different growth parameters, yielding a coefficient of determination (r?) and
Pearson’s correlation coefficient (r). The analysis showed the relationship between tree height and crown diameter, crown
area, basal area, crown ratio, and volume as 0.22, 0.01, 0.55, 0.10, and 0.70, respectively. To assuage the harsh effects of
climate change, deforestation and other anthropogenic activities should be discouraged through vigorous forest extension

activities.
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1. Introduction

Detarium microcarpum is a small tree that grows up to
10 meters high with a dense and spherical crown found in
the Sudan and Guinea Savanna. The plant treats diseases
such as diarrhea, rheumatism, and epilepsy and is
characterized by a hard dark brown timber. It is also
useful in agro-forestry (Mariod et. al., 2011).

Several authors, Brown and Lugo (1992), Chidumayo
(2002), Salis et al. (2006), Williams et al. (2008), Lewis et
al. (2009) commented on the relative dearth of
quantitative estimates of dry forests and Savanna biome
relative to most tropical forest biome. Forest inventories
are valuable data sources for estimating biomass density
(Brown and Lugo, 1992). Very little information on
carbon stock is available for the savanna woodland (Lewis
et. al., 2009). Knowledge of the volume of wood resources
and their growth rate is critical for forest management and
planning (Altriell et. al., 20210). VVolumetric equations are
generally useful and are required for the development and
implementation of forest management plans, but must be
adjusted for different species, region and physiognomic
types (Tonimi and Bookyes; 2015).
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There appears not to be any recent study on volume
equations in the Northern Guinea Savanna. The
importance of volume equations and their relationship to
the volume of trees and diameters at breast height and/or
height is expressed by Akindele (2005) and Nurudeen et
al. (2014).

The role of forest ecosystems in reducing GHG
emissions is highlighted by Arora et. al. (2012). Forests
play a key role in ecosystem conservation and provide
livelihood for many dwellers (FAO, 2006). Climate
change affects different sectors (Osbahr, 2007). Forests
are responsible for about 17% global GHG emissions.
Estimated damage costs of forest loss for the global
economy could be about $12 trillion in net present value
terms, including climate change damage caused by
emissions from other sectors (Elias Chi 2008). The nexus
of climate, spatial variation and carbon sequestration on
forest productivity is expressed by Toledo et. al., 2011).

Forest management strategies to mitigate climate
change include the application of sustainable forest
management because the forest sector sustains carbon and
absorbs the same from the atmosphere (Lal and Sough,
2000); community forest management can help in the
reduction of forest emissions and increase forest carbon
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stock. Forest management interventions that result in
carbon emission reductions or increased carbon
sequestration could be rewarded by REDD + (FAO,
2010). Thirdly, a sustainable environment can be achieved
by developing and managing agro-forestry systems on
lands, farms, and urban and rural tree plantations (FAO,
2010).

This paper aims to derive a template for sustainable
forest management in Nigeria’s Northern Guinea Savanna
by studying the growth and yield predictions of Detarium
microcarpum.

2. Materials and methods

Bagale Hills Forest Reserve is an old ecosystem located
between latitudes 90 11” and 90 “N and Longitude 120
30” E in the Northern Guinea Savanna Zone. As shown in
Figure 1 (Adamawa State Government, 2022), the reserve
has an area of 69.4 square miles, or about 18,000 hectares.

A total of 15 sample plots randomized and replicated
were laid in the reserve from which 19 individuals of

Detarium microcarpum trees measuring 10 > cm and

above were assessed. This species was identified in the
herbarium of the Biological Sciences Department,
Ahmadu Bello University Zaria, Nigeria. To eliminate
bias, the selected trees were numbered with red paint to
avoid double counting. The biggest, smallest, and
medium-sized trees were all captured in the sample plots.
There was no sign of pruning or pollarding on the trees in
the study area. The variables of each tree measured
include tree height, crown diameter, diameter at breadth
height (dbh), Crown diameter, tree girth, basal area, and
volume.
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Figure 1: Map of the study area
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Tree Height

This is measured as the total height subtracted from the
distance from ground level to the base of the crown. The
clinometers were used to aim at the peak of the tree, and
the distance of the tree angle to the operator was recorded
(Gareth, 1991).

X=Y tan A+Z (D)

Where X= tree height, Y= distance from the tree to the
observer, A= angle of elevation, Z= height of the observer
at eye level.

The height of each tree was measured using a
clinometer—Haga altimeter—following the procedure of
Mugash et al. (2013).

Crown Ratio

This was computed for each of the species in the
sample plots using the formula

CR=cli/THTi (2)

Where Cli = individual tree crown length
THTi = total height of the ith tree
2012)

(Buba et. al.,

Crown Diameter
This was measured for each tree using the formula

cp=xZ @3)

Where CD = Crown diameter
ri = projected crown radii measured on four axes
(Arabeyiretal et. al., 2020)

Tree Girth
This is the measurement of the circumference of the
tree taken at 1.3 m above the ground level (Eyre et. al.,
2000). The stem DBH was calculated as follows:-
C=Dxn 4

Where C= Circumference,
D= Diameter

m=22/7i.e3.14.

Basal Area
This involves determining the cross-sectional area of a
tree trunk at 1.35 meters above the ground measured in
square meters. This parameter was determined based on
the formula by Wratten & Fry (1980).
(®)
Volume

The volume of each tree was established using
Newton’s Formula (Husch et. al., 1982), which is
expressed as:

V=H (Ap + 4An + An)

(6)

Where V= actual tree volume (Overbark in m?)

H= Tree height (m)

Ap= Cross sectional area at the base of the tree (m?)
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An= Cross sectional area in the middle of the tree (m?)
An= Cross sectional area at the top of the tree (m?).

3. Results and discussion

The minimum and maximum stem diameter obtained
were 0.08 and 0.48 cm, respectively (Table 1). This did
not agree with the findings of Mugasha et. al. (2013), who
obtained figures ranging from 1.1 to 3.5cm minimum and
58.4 to 175cm maximum in different forest types and
species groups of trees in a natural tropical forest of
Tanzania.

The relationship between tree height, volume, and basal
area was negative, while that between tree height and
crown diameter was moderately positive. The relationship
between tree height and crown area exhibited an
extremely weak positive correlation (Table 2).

The coefficient of determination (r2) in the correlation
between tree height and crown diameter was 26% (Table
2). This implies that 26% of the variation in the tree height
in the 19 samples was accounted for by variation in their
diameter.

The r2 between tree height and basal area (54%) and
volume 70% respectively (Table 2) were negative. These
results do not agree with those obtained in different forest
types/species groups by Mugasha et. al. (2020).

The minimum and maximum stem diameters obtained
were 0.08 and 0.4cm, respectively, which did not agree
with the results obtained by Koirala et al. (2016) and those
recorded by Buba (2013), who obtained 0.32 and 0.70 cm,
respectively, in the same clime. Koirala et al. (2016)
posted dbh and height ranging from 6.1 to 58.9 and 6.1 to
2.8, respectively, in the central lowlands of Nepal.

Positive correlations were observed between tree height
and crown diameter, crown area, and crown ratio, while
negative correlations were observed between tree height,
basal area, and volume using tree height as a predictor
variable (Table 2).

The coefficient of determination (r?) in the relationship
between tree height and crown diameter was 26% (Table
2). This implies that 26% of the variations in the tree
height in the 19 samples of the study area were accounted
for by the variations in their diameter. The r2 between tree
height and the crown area was 15%; tree height and basal
area 54% and volume 70%, respectively, were negative
(Table 2). These results do not agree with those obtained
by Mugasha et. al. (2013) in different forest types/species
groups. R? values for tree height and basal area and
volume could not be estimated using tree height as a
predictor variable because the correlations and F- values
were not significant.

Positive correlations were observed by Troxela et al.
(2013), but Ige et al. (2013) found DBH to be a weak
estimate of growth dimensions in Gmelina arborea.
Figures 2, 3, 4, & 5 show the presence of outliers in the
data collected caused by overgrazing, crop destruction,
defoliation by animals, and severe soil damage such as
soil compaction, which are known to distort an entire
forest ecosystem, especially in dry lands, Mousavi et. al.,
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(2022). In addition, deforestation can exacerbate the harsh
effects of climate change and affect carbon sequestration
negatively, Urban et al. 2010.

EL-Mamoun et. al. (2013) suggested that one
algometric model may not adequately represent the
growth parameters of different tree species in the same
locality; hence, each species should have its own model.
Staff Berg et al. (2009) obtained a strong correlation
between stem diameter and crown diameter (r2=0.74) but

a weaker correlation for tree height and stem diameter (r>

0.63) and stem diameter and crown height (r>0.60) of
combretum spp and two species of Searzia.
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Table 1: Details of Detarium microcarpum

TE Fa]

Diameter Tree height Crown Crown Basal area  Crown Volume
at breast Diameter Area Ratio
height
N 19 19 19 19 19 19 19
Mean 26.5 13.4 2.0 24.1 0.0791 1567 1.0444
STD error of .02807 .965 .229 4.7 .01466 .01651 .24927
Mean
Median .2500 13.2 2.0 15.9 .065 .1550 .6650
STD. deviation ~ .11908 4.09 97351 19.8 .06219 .07004 1.05756
Range 0.40 14.60 3.80 64.5 0.20 0.25 3.25
Minimum 0.08 5.30 0.40 0.50 0.01 0.03 0.05
Maximum 0.48 19.90 4.20 65.0 0.20 0.28 3.30
Sum 4.77 240.4 36.15 434.61 1.42 2.82 18.80
Percentiles 2 .1800 10.60 1.45 11.07 .0275 1275 2425
5 .2500 13.150 2.00 15.90 .0650 .1550 .6650
5 .3800 16.4 2.50 39.92 .1300 .2025 2.04

Table 2: Regression prediction model, pearson correlation coefficient (r) and correlation coefficient determination (r?) of
different tree parameters

Tree Variable F Value Value =Prediction Model r r Sig.
A. Tree height V CD 4.419 Y =0.111x + 0.1530 0.465 0.216 0.026
B. Tree height V CA 0.240 Y = 0.588x + 16.294 0.122  0.015 0.315
C. Tree height V BA 19.38 Y =0.011x - 0.071 0740 0.548 0.000
D. Tree height V CB 1.85 Y =0.006x + 0.230 0.322 0.103 0.097
E. Tree height VV Vol. 38.13 Y =0.217x - 1.852 0.839 0.704 0.000

4, Conclusion

Growth and yield assessment of trees was carried out in
the Northern Guinea Savanna. Out of the 19 sample trees
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measured, the minimum and maximum stand diameter
£DbBEL were 0.08 and 0.48cm, respectively. Using tree
height as a predictor variable, weak negative correlations
were observed between tree height base area and volume.
In contrast, positive correlations were recorded in the
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relationship between tree height and crown diameter,
crown area, and crown ratio. The coefficient of
determination (r?) showed the relationship between trees
height on one hand, crown diameter, crown area, basal
area, crown ratio and volume on the other, portraying
different values. In order to assuage the ravaging effects of
climate change, deforestation and other anthropogenic
activities in this ecosystem should be discouraged.
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