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ABSTRACT

Highways act as concave corridors that thrive unique group of plants which maintain ecological balance.
The growing interest in the evaluation of the potential of highway vegetation to climate change mitigation
and adaptation as part of IPCC strategies accounts for this research study. The study was conducted along
the 19 km stretch of dual carriage, Accra-Tema Motorway in Ghana. Using non-destructive sampling
approach in 40-hectare area, biophysical parameters of trees species on either side of this highway was
carried out and appropriate allometries used to convert these measures to total biomass and potential
carbon dioxide values. 43 different tree species belonging to 18 families from a total of 5976 individual
trees were measured. The Fabaceae constitutes the dominant plant family. In terms of spatial tree distribution,
3.0 — 9.0m and 0.30 — 0.90m average tree height and girth ranges respectively were prominent. On the
average, 54.94 t/ha of biomass (27.47 tC/ha) from ~149 trees/ha is estimated with Albizia lebbeck, Samanea
saman and Khaya senegalensis recording the highest values. In view of that, attention must be paid to the
conservation of these and other dispersed trees species due to their ability to sequester and store appreciable

amount of carbon.
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Introduction

Urban greeneries have recently gained popularity as
climate change adaptation/mitigation measures and
has implications for improving environmental qual-
ity (Velasco et al., 2016). Unfortunately, much of the
environmental challenge; greenhouse gas emissions,
global temperature rises and abnormal climate phe-
nomenon, experienced in urban areas are as a result
of ongoing developmental and attendant anthropo-
genic activities such as construction and broadening
of road networks that connects to development of

residential and industrial settlements accounting for
deforestation. Actually, this has resulted in the dis-
ruption of many greeneries leading to reduction in
urban ecosystem services. In particular, tree diver-
sity in urban green areas are known to sequester and
store carbon. However, it is difficult to quantify the
actual amount of carbon sequestered because it in-
volves emissions from other land use activities and
therefore, analysis of the carbon footprint would in-
volve an established method for systematically
quantifying its sinks and sources (Strohbach et al.
2011). Many urban development policies, continue
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to promote tree-planting, preservation of urban
green spaces, and green architecture (i.e. green roofs
and facades (US-EPA, 2008; Pataki et al., 2011;
Demuzere et al., 2014) to mitigate carbon. The so
called “green pockets’ in the urban areas in the form
of avenue trees, trees in home gardens, fruit or-
chards, arboretum, botanical gardens, etc. acts as
hotspots in the urban landscape (Kulkarni et al.,
2001). Trees in urban areas therefore, play a key role
in maintaining the ecological balance of busy and
polluted environment (Chavan and Rasal, 2010).
Additionally, trees sequester the accumulated an-
thropogenic carbon emissions which is utilized in
photosynthetic processes mainly for generating
multiple compounds that give bulk to the plant
body and stored as above and below ground biom-
ass (Litton et al., 2007; Gorte, 2009; Munisamy et al.,
2011). Urban green pockets also provide other eco-
system benefits such as reducing air and noise pol-
lution, slowing down and trapping sediment, and
uptake of nutrients and in some cases heavy metals.

Within urban landscape designs, constructed
highways act as concave corridors that thrive
unique group of plants that are in constant connect
with vehicular and industrial exhaust fumes as well
as other anthropogenic pressures. All over the
world, highway corridors are usually surrounded
by vegetative cover which has this potential to se-
quester and store carbon. By doing so, woody tree
species along highways curtail the greenhouse gas
effects to a reasonable extent. There is a growing
interest in the evaluation of the potential of road-
side/highway vegetation and soils to carbon seques-
tration. In particular, the emissions of CO, generated
from combustion of fossil fuel is estimated to com-
prise approximately 80% of the anthropogenic
greenhouse gases, hence contributing to the overall
global climate change effect (Alvarez and Plocheck,
2016). According to Kiran and Kinnary (2011), be-
cause of the proximity of urban trees to vehicular
emissions, such trees contribute significantly in re-
ducing urban air pollution. Beckett et al., (2000)
found that trees in close proximity to roadsides cap-
ture more large-size particulate matter than trees
further away. Scott et al., (1999) also reported that
roadside trees provide a cooling effect on microcli-
mate directly by shading the ground surface and
indirectly through transpiration. Ferrini and Fini.
(2011) from similarly related research reported that
a net save in carbon emissions that can be achieved
by urban tree planting can be up to 18 kg CO,/year
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per tree. This benefit he indicated corresponds to
that provided by 3 to 5 forest trees of similar size
and health. These urban ‘green pockets” are there-
fore a unique ecosystem experiencing different com-
binations of stressors than many other ecosystems. It
therefore requires site- specific research in addition
to special strategies and policies to govern its man-
agement and design.

The Accra Tema motorway located in the Greater
Accra region built in 1964-1965 is part of the Trans
West African Highway (Abidjan-Lagos Corridor),
linking the city of Accra, the Kotoka International
Airport and Tema Port (gipcghana, 2019). This ma-
jor road network is 19 km stretch that connects
Accra to Ghana'’s Industrial and Manufacturing hub
in Tema (Ghana Statistical Service, 2010) and is an
excellent road for the transportation of goods and
services to facilitate trade and commerce between
Tema and other parts of the country. The motorway
is a 7.3m 2-Lane dual carriageway with a median
divider which separates the two carriageways. The
weighted Average Annual Daily Traffic (AADT)
volume recorded on the road is approximately
65,200 vehicles per day (vpd), comprising 16% of
vehicles in the medium and heavy groups
(Gipcghana, 2019). Vegetation along the motorway
is made up of several plant life forms (trees, shrub,
herbs, climbers etc.). These life forms provide aes-
thetics, refugia for isolated or relict populations of
other exotic plant species as well as increase the
water infiltration capacity and reduce erosion and
sedimentation of watersheds. Vehicular emissions
absorbed from the atmosphere by such plants un-
dergo the biological process of photosynthesis.

Highway development shares the effects with
other human related activities that degrade the
natural environment. The rate of rapid urban squat-
ter sprawl associated with development of unautho-
rized structures has resulted in tremendous in road
traffic on the motorway since it was built. This now
calls for an expansion project. In the near future, the
expansion is likely to result in converting the land
corridors with different plant species to become con-
creted land. The most direct effect of highway de-
velopment on ecosystems is the destruction of a
natural habitat through its “conversion” to a trans-
portation land use or “right-of-way”. Although
natural vegetation may be preserved within the
right-of-way, the original natural characteristics of
the land is eliminated within the paved area and
adjacent roadsides. The clearing of vegetation (trees,
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shrubs and grasses) and accompanying levelling
operations (that destroy the original topography
and soil profile) are the principal changes which are
likely to happen.

Considering the role of plant diversity along this
major highway in combating green-house gases and
supporting other biodiversity, it has become signifi-
cant to study and document their contributions to
ecosystem services. Till date, there has been no re-
search on the vegetation and the potential carbon
storage along the Accra Tema motorway. This study
therefore attempts to provide first-hand information
on the “greenery” and its contribution of woody tree
species, hence biomass and carbon stock for evaluat-
ing current status of the Accra-Tema motorway.

Materials and Methods

Study area

The study area is the roadside vegetation along the
Accra-Tema motorway that lies latitude
(5°3724.98N - 5°4047.60N) and longitude
(0°10'10.55W - 0°0140.23W) and, located in the
southern part of Ghana (Accra), as shown in Fig 1.
This motorway begins from the Tetteh Quarshie in-
terchange in Accra and ends at the Tema round-
about expansion.

Climate

The area experiences the tropical wet and dry sea-
son climate with an annual mean temperature of 26
°C. The daily minimum and maximum tempera-
tures range between 21 °C — 24 °Cand 26 °C — 32 °C
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Fig. 1. Location of Accra-Tema motorway
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respectively with average minimum temperatures
ranging from 24°C — 27 °C. The mean monthly tem-
peratures vary by 4 °C and the mean diurnal tem-
perature range is 7.5 °C. Total annual precipitation
averages of 787mm with two peaks of rainfall in the
months of June and October (Climatemaps, 2015).

Vegetation and Land use

The vegetation along the Accra-Tema motorway is
made up of a variety of herbs, shrubs, trees, climb-
ers, lianas etc. on either side of the road. The divider
separating the two carriageways thrives various sea-
sonal herbs, shrubs as well as tree saplings (Fig. 2).
In recent times, the motorway is seen undergoing
various expansion projects which in the future
would have adverse impacts on the remaining frag-
ile vegetation along the motorway.
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Fig. 2. 2017 Landsat imagery of part of the Accra-Tem
motorway stretch showing land use and land
cover differences (source: Google Earth Map)

The main land use activities include urban agri-
culture, illegal settlement, small scale businesses
and road construction development. For purposes of
agriculture, trees close to the dual carriageway are
mostly cleared paving way for use as farmlands for
urban agriculture. The common crops farmed are
Zea mays (maize), Brassica capitate (cabbage), Brassica
botrytis (cauliflower), Cucumis sativus (cucumber),
Musa paradisiaca (banana), Musa sapientum (plan-
tain), Pennisetum glaucum (perl millet), Arachis
hypogaea (groundnut), Abelmoschus esculentus (okra),
Allium cepa (onion), Solanum lycopersicum (tomato),
Solanum melongena (eggplant), Capsicum annuum
(capsicum), Carica papaya (papaya), Lactuca sativa
(lettuce), etc. There are also numerous squatter
settlements in kiosks and wooden structures. Set-
tlers in these unapproved structures are illegal. Vari-
ous infrastructure development in the form of ware-
houses for industries are a common sight along the
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motorway. Also, various signages for advertisement
of commercial products are also located along the
motorway which has replaced previously standing
live tree stands. Several illegal small roads also con-
nect to the main highway. These and other anthro-
pogenic activities such as dumping of refuse, laying
of electric poles, construction of checkpoints and
parking space for heavy loaded vehicles etc. has re-
sulted in a frequent clearing of several patches of the
natural vegetation along the motorway causing sev-
eral notable fragments of the one-time continuous
natural vegetation patch along the motorway.
These fragments are currently occupied by various
woody shrub species and invasive tree species.

Plot Sampling

Ten (10) plots each of 1000m x 20m were demar-
cated on both the sides (10 plots on each side) of the
dual carriage Accra-Tema motorway with an ap-
proximate interval of 800m-900m between each plot
(Fig.3). In all, an area of appx. 40 hectares was
sampled to collect data on live tree species stands.
Employing non-destructive approach, biophysical
parameters such as the tree height (H) and girth at
breast height (GBH) for individual tree species in the
sampled plot were measured.

Following Pearson et al., (2005) guidelines for
GBH measures, and the height of trees were esti-
mated using appropriate tools.

Biomass and Carbon Estimations

A non-destructive approach was adopted and the
following parameters calculated by inputing the bio-
physical measured values into respective allometric
equations for estimating biomass pool, organic car-
bon storage and carbon dioxide sequestered.
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Fig. 3. Sampled plots along the dual carriage Accra-
Tema motorway
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1. Above Ground Biomass (AGB)

The AGB of trees comprises whole shoot, branches,
leaves, flowers, and fruits outside the soil. Allomet-
ric equations for biomass usually include informa-
tion on trunk Diameter at breast height DBH (in m),
total tree height H (in m), and wood density (in Kg/
m3). The unit of the AGB estimated from the allom-
etric equation is the kilogram (Kg). AGB is calcu-
lated using the following formula:

AGB (kg/tree) = Volume of tree (m®) x Wood
density (kg/m?) (Brown, 1997; Negi et al., 2003)

= (nr? x H) x Wood density

Radjius of the tree is calculated from GBH of tree.
The wood density value was obtained from the glo-
bal wood density database recommended by Zanne
et al., (2009). The standard average density

of 0.6 gm/cm is applied wherever the density
value is not available for tree species.

Below Ground Biomass (BGB)

The Below Ground Biomass (BGB) includes all bio-
mass of live roots excluding fine roots having < 2
mm diameter. The BGB has been calculated by mul-
tiplying AGB by 0.26 factors as the root: shoot ratio.
BGB is calculated by given following formula
BGB (Kg/tree) or (ton/tree)
= AGB x 0.26 (Brown, 1997; Negi et al., 2003)

Total Biomass

Total biomass of trees was calculated by sum of
AGB and BGB of trees. The Total Biomass of trees
was calculated by following method (MacDicken,
1997)

Total Biomass (Kg/tree) or (ton/tree) = AGB +
BGB

Carbon Storage Estimation

Generally, for any plant species 50% of its biomass is
considered as carbon (Pearson et al., 2007) i.e. Car-
bon Storage = Biomass x 50%or Biomass/2 (Kg/
tree) or (ton/tree)

Carbon Dioxide Sequestered

CO, is composed of one molecule of carbon and 2
molecules of oxygen. The atomic weight of carbon is
12.001115, the atomic weight of oxygen is 15.9994,
the weight of CO, is C+2*0=43.999915, The ratio of
CO2 to Cis 43.999915/12.001115=3.6663.
Therefore, to determine the weight of carbon di-
oxide sequestered in the tree, multiply the weight of
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carbon in the tree by 3.6663 (Brown, 1997; Negiet al.,
2003; Pearson et al., 2007) expressed in (Kg/tree) or
(ton/tree).

Results

A total of 5976 number of individual woody trees
with dbh > 10 cm made up of 43 different species
and 18 plant families sampled on the Accra-Tema
Motorway are shown in Table 1. The plant family
Fabaceae was dominant (Fig. 4) and accounted for a
total of seventeen (17) different woody tree species,
i.e. appx 40%, followed by the Combretaceae and
Malvaceae with three (3) species each. Only one or
two species belong to the remaining plant families

(Fig. 4).
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Fig. 4. Ratio of woody tree species to various plant fami-
lies

Out of 5976 individuals, a total of 3871 trees,
appx. 65% of the total accounted for the Fabaceae
only on the Accra-Tema Motorway (Fig. 5)
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Fig. 5. Ratio of number of tree counts to various plant
families

In terms of spatial distribution of sampled tree
species, it is noted that aggregation is weaker in
number of individual trees with higher heights than
those with lower heights (Fig. 6). Boxplot of trees
within the height range of 3.0 - 9.0m were dominant
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across the motorway accounted for appx. 72%.
Comparatively, the distribution of number of
younger tree sizes, i.e. those with lower height to
older trees is highly reduced (Fig. 6).
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Fig. 6. Boxplot showing pattern of tree height distribu-
tion along Accra-Tema Motorway

Similarly, in terms of girth, a ‘concave down, de-
creasing’ pattern which implies that spatially, the
tree girth sizes do not follow the normal distribution
pattern. Rather, more individuals ranged between
0.30 - 0.89m in girth accounting for appx. 79% com-
pared to the larger girth sizes of 0.9 — 2.9m making
up 21% (Fig. 7).
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Fig. 7. Boxplot showing pattern of tree girth distribution
along Accra-Tema Motorway

In terms of relative frequency distribution,
Leucaena leucocephala and Azadirachta indica recorded
the highest percentage followed by Albizia lebbeck,
Senna siamea, Samanea saman and Acacia
auriculiformis. The lowest was recorded for species
such as Tabebuia heterophylla, Cassia fistula, Tectona
grandis, Adansonia digitata, Sterculia foetida and
Muntingia calabura as shown in (Fig. 8).

Similarly, in terms of relative denisty, Leucaena
leucocephala recorded the highest value per unit area
(32.76%) as shown in (Fig. 9), followed by Azadiracta
indica (20.03%). These were preceded by Albizia
lebbeck, Acacia auriculiformis, Senna siamea, Khaya
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senegalensis, and Samanea saman withrelative density
that ranged between 7.5 to 4.5. The remaining tree
species accounted for very low values 1.5 to 0.02.
Trees such as Cassia fistula, Adansonia digitata, Stercu-
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lia foetida and Muntingia calabura recorded only an
individual each within the entire Accra-Tema

motorway stretch.

For total tree biomass in the 40-hectare sampled

Table 1. Bio-physical parameters, biomass and carbon input of sampled tree species

Species Name Sp. Ave. Ave. Rel. Rel. Total Carbon CO,
Count  Ht/M  Gbh/M Density  Freq. Biomass/ Storage/  Sequest-
Tons Tons ration/
Tons
Acacia auriculiformis 432 6.7 0.4 7.23 5.08 36.37 18.18 66.74
Acacia mangium 11 7.5 0.7 0.18 1.69 2.06 1.03 3.78
Acacia nilotica 6 43 0.5 0.10 0.85 0.39 0.20 0.72
Adansonia digitata 1 11.3 11 0.02 0.42 0.42 0.21 0.77
Albizia lebbeck 470 9.3 1.6 7.86 5.93 790.81 395.41 1451.15
Anacardium occidentale 19 8.3 0.9 0.32 1.27 5.63 2.82 10.33
Anogeissus leiocarpa 17 7.2 0.7 0.28 1.69 4.57 2.29 8.39
Antiaris toxicaria 30 9.6 0.6 0.50 1.69 7.84 3.92 14.38
Azadiracta indica 1197 6.5 0.7 20.03 6.78 240.60 120.30 441.50
Balanites aegyptiaca 47 7.3 0.7 0.79 3.81 11.29 5.65 20.72
Blighia sapida 57 8.6 0.6 0.95 1.69 12.25 6.12 22.48
Cassia fistula 1 59 0.6 0.02 0.42 0.14 0.07 0.26
Ceiba pentandra 12 9.1 1.9 0.20 1.27 12.22 6.11 22.43
Delonix regia 23 7.3 0.9 0.38 1.69 7.14 3.57 13.11
Diospyros mespiliformis 15 6.7 0.5 0.25 1.27 1.58 0.79 2.90
Elaeis guineensis 17 3.5 0.4 0.28 1.27 0.69 0.34 1.26
Erythrophleum suaveolens 6 6.6 1.0 0.10 0.85 2.94 1.47 5.40
Ficus umbellata 5 10.5 1.3 0.08 0.85 4.53 2.26 8.31
Gmelina arborea 7 9.7 1.2 0.12 0.85 4.58 2.29 8.41
Khaya senegalensis 298 14.7 1.0 4.99 3.81 320.68 160.34 588.46
Leucaena leucocephala 1958 4.6 0.3 32.76 7.20 65.62 32.81 120.41
Mangifera indica 98 7.8 0.7 1.64 2.97 21.03 10.52 38.59
Millettia thonningii 79 6.9 0.7 1.32 2.97 15.28 7.64 28.04
Millingtonia hortensis 18 5.1 0.5 0.30 212 1.35 0.67 2.47
Moringa oleifera 69 4.8 0.3 115 297 111 0.55 2.04
Muntingia calabura 1 53 0.5 0.02 0.42 0.04 0.02 0.07
Parkinsonia aculeata 67 6.2 0.3 112 3.39 2.65 1.32 4.86
Peltophorum pterocarpum 35 11.2 1.0 0.59 1.27 24.00 12.00 44.05
Philenoptera violacea 48 7.7 0.8 0.80 2.54 20.83 10.42 38.23
Piliostigma reticulatum 34 2.5 0.4 0.57 1.27 0.69 0.35 1.27
Pithecellobium dulce 52 6.5 0.5 0.87 2.97 6.19 3.10 11.36
Polyalthia longifolia 5 7.6 0.4 0.08 0.85 0.38 0.19 0.69
Samanea saman 267 11.6 1.3 4.47 5.08 357.13 178.57 655.34
Senna siamen 378 9.0 0.7 6.33 5.93 123.74 61.87 227.07
Sterculia foetida 1 11.7 14 0.02 0.42 1.14 0.57 2.08
Tabebuia heterophylla 2 11.6 1.5 0.03 0.42 3.33 1.66 6.10
Tectona grandis 2 14.5 1.0 0.03 0.42 1.68 0.84 3.09
Terminalia catappa 19 13.4 1.0 0.32 1.27 12.21 6.11 22.41
Terminalia mantaly 47 53 0.4 0.79 2.97 3.20 1.60 5.87
Tetrapleura tetraptera 4 7.1 0.5 0.07 0.85 0.42 0.21 0.76
Vitex doniana 20 7.5 0.7 0.33 2.97 2.80 1.40 5.14
Zanthoxylum zanthoxyloides 89 10.7 1.0 1.49 4.66 65.98 32.99 121.08
Ziziphus mauritiana 12 22 0.4 0.20 0.85 0.22 0.11 0.40
TOTAL 5976 2197.77 1098.89 4032.91
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Fig. 8. Relative frequency distribution of sampled species

area, a value of 2197.77 tons is estimated. This im-
plies 54.94 t/ha of accumulated biomass by appx
149 trees/ha. The contribution by individual species
such as Albizia lebbeck (19.77 t/ha), Samanea saman
(08.93 t/ha) and Khaya senegalensis (08.02 t/ha) re-
corded the highest estimates. Additionally, species
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such as Azadirachta indica, Senna siamea, Zanthoxylum
zanthoxyloides and Leucaena leucocephala accounted
for biomass values that ranged between 6.00 — 1.00
t/ha. A very low biomass value of less than 1.00 t/
ha is recorded for the remaining 36 woody tree spe-
cies (Fig. 10).

In terms of storage carbon, a total of 1098.89 tons
in the 40-hectares sampled area is estimated. This
implies 27.47 t/ha carbon stock with Albizia lebbeck
(9.89 t/ha), Samanea saman (4.46 t/ha) and Khaya
senegalensis (4.01 t/ha) measures as the highest rank
order. The remaining woody tree species measured
value range between 0.01- 3.00t/ha (Table 1).

Given that, the estimated carbon storage is di-
rectly proportional to CO, sequestrated, the rank
order in terms of potential contribution by indi-
vidual trees as the major carbon sink include such
tree species as Albizia lebbeck (36.28 tCO,/ha) fol-
lowed by Samanea saman (16.38 tCO,/ha) and Khaya
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senegalensis (14.71 tCO2 /ha). Whereas, the remaining
other trees recorded between 0.01-11.00 tCO,/ha
(Table 1).

Discussion

According to Fosu, (2009), the onetime breathtaking
landscape of the Accra-Tema Motorway stretch
coupled with its serene atmosphere and constant
uninterrupted swirling fresh air is fast deteriorating.
Steadily, these conditions are vanishing as the adja-
cent green spaces (trees and vegetative cover) are
gradually giving way to brick and mortar, real estate
and industrial establishments. A notable observa-
tion during the dry season in particular is the burn-
ing of brush (shrubs and grasses) annually within
the median or divider resulting in brush fires and
smoke releases that cause poor visibility to commut-
ers. Thus, evaluating the urban greenery or green
space along the Accra-Tema motorway is an impor-
tant research initiative towards understanding eco-
logical stress of this important resource (tree diver-
sity) for any meaningful future developments of the
highway management.

For this study, the vegetation inventory is in-
tended to provide baseline floristic dataset for the
existing vegetation and its related biomass and car-
bon pool estimates towards climate change account-
ing (mitigation and adaptation). Our record of 43
tree species in 34 genera and 18 families from a
sample area of 40 hectares is comparable to similarly
related national highway studies by Baral et al.
(2013) at Nepal and Wang (2011) in Taiwan. In Baral
et al. (2013) study, 19 different species were recorded
from roadside vegetation study whereas, a total of
62 species of woody trees were recorded from an-
other national highway plantation study in Taiwan
by Wang (2011). Certainly, these differences reflect
geographic and physiographic, environmental gra-
dients and the purpose of management, as noted in
Rahmana et al., (2015). Repeated disturbances due
to diverse anthropogenic activities such as illegal
settlers, farming activities, road expansion, fuel
wood harvesting, soil work and others were noted
as major land use along the motorway as shown in
Fig. 2. Brakenhielm and Liu, (1998) reported that
such disturbance activities favor species that grow
best in degraded conditions, in particular legume
plant species. Indeed, the tree communities in Fig. 4
& 5 were dominated by several species of plants
belonging to the Fabaceae family (leguminous
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plants) in the present study. Legumes accounted for
appx 68% of the tree species and 66% of the biomass
and related carbon stock for the entire stretch of the
Accra-Tema motorway (Table 1). Past research find-
ings in India and also confirm dominance of the le-
gume plant family (Gamble and Fischer, 1934;
Muthulingam and Thangavel, 2012).

The spatial dispersion (patchiness or aggregation)
of individual live trees sampled in this study is of
significance to the overall ecological management of
the Accra-Tema highway. According to (Dale, 1999;
Folt and Burns, 1999), the degree to which the indi-
vidual tree species are aggregated or dispersed, is
crucial to how a species uses resources, or how it is
used as a resource and to its reproductive biology.
Condit et al., (2000), reported that spatial patterns of
such species distribution are of particularly impor-
tant theme in tropical ecology because high tree di-
versity produces low densities in the tropics. Indeed,
in this study, the spatio-temporal distribution of the
43 different woody trees sampled do not show uni-
form distribution pattern for their structural compo-
sition (tree height and tree girth distribution) as ob-
served in (Figs. 6 & 7) and along the five sample
plots in Fig. 3. Agreeably, this was noted for
Leucaena leucocephala and Azadirachta indica, that re-
corded comparative high relative frequencies
(>50%) and densities (>20%) yet their overall esti-
mated biomass is low despite their large numbers
compared to other tree species. Similarly, their over-
all low average height and girth measures imply
that most of these trees are young sizes. Invariably,
the high count number recorded is due to their high
regeneration ability and invasion in canopy gaps as
also noted by many researchers (Lowe et al., 2000;
Walton 2003; Yoshida and Oka 2004; Hata et al.,
2010; Kueffer et al., 2010; Marques et al. 2014; Witt et
al. 2017). Shelton and Dalzell (2007) and Olckers
(2011) also reported that L. leucocephala thrives on a
wide range of ecological conditions, fire resilience
(Idol, 2019) and it quickly spreads to form a dense
vegetative cover replacing other native species and
once established it becomes difficult to control.

Similar invasiveness as reported for Azadirachta
indica in this study is also noted in other related
studies done in Ghana (Chamberlain, 2004); Togo
(Kokou et al., 1999; Adjossou; 2009; Radji et al 2010);
Fiji (PIER, 2007); Australia (Csurhes and Edwards
1998) and in Washington (Richardson et al., 2004),
where A. indica is listed to be an intrusive tree spe-
cies and spreads profusely in the desolate and
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canopy gap areas. These studies support the current
findings of L. leucocephala and A. indica as aggressive
colonizer within the ruderal sites and canopy frag-
mented areas due to tree logging for various land
use, forming dense monospecific thickets along the
Accra-Tema motorway stretch.

On the related biomass measures, Gough et al.,
(2008), Thornton et al., (2002), and Timilsina, et al.,
(2013) suggest that older trees have higher capacity
to store more biomass as compared to younger trees.
Other studies also suggest that the healthier and
larger the size of tree, the higher is its capacity to
store biomass several times more than tree stands
that have small sizes (Escobedo et al., 2010; Maco
and McPherson, 2003; Nowak, 1993; Nowak and
Crane, 2002; Nowak and Dyer, 2007). In this study,
Albizia lebbeck, Samanea saman and Khaya senegalensis
as shown in Fig. 10 were noted as larger sized tree
species with corresponding higher store of biomass.
In terms of size and count numbers, these species
ranged from 9.0 — 15.0 m height, 1.0 to 1.6 m of girth
and appx. 250 — 500 counts. MacDicken (1997) re-
ported that large healthy trees having the diameter
more than 1.5 m sequestered approximately 40
times more carbon as compared to the small healthy
trees species which have the diameter less than 0.12
m. This implies that, comparatively these averagely
large sized trees (appx. 0.4 m DBH) along the
motorway sequester appx. 11 times more carbon
than the smaller and younger trees. Invariably, large
sized trees save nearly 1000 times maximum carbon
than smaller trees (MacDicken, 1997).

Clark et al. (2001) and Djomoa et al., (2010) both
revealed that above ground biomass is more
strongly correlated with DBH and a good estimator
of biomass aboveground (AGB) as shown in Fig.10.
Our results highlight the contribution of these
sampled younger tree stands to the potential carbon
capital. Old trees simply act as negative carbon se-
nescent (Kohl et al., 2017) and hence the Ghana high-
way authority must ensure that these younger sized
trees be maintained for a much longer time to ensure
them become efficient at sequestering carbon. These
trees along the motorway can survive in the urban
environment polluted with traffic-related contami-
nants and may be one of the important green region
in the urban and industrial sectors as indicated by
(Shannigrahi et al., 2004; Govindaraju et al., 2011) in
similarly related studies.

In summary, the focus of our study is both on
aggregated as well as individual tree strength. As
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large trees determine stand level dynamics as noted
by (Newberry and Ridsdale, 2016 and Korner, 2006
and 2017), they play a major role in small-scale car-
bon accumulation and storage.

Conclusion

Changes in land use have a strong and long-lasting
effect on the ground vegetation as well as ecosystem
services they provide. With the increasing spatial
demands for road network the expansion and en-
croach of adjacent landscape coupled with the loss
of natural and cultural heritage of the Accra-Tema
Motorway has become inevitable. Rapid squatter
sprawl along the fringes of this dual carriage also
contributes greatly to the loss of natural vegetation
that must be checked and controlled. The results of
the present study show that current tree stands
along the motorway act as storehouse of carbon by
stocking carbon in their tissues, thereby lowering the
levels of atmospheric greenhouse gases. The varia-
tion in the biomass and among the younger and
small sized trees sampled is due to differences in
their age structure, species composition, storage
potential, stage of development and site characteris-
tics of the supporting soils. The practice for removal
of urban vegetation for various land use and devel-
opmental activities at any given time is a continuous
disturbance of biomass affecting the stability of
highway ecosystems. The study emphasizes that
when urban trees are young the standing carbon
stock is not substantial, however, the growth of 43
different tree species represents a potential increase
in biomass and hence productivity that is dependent
on the ability to maintain and conserve these tree re-
sources. Long-term permanent plot data are needed
to evaluate this important urban greenery growth,
its regeneration and mortality, to improve under-
standing on carbon emission reduction as part of cli-
mate change mitigation and adaptation research
along with producing other urban forest benefits.
Millions of metric tons of carbon currently stored by
urban green spaces is a strong argument for at least
maintaining the present urban tree structure.

There is a need for greater attention to be paid to
existing tree species such as Albizia lebback, Samanea
saman, and Khaya senegalensis along the motorway
and the other inventoried tree species due to their
ability to sequester and store reasonable amounts of
carbon. The Ghana Highway Authority (GHA) and
other relevant authorities should ensure that exces-



1040

sive logging of trees along the motorway is mini-
mized and properly managed as well as protected.
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