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Abstract

This study examines vegetation, carbon sequestration, and spatial and temporal changes of green space at the premises of the Open
University of Sri Lanka (OUSL). The primary objective of this study is to examine floral diversity of the OUSL premises that was reha-
bilitated from a landfill site and to determine suitable trees for landfill sites based on growth performance and biomass carbon stocks.
The girth and height of plants P5 cm dbh were measured to estimate biomass carbon stocks of each individual tree. GPS coordinates of
each individual tree were taken for spatial mapping. Urban green spaces were extracted from Satellite view of Google Earth for a decade
using screen digitizing techniques. A total of 722 individuals, comprising 95 plant species belonging to 75 genera and 33 families, were
recorded. Of the total species 45% were native species. The above-ground and below-ground biomass were estimated to be 50 (t C/ha)
and 10 (t C/ha) respectively. These results are comparable with above-ground biomass and below-ground biomass in the dry zone forest
(60 and 17 (t C/ha) respectively). The study recognized that Terminalia catappa, Filicium decipiens,Mangifera indica, Cassia bacillaris and
Tabebuia rosea species grow well in such landfill with effective carbon accumulation, and the species list presented in this paper will pro-
vide useful information that will help city planners to maximize biomass carbon sequestration by choosing optimal plants for landscap-
ing in landfill sites.
� 2016 The Gulf Organisation for Research and Development. Production and hosting by Elsevier B.V.
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1. Introduction

Urban cities are becoming more vibrant, due to central-
ization of social and economic endeavors. Consequently,
natural habitats, such as wetlands, are utilized for infras-
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tructure development by creating landfills in suburban
areas. Although this transformation is inevitable, urban
forests and green infrastructures make cities cleaner and
healthier, raise the standard of the environment and
improve esthetic beauty. Green spaces provide ecological
services, such as ambient water quality improvement, by
filtering urban water runoff, building energy conservation,
and air pollution and greenhouse gas reduction (Nowak
and Greenfield, 2012). It is predicted that more than 80%
of the world’s urban population will be gathered in
developing countries by 2030 (Beardsley et al., 2009). In
duction and hosting by Elsevier B.V.
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fact, a small island in the south Asian region, namely Sri
Lanka, harbored 20.3 million people in 2012 within a land
area of 65,610 km2 (UNDP, 2012). The population density
in large cities in Sri Lanka is comparatively higher than in
rural areas. The population density in the Colombo Dis-
trict was 3438 persons/km2 in 2012, while it was 771 per-
sons/km2 in the Kalutara District, and both districts were
located within the Western Province of Sri Lanka
(Department of Census and Statistics in Sri Lanka,
2012a). A tremendous increase in population was observed
in Colombo City, especially in the 20th Century. This pop-
ulation growth is mainly due to human migration to the
capital from rural areas (RMIT University, 2014). In addi-
tion, a large number of people who reside outside the city
travel from their residences to Colombo on a daily basis
for work and to access services such as health, education,
etc. It has been estimated that the daytime population in
Colombo is more than twice the number of permanent res-
idents (RMIT University, 2014).

Colombo, the lowland coastal capital city of Sri Lanka
has been recognized as the most polluted city in Sri Lanka
(Liyanage, 2003; Senanayake et al., 2013). The urban
sprawl in Colombo City has led to an increase in landfills
in the lowland marsh areas, resulting in seasonal flooding.
Changes in water level have caused retention of pollutants
in the marsh resulting in invasion of exotic aquatic plants
such as, Annona glabra and Eichchornia crassipes. Conse-
quently, marshes were considered as wastelands due to
abundance of aquatic invasive plants, which resulted in
reclamation of marsh through landfill in the urban cities.
This transformation has caused dumping of industrial
and domestic wastes (e.g. paper, plastics, rags, organic
materials and sewage) into swamps, as landfilling materials
in Colombo and its suburbs. This practice causes environ-
mental consequences, such as ground water pollution due
to toxic substances, such as, mercury, arsenic, cadmium,
PVC, solvents, acids and lead (CEA, 1994; McLean and
Bledsoe, 1992). In addition, emission of potent greenhouse
gases (e.g. methane and nitrous oxide) is higher in newly
filled marsh areas.

The urban planning of Colombo City is now being inte-
grated with sustainable green space planning resulting in
the beautification project of Colombo City after 30 years
of civil conflict. This project aims to improve environmen-
tal quality of the city, while making better quality and liv-
ing standards of urban dwellers. According to the findings
of Senanayake et al. (2013), green space accounted for 24%
of the Colombo Municipal Council area. The green urban
space in Colombo City is comparatively higher than the
green urban space in European Cities (Baycan-Levent
et al., 2009). Nevertheless, a gradual declining trend of
green cover in Colombo City was highlighted as 35.7%,
32.2%, 31.5% and 22.2% in 1956, 1982, 2001 and 2010
respectively (Wickramasinghe et al., 2013). A top down
approach adopted by Madurapperuma &
Kuruppuarachchi (2015a) to estimate the green cover in
Colombo City in 2015 was 29% green space, which resulted
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in an increment of green space estimated by Senanayake
et al. (2013) and Wickramasinghe et al. (2013) (i.e. 24%
and 22% respectively).

It is questionable whether Sri Lankan urban landscape
expertise would have practiced any scientific criteria to
select trees for planting urban systems. Even we could
not find any type of tree planting history records or data
management systems available in responsible authorities
such as, Urban Planning Authority of Sri Lanka. Placing
plants in most suitable locations allow them to establish
better, and facilitates optimum biological and ecological
functioning. When introducing plants for urban develop-
ment, it primarily concerns the growth rate of species with
less priority for important factors, such as habitat, climatic
zone in which the plant originated, preferred soil condi-
tions, light preference, plant height, branching pattern,
stem type, trunk shape, bark roughness, canopy size and
shapes, nature of thorns, root distribution and depth,
flower type, fruiting, leaf size, deciduous /evergreen nature,
and economic and ecological uses (Silva et al., 2012).
Therefore, it needs to consider multiple factors simultane-
ously and decision makers need to have sufficient multidis-
ciplinary knowledge. Selecting suitable plants for
appropriate locations is one key aspect in landscaping pro-
jects, where most landscape designers fail to tackle (Silva
et al., 2012).

Our study site is located in the central campus of the
Open University of Sri Lanka (OUSL), which is in proxim-
ity to the southeast boundary of Colombo City. OUSL was
built in 1980 from a landfill marsh site (nearly 38 ha),
which was characterized by a low-lying polluted water run-
off site that was inundated with a high flood water from
‘‘Diyawanna Oya” (Kotte Canal or Kirulapane Canal), a
man-made water canal made during the colonial era. The
canal system, which is in and around Colombo-Sri
Jayewardenepura area, is currently in such an environmen-
tally deteriorated condition, due to rapid development and
urbanization of the area. The quality of water and habitat
in most of the areas are influenced by industrial and public
effluent discharge to the canal system (Perera et al., 2012).
In rainy seasons, this area is subject to the inundation with
canal water, due to high water level of the canal. During
short dry spells more, the study site [(i.e. February to early
April)] is subjected to sudden dry offs. The study site is rec-
ognized as bog and half bog soils, which are characterized
by high soil pH, low soil organic carbon and high moisture
content in soil resulting in the fluctuation of water reten-
tion capacity. In addition, some of the gaseous and metallic
constituents in the soil inhibit plant growth.

Landscape management was conducted by tree-planting
programs at the OUSL premises during 1984, 1990, 2000
and 2008. In the beginning, a selection of tree species for
rehabilitation of the landfill site was carried out without
adequate scientific basis. However, in the latter stage, suit-
able tree species for the OUSL premises were recom-
mended by the Department of Botany at OUSL. When
selecting tree species for the OUSL landfill site, two main
.A.J.M. Rehabilitating a landfill site of lowland tropical landscape into an
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criteria were considered: (i) native tree species with high
recreational and ethnobotanical values, and (ii) wide eco-
logical range to tolerate unsuitable environmental condi-
tions such as water logging. Besides trees grown in the
dry zone i.e. Terminalia chebula, Terminalia bellirica and
Phyllanthus emblica were also planted, since they grow in
harsh environmental conditions, such as five-month dry
spells and poor soil conditions.

The tree seedlings were allowed to grow naturally, with-
out silvicultural management, and some trees suffered from
dieback (e.g. Leucaena leucocephala andMesua ferrea), due
to the root systems penetrating the polluted water. The spe-
cies that can tolerate water logging conditions survived and
was thus established on the site. The majority of the trees
planted on this landfill site have adapted to waterlog con-
ditions. Gaps created from dieback of the planted trees,
which were susceptible to polluted water, were replaced
with suitable tree species.

Furthermore, natural regeneration of trees also occurred
on the site i.e., Terminalia catappa. This study examines the
contribution made by species to the biomass carbon stock
of the OUSL landfill site, thereby providing a strategy for
selection of suitable tree species for rehabilitation of landfill
sites in urban ecosystems. Moreover, this study compares
the historic green cover change in the OUSL during the
growing season and after the tree planting. The objectives
of the study are: (i) to examine floral diversity of the OUSL
landfill site, (ii) to recognize suitable trees based on their
growth performance to introduce for planting at landfills
and (iii) to conduct spatial mapping of the distribution of
suitable tree species in the OUSL premises.
2. Materials and methods

2.1. Vegetation survey

The OUSL master ground plan, which was divided into
seven blocks, was used as sub-sampling units to enumerate
plants (Fig. 1). Individual trees with a diameter at breast
height (dbh) of P5 cm were recorded and identified using
the Hand Book to the Flora of Ceylon (Dassanayake and
Fosberg, 1980–1991; Dassanayake et al., 1994–1995;
Dassanayake and Clayton, 1996–2000) and field guides
(For example, Ashton et al., 1997). The height of trees
was estimated by a Gun Clinometer based on basic
trigonometric functions of an angle. Vegetation character-
istics such as density, basal area, and the important value
index (IVI) of all trees were calculated using the following
equations:

Density ¼ Total number of individual species

=Total sampled area ð1Þ
Frequency¼Number of sampled areas where species occurred

=number of total sampled areas ð2Þ

Basal area ¼ PðDiameter=2Þ2 ð3Þ
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The parameters assessed for the purpose were density,
frequency, and dominance, while importance value index
(IVI) was calculated as (Tauseef et al., 2012; Dangol and
Shivakoti, 2001):

IVI ¼ Relative density þRelative frequency

þRelative dominanceðBasal AreaÞ ð4Þ
Percentage relative frequency for a species is the total

frequency of occurrence for that species divided by the
number of total sampled areas and multiplied by hundred.

Percentage relative density for a species is the total den-
sities for that species divided by the sum of densities of all
species and multiplied by hundred.

Percentage relative basal area for a species is the total
basal area for that species divided by the sum of basal areas
of all species and multiplied by hundred.

The tree biomass is most precisely estimated by the cut-
ting and weighing of all dry portions of a tree or
sub-sampling. When it is impossible to use this method,
biomass is estimated from internationally accepted reliable
biomass regression equations (Anderson and Ingram,
1998). The parameters, such as, tree diameter and height
of tree, were adapted to regression equations. The regres-
sion equations rely on rainfall regimes (i.e., dry
<1500 mm, moist 1500–4000 mm and wet >4000 mm of
average annual rainfall).

Above-ground/below-ground biomass and carbon stock
were calculated by diameter at breast height (dbh), using
standard biomass equations (Brown et al., 1989;
Anderson and Ingram, 1998). The Above-ground biomass
for moist areas with annual rainfall 1500–4000 mm was cal-
culated using Eq. (4) to demonstrate the accuracy of bio-
mass equation:

B ¼ expf�2:134þ 2:530� lnðDÞg ð5Þ
where B and D are biomass and dbh, respectively.

According to the Intergovernmental Panel on Climate
Change (IPCC) guidelines for national greenhouse gas
inventories (IPCC, 2006), above-ground C stock of tropical
forests was calculated as: biomass � 0.49 (Hughes et al.,
2000). The above-ground to below-ground biomass ratio,
and hence its C ratio for tropical areas (annual rainfall
>2000 mm), was found to be 0.2 (Fittkau and Klinge,
1973; Mokany et al., 2006). Therefore, the below-ground
biomass or C content is calculated as: above-ground bio-
mass or C � 0.2.
3. Results and discussion

A total of 95 plant species, belonging to 75 genera and
33 families, were reported at the OUSL premises. They
include 722 individual plants, comprised of 89 tree species
and 6 shrub species. Of the recorded species, 43 are native
and 52 are exotic (Tables 1 and 2). There are three endemic
species namely, Artocarpus nobilis, M. ferrea, and Diptero-

carpus zeylanicus. In addition, 43 species are medicinally
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Figure 1. Location map of the Open University of Sri Lanka in Colombo City that shows seven selected blocks and buildings.
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important, and 16 species have timber value. T. catappa is
the most abundant species (66 individuals IVI = 23.1) fol-
lowed by Filicium decipiens (63 individuals, IVI = 18.8)
and Mangifera indica (57 individuals, IVI = 17.9). Girth
class distribution of the ten dominant species is given in
Fig. 2. T. catappa which shows a higher proportion of
individuals in the upper girth classes (i.e. 100–150 cm and
150–200 cm). The proportion of individuals of medium
girth size (50–150 cm) is high for F. decipiens. In contrast,
M. indica shows a high proportion of individuals for lower
and upper girth classes.

We compared the floristic composition of parks, ceme-
teries, and roadsides of the Colombo City. For example,
Viharamahadevi Park in Colombo City has recorded
1194 individuals comprised of 89 plant species belonging
to 69 genera and 32 families with 42 exotic species
(Madurapperuma and Kuruppuarachchi, 2015b). The lar-
gest contribution for crown cover in the park premises is
being given by Tabebuia rosea (2.4%), T. catappa (2.2%),
Cassia fistula (2.1%), M. indica (2.0%) and Terminalia

arjuna (2.0%). Even though the OUSL premises (38 ha) is
smaller than the Viharamahadevi Park (50 ha), it has a lar-
ger species richness than the park. However, exotic species
richness is slightly high in the OUSL premises than the
park. The floristic survey of Borella Cemetery in Colombo
City (Kuruppuarachchi and Madurapperuma, 2016)
reported 748 individuals belonging to 58 species, 50 genera
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and 25 families. The largest contribution for the green
space is given by Peltophorum pterocarpum (19.6%), T.
arjuna (8.8%), F. decipiens (7.9%), Delonix regia (6.9%)
and Ficus benghalensis (5.5%). It was recognized that the
most frequent trees along the roadside were T. catappa,
Polyalthia longifolia, Samanea saman, D. regia, C. fistula
and Plumeria species (Sornalingam and Ranasinghe,
2002). In addition, the Environmental screening report
for the Galle road (2012) recognized mainly existing promi-
nent plant species as roadside trees in Galle road at
Colombo City as T. catappa, Ficus religiosa, M. indica,
Pongamia pinnata, Plumeria spp., and Barringtonia asiat-

ica. The most abundant trees at the Town Hall square of
Colombo City were Ficus spp., Adenanthera pavonina, M.
ferrea, T. catappa, S. saman, C. fistula and Artocarpus

heterophyllus (Environmental screening report for model
zone development of Town Hall Square, 2011). According
to the above facts, the existing abundant trees in OUSL
premises are similar with other landscapes in Colombo.
For example, T. catappa is abundant along roads, cemetery
and town hall, while F. decipiens and M. indica are abun-
dant at cemeteries, and roads and parks respectively
(Madurapperuma and Kuruppuarachchi, 2015b;
Sornalingam and Ranasinghe, 2002; Kuruppuarachchi
and Madurapperuma, 2016). We observed a trend of natu-
ral invasion of parasitic species F. benghalensis into both
the cemetery and the park. Similarly, Ranwala (2012)
.A.J.M. Rehabilitating a landfill site of lowland tropical landscape into an
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Table 1
Families with species richness and dominance inside the premises of Open University of Sri Lanka.

Plant families Species richness No. of individuals Dominant species with number of individuals

Fabaceae 17 146 Acacia melanoxylon (42)
Rutaceae 9 12 Chloroxylon swietenia (2), Citrus aurantifolia (2)
Moraceae 6 86 Artocarpus nobilis (25), A. heterophyllus (24)
Apocynaceae 6 28 Acokanthera oppositifolia (14)
Myrtaceae 6 17 Psidium guajava (9)
Euphorbiaceae 5 18 Phyllanthus emblica (8)
Combretaceae 4 75 Terminalia catappa (66)
Anacardiaceae 4 63 Mangifera indica (57)
Arecaceae 4 32 Cocos nucifera (16)
Sapindaceae 3 67 Filicium decipiens (63)
Meliaceae 3 36 Swietenia macrophylla (24)
Clusiaceae 2 15 Mesua ferrea (13)
Rubiaceae 2 15 Morinda citrifolia (9)
Sapotaceae 2 12 Madhuca longifolia (11)
Lecythidaceae 2 6 Barringtonia asiatica (5)
Verbenaceae 2 5 Tectona grandis (4)
Annonaceae 2 2 Annona reticulata (1), Polyalthia longifolia (1)
Bignoniaceae 1 23 Tabebuia rosea (23)
Casuarinaceae 1 16 Casuarina equisetifolia (16)
Moringaceae 1 9 Moringa oleifera (9)
Elaeocarpaceae 1 8 Elaeocarpus serratus (8)
Muntingiaceae 1 8 Muntingia calabura (8)
Cupressaceae 1 6 Cupressus sempervirens (6)
Dilleniaceae 1 3 Dillenia suffruticosa (3)
Lauraceae 1 3 Persea americana (3)
Dipterocarpaceae 1 2 Dipterocarpus zeylanicus (2)
Loganiaceae 1 2 Strychnos nux-vomica (2)
Rhizophoraceae 1 2 Carallia brachiata (2)
Araucariaceae 1 1 Araucaria heterophylla (1)
Asparagaceae 1 1 Dracaena reflexa (1)
Rhamnaceae 1 1 Ziziphus mucronata (1)
Santalaceae 1 1 Santalum album (1)
Sterculiaceae 1 1 Sterculia balanghas (1)

Total spp./indi. 95 722
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Figure 2. Girth class distribution of ten leading plant species in terms of
their percent relative density inside the premises of the Open University of
Sri Lanka.
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reported that mainly very old exotic trees (>60 years) such
as, P. pterocarpum and S. saman in streets of Colombo City
were invaded by the said hemi-parasitic species. It is obvi-
ous that Ficus invasion along exotic species would change
the urban floristic nature of tropical cities like Colombo.
However, Ficus invasion is not recorded at OUSL promises
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yet due to young trees. In fact, it can be predicted that the
OUSL exotic flora can be affected by Ficus invasion in
future unless it is managed.

In Kuala Lumpur in tropical Malaysia a survey reported
a total of 2291 trees comprising 35 species and 16 families
from five major roads (Sreetheran et al., 2011). The survey
shows that 68.6% of the species were indigenous and 31.4%
were exotic species, reflecting the trend toward planting
more indigenous tree species in street planting. The abun-
dant street trees in Kuala Lumpur were Peltophorum indi-

cus (34%), P. pterocarpum (20%), and S. saman (18%),
which is similar to Sri Lanka.

Furthermore, the study reported about 76.21% of the
street trees that belong to the Fabaceae due to this family
being more hardy and resilient to harsh roadside environ-
ment and also due to the ability of fixing nitrogen. In addi-
tion, Tabebuia pallid has been planted widely in the city
because of its attractive and fast growing nature. It has a
spectacular display of flowers after a dry spell. This tree
is suitable to provide shade and color along streets. There
was no reliable information on the age or planting dates,
but overall the roadsides were dominated by mature trees
(96%) comprising P. indicus, S. saman, and P. pterocarpum.
.A.J.M. Rehabilitating a landfill site of lowland tropical landscape into an
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Table 2
Complete list of the surveyed trees with total carbon stocks and average C stock for the plant species inside the premises of OUSL.

Species English name Family Status No of Indi. Total C stock (kg) Average C stock (kg/tree) Age

Terminalia catappa Country almond Combretaceae I (Malaysia) 66 71,875 1089 ± 177 12–25
Filicium decipiens Sapindaceae N 63 38,380 609 ± 101 12–15
Mangifera indica Mango Anacardiaceae I (India) 57 45,840 790 ± 185 12–27
Acacia melanoxylon Australian blackwood Fabaceae I (Australia) 42 44,961 1046 ± 196 12–15
Artocarpus nobilis Moraceae Endemic 25 2423 93 ± 31 21–25
Swietenia macrophylla Honduran mahogany Meliaceae I (Trop. Amer.) 24 16,490 660 ± 215 12–21
Artocarpus heterophyllus Jak Moraceae I (India) 24 2338 97 ± 33 12–25
Tabebuia rosea Pink tabebuia Bignoniaceae I (S. Amer.) 23 82,144 2416 ± 543 21–25
Cassia bacillaris Fabaceae I (W. Ind.) 21 68,736 3273 ± 2490 10–25
Casuarina equisetifolia Beef wood Casuarinaceae I (Australia) 16 8338 490 ± 123 24–26
Cocos nucifera Coconut palm Arecaceae I (Unknown) 16 10,385 385 ± 65 21–25
Acokanthera oppositifolia Apocynaceae I (Trop. Africa) 14 2606 186 ± 25 11–12
Ficus racemosa Cluster fig Moraceae N 14 6782 484 ± 220 14–21
Leucaena leucocephala Ipil ipil Fabaceae I (C. Amer.) 14 32,237 2303 ± 766 12–25
Mesua ferrea Iron wood Clusiaceae Endemic 13 4517 347 ± 112 13–21
Ficus benjamina Moraceae I (India) 11 47,557 4323 ± 1445 12–21
Madhuca longifolia Mousey mi Sapotaceae N 11 6468 588 ± 413 21–25
Ficus benghalensis Banyan Moraceae I (India) 11 47,557 4323 ± 1445 21–25
Azadirachta indica Neem Meliaceae I (Burma) 10 2860 147 ± 105 14–25
Gliricidia sepium Fabaceae I (Centr. & S. Amer.) 9 3394 377 ± 176 12–25
Moringa oleifera Horse radish tree Moringaceae I (India) 9 6790 754 ± 594 18–21
Psidium guajava Guava Myrtaceae I (Trop. Amer.) 9 720 99 ± 45 12–25
Morinda citrifolia Rubiaceae N 9 6790 754 ± 594 12–25
Albizia lebbeck Lebbek Fabaceae I (India) 8 19,029 2379 ± 770 12–21
Elaeocarpus serratus Wild olive Elaeocarpaceae N 8 3611 451 ± 267 15–21
Muntingia calabura Strawberry Tree Muntingiaceae I Malaysia) 8 4482 560 ± 381 15–21
Roystonea regia Royal palm Arecaceae I (Cuba) 8 4334 542 ± 95 12–13
Phyllanthus emblica Euphorbiaceae N 8 2063 258 ± 104 7–21
Delonix regia Flame-tree Fabaceae I (Madagascar) 7 34,975 4996 ± 2676 21–25
Sesbania grandiflora Fabaceae I Malaysia) 7 971 139 ± 71 12–13
Cassia fistula Indian laburnum Fabaceae N 7 3519 503 ± 353 21–25
Pithecellobium dulce Madras thorn Fabaceae I (Centr. & S. Amer.) 7 31,048 4435 ± 2082 21–25
Areca catechu Aareca-nut Arecaceae I (Indo-Malaya) 6 288 179 ± 42 21–25
Bauhinia variegata Mountain ebony Fabaceae I (East Asia) 6 1383 231 ± 145 12–25
Cupressus sempervirens Mediterranean cypress Cupressaceae I (Unknown) 6 648 108 ± 13 12–15
Gaertnera vaginans Rubiaceae N 6 119 20 ± 4 12–25
Plumeria obtusa Temple tree Apocynaceae I (Caribbean) 6 1805 301 ± 72 12–13
Barringtonia asiatica Lecythidaceae N 5 9023 1805 ± 1059 12–13
Pongamia pinnata Indian beech Fabaceae N 5 6918 1384 ± 209 12–13
Bridelia retusa Euphorbiaceae N 5 4229 846 ± 538 20–21
Tectona grandis Teak Verbenaceae I (India) 4 5356 1071 ± 414 16–27
Cerbera odollam Apocynaceae N 4 7673 1918 ± 1192 21–25
Terminalia arjuna Combretaceae N 4 9308 2327 ± 1581 20–21
Cassia auriculata Fabaceae N 3 1069 356 ± 140 14–21
Dillenia suffruticosa Dilleniaceae I (India) 3 569 190 ± 126 12–13
Euphorbia tirucalli Milk hedge Euphorbiaceae I (Trop. Africa) 3 338 141 ± 40 23–25
Lannea coromandelica Anacardiaceae N 3 2313 771 ± 384 21–25
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Nephelium lappaceum Rambutan Sapindaceae I (Malaysia) 3 27 9 ± 3 21–25
Persea americana Avocado Lauraceae I (S. & C. Amer.) 3 5885 1962 ± 1010 21–25
Syzygium jambos Rose apple Myrtaceae I (Malaysia) 3 1000 333 ± 221 20–21
Bauhinia purpurea Butterfly tree Fabaceae N 3 199 66 ± 27 12–20
Peltophorum pterocarpum Yellow flame tree Fabaceae N 3 1063 354 ± 285 12–13
Terminalia bellirica Myrabalans Combretaceae N 3 355 118 ± 133 16–21
Terminalia chebula Gall-nut Combretaceae N 2 713 357 ± 73 16–21
Adenanthera pavonina Fabaceae I (India) 2 902 451 ± 10 13–21
Alstonia scholaris Apocynaceae N 2 357 179 ± 42 13–21
Carallia brachiata Rhizophoraceae N 2 718 359 ± 8 16–21
Anacardium occidentale Cashew nut Anacardiaceae I (Trop. Amer.) 2 198 99 ± 10 20–21
Calophyllum inophyllum Alexandrian laurel Clusiaceae N 2 563 281 ± 267 21
Caryota urens Fish-tail palm Arecaceae N 2 743 371 ± 271 21
Chloroxylon swietenia Satinwood Rutaceae N 2 5978 2989 ± 2752 21
Chukrasia tabularis Chittagong wood Meliaceae N 2 424 212 ± 185 21
Citrus aurantifolia True lime Rutaceae I (India) 2 13 7 ± 2 21
Citrus grandis True pomelo Rutaceae I (Malaysia) 2 59 30 ± 14 21
Dipterocarpus zeylanicus Dipterocarpaceae Endemic 2 168 84 ± 53 21
Strychnos nux-vomica Strychnine tree Loganiaceae N 2 4783 2392 ± 2059 17
Syzygium samarangense Java apple Myrtaceae I (Malaysia) 2 815 407 ± 307 25
Barringtonia racemosa Lecythidaceae N 1 5349 25
Ficus microcarpa Moraceae N 1 2744 25
Limonia acidissima Wood-apple Rutaceae N 1 1572 25
Cerbera manghas Apocynaceae I (India) 1 1251 25
Polyalthia longifolia Annonaceae N 1 1097 22
Peltophorum africanum African wattle Fabaceae I (Trop. Africa) 1 977 20
Annona reticulata Custard apple Annonaceae I (W. Ind.) 1 574 20
Cleistocalyx nervosum Myrtaceae N 1 574 21
Dracaena reflexa Pleomele Asparagaceae I (India) 1 574 19
Aegle marmelos Bael fruit Rutaceae N 1 561 19
Manilkara hexandra Sapotaceae N 1 310 21
Psidium cattleyanum Myrtaceae I (S. Amer.) 1 199 19
Ziziphus mucronata Buffalo thorn Rhamnaceae I (Trop. Africa) 1 137 16
Schleichera oleosa Sapindaceae N 1 132 16
Sterculia balanghas Sterculiaceae N 1 115 18
Macaranga peltata Euphorbiaceae N 1 101 16
Phyllanthus acidus Euphorbiaceae I (India) 1 97 16
Spondias pinnata Hog plum Anacardiaceae N 1 93 14
Callistemon viminalis Bottlebrushes Myrtaceae I (Australia) 1 69 18
Araucaria heterophylla Araucariaceae I (Australia) 1 65 20
Vitex trifolia Verbenaceae N 1 65 25
Anodendron paniculatum Apocynaceae I (India) 1 52 18
Citrus reticulata Mandarin Rutaceae I (Malaysia) 1 43 17
Citrus maxima Pomello Rutaceae I (Malaysia) 1 29 16
Murraya koenigii Curry leaf Rutaceae N 1 29 12
Tamarindus indica Tamarind Fabaceae I (Trop. Africa) 1 25 16
Santalum album Sandalwood Santalaceae I (India) 1 13 12
Citrus sinensis Orange Rutaceae N 1 8 22

Summary: Total Families N & I Indi. Total C
95 spp. & 75 genera 33 N = 43; I = 52 722 757 Tonnes
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Figure 3. Map showing the vertical distribution of ten leading species at the Open University of Sri Lanka. Species heights are represented by proportional
symbols using differently colored dots on a 2D map. (a) Distribution of Acacia melanoxylon and Casuarina equisetifolia (b) Cocos nucifera and Terminalia

catappa (c) Filicium decipiens and Mangifera indica (d) Artocarpus heterophyllus and Cassia bacillaris (e) Tabebuia rosea and Swietenia macrophylla.
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In 2011 Kjelgren et al. (2011) described that S. saman, C.
fistula, P. pterocarpum, P. indicus, and T. rosea were com-
mon in the urban setups in Bangkok, Thailand, Bangalore,
India as well as Sri Lanka. The review on the floristic com-
Please cite this article in press as: Madurapperuma, B.D., Kuruppuarachchi, K
urban green space: A case study from the Open University of Sri Lanka. Inte
org/10.1016/j.ijsbe.2016.09.001
position of different urban landscapes in Colombo recog-
nized that the most frequent tree species planted are
T. catappa, S. saman, C. fistula, M. indica, T. arjuna and
Peltophorum species.
.A.J.M. Rehabilitating a landfill site of lowland tropical landscape into an
rnational Journal of Sustainable Built Environment (2016), http://dx.doi.
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Figure 4. Historic changes in green urban infrastructure in the Open
University premises from 2004 to 2013.
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In addition to the floristic nature, the determination of
biomass carbon accumulation of each species is very
important in the future to mitigate global warming. There
is a huge knowledge gap on Carbon accumulation of urban
trees. The total tree planted area in the OUSL is 12 ha,
which contributes 1481 tonnes of biomass and 757 tonnes
of C stock. Furthermore, the above-ground biomass and
the below-ground biomass are estimated at 50 t C/ha and
10 t C/ha respectively. However, the findings on the con-
centration of above-ground and below-ground biomass
for OUSL premises are in close proximity to the dry zone
forest above-ground and below-ground biomass (60 and
17 t C/ha respectively) rather than the wet zone forest
above-ground and below-ground biomass (201 and
48 t C/ha respectively). This shows that the rehabilitated
marsh land (OUSL premises) can still increase biomass car-
bon sequestration ability if more trees of high carbon stock
sequestration are planted.

Of the recorded species, T. rosea, T. catappa, and Cassia

bacillaris are the highest recorded carbon sequestrated spe-
cies in terms of density (Table 2). However, D. regia and F.
benjamina are also recorded as high carbon sequestrated
species on the basis of average c stock per tree. These spe-
cies of trees are fast growing and extremely large; thus, they
contribute more biomass carbon than other tree species.
Despite the high carbon sequestration potential, the Ficus

species are not recommended as street plants, since they
spread and negatively affect other planted trees, roads,
street pavements and buildings. Sugathapala and
Jayathilake (2012) studied the green area ratio in Colombo
City, and they estimated the annual carbon sequestration
of six selected trees. They reported that Mahogany (Swiete-
nia macrophylla) and Kottamba (T. catappa) have seques-
trated 20 kg of carbon per year. Our study shows that T.
catappa and S. macrophylla are the 1st and 6th dominant
species on OUSL premises (Table 2 and Fig. 2), and hence
contribute high carbon sequestration annually. Density-
wise C. bacillaris and T. rosea are also the next highest
recorded carbon sequestrated species.

Vertical distribution profiles of the ten leading species
are given in Fig. 3. Acacia melanoxylon and Casuarina
equisetifolia show a clumped distribution at opposite ends
of the OUSL area, while T. catappa,M. indica and F. decip-
Please cite this article in press as: Madurapperuma, B.D., Kuruppuarachchi, K
urban green space: A case study from the Open University of Sri Lanka. Inte
org/10.1016/j.ijsbe.2016.09.001
iens show a random distribution across the OUSL land-
scape. A. melanoxylon and C. equisetifolia are exotic
trees, and therefore natural regeneration of those species
is limited. This clump distribution is restricted to their
planted locations. In contrast, T. catappa and M. indica
are distributed widely within OUSL since the propagules
disperse through water and animals respectively.

There should be some characteristics considered when
selecting tropical trees in an urban set up i.e., minimum
danger of falling branches or getting uprooted due to high
winds and rain. Most of the selected trees in tropical coun-
ties (e.g. Legumes) are recognized as fast growing; hence
trees have weak branches when matured. On the other
hand slow growing species are stronger when they mature.
Fast growing species, such as Pterocarpus indicus and
Peltophorum indicus are selected as street trees or park
trees, they need regular pruning. But developing counties
like Sri Lanka do not have the funds to maintain these trees
properly hence moderate or slow growth trees can be rec-
ommended. Large palms like coconut should not be used
due to falling fronds damaging people as well as vehicles.
In addition, Species with overly highly spread root systems
(like most of the Ficus species) should not be planted in
urban setups because they may damage buildings, pave-
ments and drainage pipes. Hence, single trunk trees with
an upright form and a spreading canopy that have a long
life and non-suckering roots, make the best urban trees.

On streets or near buildings where there are power lines,
smaller trees should be planted so as not to interfere with
the power lines. These will not provide the same benefits
as shady trees, but flowering varieties may be chosen to
enhance the esthetic benefit. The low country wet zone of
Sri Lanka receives a high amount of rainfall. Therefore,
trees with deep roots are important to withstand loosely
bound soil. In addition, evergreen trees are rather beneficial
than deciduous trees because they are easily manageable
due to less amount of leaves falling and littering the
ground. Moreover, such trees provide natural beauty,
attraction of birds, animals and shade. Colombo City is
sprawling, resulting in a decreased green space. Thus, the
city had 35.7% green cover in 1956, and it was further
decreased to 22.2% by 2010 (Wickramasinghe et al.,
2013). We quantified the urban green space in the Open
University between 2004 and 2013 using Satellite views
from Google Earth (Fig. 4). The tree cover has increased
from 8% (3.1 ha) to 14% (5.2 ha) from 2004 to 2010, and
then there was a decrease of tree coverage from 2012 to
2013. We visually compare the Satellite views of images
between 2012 and 2013. We found that between 1 and 5
new buildings and inter university access roads have been
developed, which caused a decrease in vegetation.

Our ground-truth survey provides an overview of the
success of a landfill rehabilitation project, which uses
bottom-up approaches. We identified suitable trees with
high biomass carbon stocks that can be used for street tree
planting and landscaping at the urban space. Therefore,
our results are useful for city planners to implement
.A.J.M. Rehabilitating a landfill site of lowland tropical landscape into an
rnational Journal of Sustainable Built Environment (2016), http://dx.doi.
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strategic plans to increase the green cover in Colombo City,
in collaboration with city dwellers.
4. Conclusions

Even though the mitigation of landfills in the Colombo
City is inevitable, an increasing urban green space at the
rehabilitating landfill sites is useful. However, the knowl-
edge on species suitability for rehabilitating landfills is lim-
ited. Therefore, the present study gauges, which trees are
suitable for landfills in terms of phytosociological and bio-
mass carbon characteristics. It can be concluded that the
adoption of proper silvicultural practices on landfills will
minimize the negative influence of land filling and may
increase the habitats’ formation as well as biomass carbon
sequestration ability. The study recognized that T. catappa,
F. decipiens, M. indica, C. bacillaris and T. rosea species
grow well in such landfills with effective Carbon accumula-
tion, and hence can be recommended for future silvicul-
tural practices for rehabilitation.
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