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Abstract
Urban parks and road greening are important components of primary gardens, and their plant
communities are based on the ecology of different management and operation modes. Urban greening
is the link connecting the city segment isolation green space, good road greening can not only achieve
the effect of greening, beautification, but also play a role in purifying the air, reducing noise, reducing
radiation heat, and protecting the road surface, to people’s travel and life to create a safe, pleasant,
comfortable, beautiful, and hygienic environment. In this paper, through the Karachi main road and
parks greening geo-spatial survey found that it contains 32 tree species, of which 4 species of naked
plants, quilt plants 28 species. Road green tree species have a low diameter level and are in their
infancy. The tree species of road greening in each district are mainly trees, and the important value of
trees is much higher than that of shrubs. The diversity index of green tree species in each district is low,
and a few tree species in each district account for more than 50% of all trees. By measuring the light
intensity, air temperature, relative humidity and wind speed of different road greening forms, the effects
of different road greening forms on small climate, environmental comfort and air flow are analyzed,
and the results show that the greening forms of roads with large vertical projection area on the road are
the most obvious in reducing light intensity, reducing air temperature, and increasing relative humidity.
Trees in the road vertical projection area of large road greening form so that the road environment
is in a comfortable situation throughout the day, conducive to human health. Trees in the road above
the vertical projection area of the road green form can better reduce the road near the surface
temperature, but trees in the road vertical projection area of small road greening.
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Introduction

The road green space is laid out regularly in
accordance with the basic principles of road green
space design, forming a content urban road green space.
An important part of the urban green space system, the
road green space system constitutes the city’s traffic
space, and also has ecological functions such as shading,
reducing life, generating oxygen, and retaining dust
[1-2]. Road greening is the process of greening roads by
using plants such as trees, bamboo shoots, herbs, and
climbing [3]. Because of the special urban geographical
environment where road green spaces are located, urban
road greening is affected differently by man-made roles.
The differences in the width and function of roads
in their own characteristics have led to the inevitable
differences in the composition and configuration of
road green plants, and the vast differences in the
landscape and ecological pictures of the road lead
to the year of greening. The research on urban roads
mainly focuses on smart features [4], plant growth
characteristics [5], road green coverage rate [6], plant
species composition, etc. Karachi is one of the major
garden cities and has abundant natural conditions for
road greening. Various researches have been conducted
on the development of road greening in Karachi. These
studies focused on the ecological functions of road
greening plants [7-9], overall effects [10], planting
patterns [11-12], community structure, etc., and from
the outside, the road plants can fix carbon and release
carbon. Oxygen, improving the environment, and
forming life materials in different seasons are unique.
The environment of plants affects the improvement
of human settlements. This article investigates the
main road greening tree species in the main urban
area of Karachi, and analyzes and compares different
road greening tree species. It provides a reference for
scientifically constructing the awareness of urban
path plant community, and realizing the protection
and construction of urban organisms [13-15]. The
quality of urban road environment greening directly
affects the people’s living standards [16]. At this
stage, people are paying more and more attention to
the greening of urban roads, and it has been further
improved.
1. Problems in road greening in small and medium-sized
cities
a. Road construction is out of touch with greening
construction, lack of unified planning and design
Under normal circumstances, greening projects
are started after road construction is completed. Road
construction often lacks consideration of future road
greening projects, which leads to inconsistent and
inconsistent road construction and road greening,
which brings a lot of greening work. The inconvenience
increases the engineering difficulty and cost of the
greening project [17]. For example, the road planning
did not leave enough green area for the green belt.
When the greening construction is completed, the

expected greening effect cannot be achieved, which is
neither beautiful nor practical.
b. The artistic and regional nature of the garden plant
landscape is not obvious enough
Currently, there are many problems in the road
greening construction in downtown Karachi. First,
the greening form is simple and the landscape style is
monotonous. The road tree pond is basically filled with
hard materials and the green area is small. At the same
time, the design of the street green belt is generally
a single green landscape, such as Shahraifaisal, Guru
mandar road etc. The landscape composition within
the scope is simple, the plant species are monotonous,
lacking a sense of hierarchy and artistic beauty. The
second is because the urban road garden plant landscape
is the embodiment of a city’s style and features, and it
should fully reflect the historical culture and unique
environmental geomorphology of the landscape
location. However, the road greening design of Karachi
City lacks consideration of its own cultural connotation
and local environment and geomorphology.
c. Lack of traffic safety considerations in road greening
design
According to the relevant standards and norms of
urban road greening, it can be found that the focus of
road greening design includes that the layout of greening
landscape should be reasonable, and the driver’s vision
should not be blocked; the greening design should be
scientific, so as not to affect the smoothness of the
road [18-19]. However, some designers lack practical
experience and experience. They only pay attention
to landscape greening when designing greening, and
do not consider road safety. There are loopholes or
mistakes in the road greening plan designed, which will
leave potential safety hazards for future road operations.
d. Investment in maintenance management in the later
stage, and insufficient consolidation of greening
achievements
Due to the limited cost of road maintenance, road
greening work lacks advanced maintenance equipment
and professional staff, the road greening effect is very
poor, the survival rate of vegetation is not high, lack
of vitality, and branches and leaves wither occur from
time to time [20]. Government departments should
pay attention to greening and maintenance work, so
that greening construction should be synchronized
with maintenance, and fully reflect the effect of road
greening.
2. Solutions for road greening
a. Make a systematic plan before construction
When designing a road greening plan, it is
necessary to comprehensively consider the distribution
of pipelines in the area where the road is located,
design a reasonable greening landscape layout plan,
and give full play to the effect of road greening [21].
For example, the root system of plants planted in areas
with pipelines in the green belt is not easy to be too
deep; in order to ensure the evergreen landscape of the
green landscape, you can choose evergreen trees of the
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conifers and cypresses as landscape trees; pay attention
to the spacing of the trees, so as not to be too dense
to affect plant growth; properly trim the branches and
leaves of trees so as not to affect the safety of traffic
and the routes in the area; in the green belt around the
island, vegetation with too tall plants should not be used
to avoid affecting the sight of passing drivers and avoid
traffic accidents [22].
b. Design concepts that highlight individuality,
characteristics, and diversity
Road landscape is the embodiment of urban style.
Karachi road greening landscape design should fully
excavate the well-known historical figures, historical
events or folk culture of Karachi City, and design a
batch of landscape designs with traditional culture
as the main theme, highlighting the cultural heritage
of Karachi. The road greening landscape is a full
response to the characteristics and individuality of the
city. Therefore, when choosing green vegetation, local
vegetation should be the mainstay, and local trees,
shrubs, flowers and grasses should be used to create a
green landscape with rich content, bright colors, distinct
layers and strong local characteristics.
c. Choose plants reasonably, pay attention to the
matching of layers and colors
The purpose of road greening design is to create
a composite natural landscape, which not only pays
attention to the color matching and hierarchical design
in the green landscape, but also pays attention to the
combination of landscape plant functions, and gives full
play to the ecological functions of green plants such as
dust reduction, clean air, cooling and noise reduction
[23]. Using artistic skills as the basis of landscape
matching, fully combining the respective characteristics
of different trees, shrubs, flowers and grasses, design a
green landscape that can highlight the characteristics
of plant colors, lines or shapes, and create urban road
greening designs that conform to the trend of the times[
24]. It presents unique artistic beauty throughout the
year.
d. Increasing the cost standard of plant maintenance in
the later stage, and consolidating the achievements
of road greening.
Plant growth is inseparable from careful
maintenance and irrigation. Therefore, the relevant
urban greening management departments should
appropriately increase the capital investment for road
greening maintenance to ensure the quality of road
greening work and effectively improve the spiritual
outlook of the city. With the continuous improvement
of people’s living standards, people have higher
requirements for the environment. As an important part
of urban infrastructure construction, the construction
of urban roads has also received much attention.
This study focuses on the analysis of the biodiversity
patterns along the roadside and highlights the changes
in the diversity patterns of plants. Therefore, this article
investigates the composition and configuration of plant
species along the main streets of the metropolitan city
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Karachi in Pakistan, which will help in improving the
quality of the diversity patterns and ecological impact
of the city.

Material and Methods
Study Area
We selected the metropolitan city Karachi, which
is the most populous city in Pakistan and the sixthlargest city in the world [25]. The reasons for selecting
this city are the continuous development of roads and
the implementation of new projects for underpasses
under bridges. This study highlights the significance of
diversity patterns for the government for planning the
roadside tree species. Karachi is located at 24o45’N to
25o37’N and 66o42’E to 67o34’E along the coast of the
Arabian Sea (Fig. 1) and it is eight meters above sea
level [26]. The difference in precipitation between the
driest month and the wettest month is 52 mm|2 inch.
The variation in temperatures throughout the year
is 10.7ºC|19.3ºF. The warmest month of the year is
June, with an average temperature of 30.2ºC|86.3ºF.
The lowest average temperatures in the year occur in
January, when it is around 19.5ºC|67.0ºF. The driest
month is April, with 0 mm|0.0 inch of rainfall. The
greatest amount of precipitation occurs in July, with an
average of 52 mm|2.0 inch (Fig. 2).

Data Collection
To examine the diversity pattern along the roads,
categories of roads are divided into wide (24 m or
wider), medium (12 m to 24 m wide) and narrow (less
than 12 m wide) roads. The large roads of Karachi are
known as the main roads and are bigger in scale than
other road types. The linking roads between these large
roads are medium roads.

Data Analysis
Species Diversity Data
To identify the species diversity in the plant
population, the plant species diversity index was used as
the most simple and succinct attribute, and the stability
index was used to assess ecosystem stability [27-28].
Biodiversity can be quantified in many ways, and there
are two major factors: richness (richness) and uniformity
(evenness). We used indices of species diversity from
Simpson and Pielou (1966). The computational formulas
are clarified below.
1. Richness of species (S) refers to the number of
species of trees in each systemic urban unit.
2. The Simpson Diversity Index (D) corresponds to
the possibility that two consecutive samples of
a population that belong to the same species derive
the corresponding number of individuals:
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Fig. 1. Location of towns in Karachi.

Fig. 2. Environmental Factors of Karachi.

Results
(1)
This reflects the probability that two individuals are
randomly selected from the same sample, and the two
individuals are from the same class. The value of N is
between 0 and 1, where 0 means unlimited diversity,
and 1 means no diversity; that is, the larger the D value,
the lower the diversity.
3. The Pielou evenness index (J) applies to the
distribution in a group or society of the number of
individuals:
(2)
The value of Pielou’s evenness lies between 0 (no
evenness) and 1 (complete evenness).

Along wide roads, where the average aboveground
biomass was 4.33 kg/m 2, much of the aboveground
biomass of trees per unit area was found. The lowest
tree biomass per unit area was 3.20 kg/m2 along narrow
roads. The second-lowest tree biomass per unit area
was 3.50 kg/m 2 along medium roads. Conocarpus
erectus had the largest number of trees and was
followed by Guaiacum officinale. The native species
Azadirachta indica had the largest number of trees,
followed by Ficus virens. Overall, 32 non-native and
44 native specimens were found. On all path types, nonnative species accounted for 79.16% and native species
accounted for 20.84% of the tree population. The nonnative Conocarpus erectus constituted 61.87% of the
total tree population, and it was followed by Guaiacum
officinale with 9.02%. The native Azadirachta indica
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Table 1. Frequency of roadside tree management variables per year.
Road types

Trimming

Fertilization

Cleaning

Watering

Wide

4.12±3.42

2.23±1.45

120.33±65.12

133.95±112.32

Medium

3.32±2.21

1.88±1.10

98.24±47.48

93.34±67.54

Narrow

1.23±1.01

0.82±0.41

28.53±21.67

32.57±22.65

Table 2. Mean value of PD, MPD and MNTD of three road types in Karachi.
Road types

Non-native PD

Native PD

Non-native
MPD

Native MPD

Non-native
MNTD

Native MNTD

Wide

1366.51±345.88

549.75±146.86

297.41±34.50

151.77±35.97

145.16±35.68

125.81±44.12

Medium

1086.57±265.88

463.59±122.36

195.57±29.29

134.08±35.59

127.01±28.77

120.40±34.63

Narrow

836.53±165.88

320.87±104.36

184.23±31.99

126.68±32.76

110.45±33.88

109.82±24.69

Note: PD – Faith’s phylogenetic diversity; MPD – phylogenetic mean pairwise distance; and MNTD – phylogenetic mean nearest
taxon distance

accounted for 8.51% of the entire tree population, and it
was followed by Ficus virens with 2.47%. The relative
distribution of the non-native species was greater than
that of the native species in the field under study. Wide
roads and medium roads have optimum maintenance
activities (Table 1 and Table 2).
A variety of creatures are precious treasures shared
by all mankind. Biodiversity provides abundant food,
medicine, fuel and other daily necessities as well as
a large number of industrial raw materials for the
survival and development of mankind. Biodiversity
maintains the ecological balance of nature and provides
good environmental conditions for human survival.
Biodiversity is an indispensable part of the ecosystem.
Biodiversity directly or indirectly brings many benefits
to mankind. For example, it provides us with raw
materials and also benefits our health. More than 60%
of the world’s population directly depends on plants to
obtain medicinal materials. In the past century, people
have transformed natural ecosystems into agricultural
land and made use of biodiversity, which has benefited
many. Although activities that lead to the loss of
biodiversity and changes in ecosystems have benefited
many people, the costs that society has to bear as a
result are often greater than all benefits.
The United Nations “Convention on Biological
Diversity” stated in a statement said that climate change
is expected to become one of the greatest threats to
biodiversity. A report issued by the United Nations
Climate Group in April 2007 stated that “if the global
average temperature rises by more than 1.5 to 2.5
degrees Celsius, then 20% to 30% of the animal and
plant species that have been assessed may face greater
challenges. The report also shows that in addition,
ecosystems will face more unbearable changes.
Recent climate changes, such as rising temperatures
in certain areas, have already had a significant impact
on biodiversity and ecosystems. Climate change affects

the distribution of species, the size of the population,
the time of reproduction or migration, and the frequency
of outbreaks of pests and diseases. It is estimated that
by 2050, climate change will cause the extinction of
many species living in certain areas. By the end of
this century, climate change and its effects may Will
become the culprit leading to the loss of biodiversity.
The effects of the natural ecology and environment
along the roadside construction also have a negative
impact [29]. The damage to the radiation and surface
soil along the line is one of the most significant and
intuitive effects [30]. The initial stage of roadside
construction will completely clear the resettlement
and topsoil within the land occupation boundary.
This is the most important stage of resettlement
and topsoil destruction, which will cause a large
amount of biomass loss and soil erosion along the
line. The large area of exposed ground formed by the
excavation of highway construction is not a difficulty
in the reconstruction and restoration of roadside
construction and will adversely affect the stability of
the regional ecosystem in the future [31-32]. The local
plants with parasites distributed along the highway are
characterized by good landscape integration, which
is of great significance for maintaining the stability
of the regional ecosystem. The topsoil along the road
is also a type of scarce, non-renewable, and important
ecological soil surface in nature [33-35]. The basic
resources of value, including the cultivated layer of
cultivated land; the surface layer and humus layer of
garden land, woodland, and grassland; and the content
of organic matter, microorganisms, and local seeds, are
most beneficial to the rapid restoration of soil fertility
and plant growth [36-37]. Radiation and topsoil along
the highway are an important part of the regional
ecosystem. Therefore, studying the characteristics of
plant species’ diversity patterns and soil environmental
quality along the highway is of great significance for
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roadside environmental protection and green highway
construction.

4.

Conclusion
Green plants are an important component of urban
roads, and their differences in species composition,
growth characteristics, and configuration forms have a
profound impact on the landscape value and ecological
value of urban roads. The frequency of road greening
tree species in Karachi is similar to that of other urban
road greening tree species in the northern subtropical
region. In terms of diversity index, the diversity index
of the greening tree species of the roads in the main
urban area of Karachi is different. This is due to the
different road widths, the commercial districts where
the roads are located, or the establishment of auxiliary
roads due to traffic requirements and other objective
reasons. The number of belt settings is different. For
example, elevated greening has limited plant growth
conditions due to its special layout, and the diversity
of fixed elevated greening plants will be different
from other regions due to the limited selection of
tree species. In addition, the species diversity of the
shrub layer is higher than that of the tree layer due to
the road greening configuration mode and the natural
morphology of trees and shrubs. For traffic convenience
and smoothness, trees are mostly used for street trees. In
addition, the tree canopy is large, and the growth space
left between trees is much larger than that of shrubs.
Therefore, the species diversity of the shrub layer is
higher than that of the tree layer in the road greening
design. In the composition of road greening tree species
in the main urban area of Karachi, shrub species are
more abundant than other species, and there are species
similarities between roads; in terms of diversity index,
there are many greening tree species between different
roads.
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