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Urbanization in Ethiopia is rapidly reducing green space and biodiversity, and
placing ecological stress on trees. Urban street trees (UST) can provide multiple
ecosystem services, but need to cope with challenging street ecology and future
climate risks. However, UST selection in Ethiopia is poor, and conventional trials
and modern breeding are costly and time consuming to apply in Ethiopia. The main
objective of the study was to identify potential UST species for two Ethiopian cities;
Addis Ababa, and Arba Minch, by studying interspecific differences in functional
traits. For the purpose, we created a database with list of 120 candidate UST
gathered from multi-stakeholder workshop, literature review, and senior experts
survey, and their ecological with their phenological and morphological features.
Then we filtered 25 potential UST through framework analysis considering eco-
morphological features of the trees. For the 25 species, we measured three types
of plant functional traits: conservative traits (leaf mass per area and leaf dry matter
content), acquisitive traits (leaf area, specific leaf area and leaf water content)
and drought tolerance traits (leaf turgor pressure loss point, and leaf succulence
index). Our results showed a strong trade-off between conservative and acquisitive
traits, particularly between leaf dry matter content (LDMC) and specific leaf area
(SLA) (r=-0.71), consistent with plant economic spectrum theory. Using PCA
analysis, we identified three groups of potential USTs (Type |, Il and IlI) that exhibit
different adaptation strategies, consistent with Grime's trait-based classification
of universal plant adaptation strategies (CSR). Compared to species with high
acquisitive traits (Type Il and Type lll), Type | species have high conservative
and drought-tolerant traits shows better adaptation to harsh road environments,
whereas Type Il and Type Il species may be more advantageous for urban parks
and other resource-rich components of urban ecology. We also found significant
variation in conservative, acquisitive and drought-tolerant traits among different
species, indicating their different adaptation strategies. Our research advances
the knowledge of plant adaptation in urban environments and provides a useful
method for UST selection.
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1 Introduction

The issue of increasing urbanization is a global challenge, with
African cities being among the fastest growing in the world (OECD/
SWAC, 2020). Currently, approximately 60 million people reside in
urban areas in East Africa, and this number is projected to increase to
around 0.42 billion by 2050 (Statista, 2023). In Ethiopia, the number
of people living in cities is currently 28 million, and this is projected
to increase to 43 million by 2037 (Worldometer, 2024). Metropolitan
cities in Ethiopia, such as Addis Ababa, Kombolcha, Arba Minch,
Adama, Bahir Dar, and Gondar, have undergone significant expansion
in recent years (Terfa et al, 2019). As a result, there have been
concerns about the impact of this expansion on the urban
environment, including the limitation of green spaces (Ayele and
Tarekegn, 2020), a reduction in biodiversity (Giineralp et al., 2018),
and the generation of pollutants, flooding, and other ecological
stresses (Kosa et al., 2017; Ochola, 2018). It is important to consider
the potential consequences of urban expansion and take measures to
mitigate any negative effects on the environment and local
communities. In urban infrastructure, it can be beneficial to
incorporate tree plantings along streets. Such trees have the potential
to help address issues related to temperature, air pollution, and
flooding (Salmond et al., 2016), while also providing site-specific and
recreational benefits through their unique seasonal qualities (Zhao
etal,, 2020). However, it is important to note that for trees to provide
these ecosystem services, they must be able to withstand the
challenging conditions of urban street environments. The selection of
the appropriate tree for the location and climate is therefore crucial,
as species selection is often linked to the tree’s long-term growth and
vitality; properties important for delivery of ability to provide larger
and healthier trees that can offer multiple ecosystem services (Pataki
et al, 2021). Recent research suggests that environmental stress,
particularly heat waves, droughts, and flooding, may intensify and
increase in the future in Ethiopian cities, especially Addis Ababa
(Alemu and Dioha, 2020). Therefore, it is important that future urban
street trees in Ethiopian cities are able to cope with the challenging
street ecology and potential climate risks.

Therefore, to comprehend the adaptation strategies of tree species
to future climate risks and novel urban stresses are essential. As per
Niklas et al. (2023), evolution compels plants to specialize in unique
functional traits to thrive within their ecological niches. Consequently,
it is observed that species, which experience drought, tend to exhibit
certain characteristics, such as smaller and thicker leaves, greater stem
density, and elongated taproots. In contrast, those inhabiting resource-
rich and low-stress environments typically display different traits
(Asefa et al., 2017). This phenomenon creates a two-dimensional
spectrum of plant adaptation strategies (Joswig et al., 2022; Yang et al.,
2021). Response-effect trait theory, environmental filtering theory,
plant economic spectrum theory, and Grimes universal plant
adaptation (CSR) theory are some of the plant adaptation theories
based on functional traits (Pierce et al, 2017). The Grime’s CSR plant
adaptation strategy theory has interpreted as C stands for competitor
species, S stands for stress tolerances species, and R stands for ruderal
plant species (Pierce et al., 2017). Additionally, Miedema Brown and
Anand (2022) further classify traits into effect traits and response traits.

Response traits, such as leaf area (LA), specific leaf area (SLA),
leaf dry matter content (LDMC), and specific succulence (LSI), have
been found to be strongly associated with plant adaptation to specific
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stresses. Additionally, effect traits, such as carbon sequestration, have
been found to be associated with the provision of ecosystem services
(Miedema Brown and Anand, 2022). The plant economic-spectrum
theory is a two-dimensional plant adaptation theory that classifies
plant adaptation strategies as either acquisitive or conservative based
on the association of response functional traits to resource
availability (Pierce et al., 2013; Wright et al., 2004). Additionally,
Grime’s CSR plant adaptation strategy is aligned with this theory, as
it uses response leaf morphological traits to predict the CSR
percentage (Pierce et al., 2017). Response leaf morphological traits
are used to predict the CSR percentage, as demonstrated by Pierce
etal. (2017). Goud et al. (2023), suggest that species with acquisitive
traits in the plant economic spectrum are more likely to
be competitors, while those with conservative traits are more likely
to be stress-tolerators in CSR. Ruderal species, on the other hand,
serve as intermediaries between acquisition and conservation. The
concept of environmental filtering is considered to have superior
analytical ability in correlating specific traits, organism abundance/
distribution, and environmental variables/stressors (Asefa et al.,
2017), distinguishing it from other theories. This theory is used to
guide the selection of urban trees by matching environmental
stressors, such as climate variables, and/or edaphic properties, to
plant species and eco-morphological trait abundances (Sjoman et al.,
2012). According to the theory, it is suggested that environmental
stressors may influence plant eco-morphological features. This
implies that the organism’s existence and traits are subject to
environmental variables in a specific ecology or region (Asefa
etal., 2017).

The integrated view of CSR-plant adaptation strategy, plant
economic spectrum theory, and the effect response theory of plant
functional traits provide a complete version of plant-environment
interaction (Ruiz-Guerra et al., 2020). These theories are commonly
used to predict ecosystem service modeling, explain species
distribution models in their natural environments, understand plant
adaptation strategies, and species selection for ecosystem restoration
(Charles, 2018; Faucon et al., 2017; Pan et al,, 2020). It is also
increasingly discussed to understand the unique characteristics or
traits that different species have developed through evolution in their
natural habitats, to increase the accuracy of tree selection for urban
environments (Rodriguez-Santamaria et al., 2022; Sjoman et al., 2018;
Watkins et al., 2021). Watkins et al. (2021), led the way in applying the
above functional trait-based theories of plant adaptation to urban tree
selection. Their research showed that the majority of urban trees were
arranged along Grime’s stress tolerance axis. They concluded that
these trait-based theories could explain the differences in stress
adaptation among different urban tree types. They also presented
hypothetical trait-based models of urban trees in relation to the
ecological stressors they face in urban environments. This approach
could facilitate the identification of potential urban street trees (UST).

Urban street tree (UST) selection has not been studied in Ethiopia,
despite the potential benefits of advancing plant functional trait-based
theories in species selection. Therefore, in this study, we will advance
this field by (i) identifying potential native alternative USTs suitable
for stressful urban roads using eco-morphological traits, (ii) classifying
species into different functional groups using multivariate trait
analysis and CSR, the plant adaptation theory, and (iii) conducting
interspecific and intraspecific trait analysis in relation to adaptation
strategy to urban road stress. Due to the wide variation in climatic
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conditions in Ethiopia, we chose to work with two different cities,
Addis Ababa and Arba Minch.

2 Methodology
2.1 Study area description

This research addresses two Ethiopian cities, Addis Ababa and
Arba Minch, which are located in differing natural conditions about
climate, vegetation, and topography. Addis Ababa, Ethiopia’s capital
city, is located in the central highlands at 8° 57" 05” N to 9° 04" 10”
N and 38° 42’ 12" E to 38° 47" 09”. The city’s altitude ranges from
2,100 to 3,100 metres above sea level, with Dry, Evergreen
Afromontane Forest (DAF) vegetation (Heslop-Harrison, 2011).
Annual temperatures ranges from 9°C to 25°C (Alemu and Dioha,
2020), while the monthly rainfall ranges from 0 to 300 mm (National
Metrology Agency, 2023), and the average rainfall is about 1,213 mm
between 1984 to 2013, while it was about 1512.9 mm in 2023. Addis
Ababa, the capital city of Ethiopia, has a population of 5.3 million
people (Population Stat, 2023) and covers an area of 530km2
(Statista, 2019). The field data collection was conducted at Gullele
Botanical Garden, which is situated in North West of Addis Ababa.
Arba Minch is situated in the Great Rift Valley in Southern Ethiopia
at 6°02°07” North Latitude and 37°33'23” East Longitude. The
dominant vegetation types are Acacia-Comphora woodland and
bushland (ACB) (Heslop-Harrison, 2011). The city’s altitude ranges
from 1,200 to 1,400 meters above sea level, and has a warm climate
with temperatures ranging from 25° to 35° C. The annual rainfall is
approximately 932mm. Arba Minch City has an estimated
population of 100,000 people according to the Geography
department of the Arba Minch City Administration, which covers
an area of approximately 20 km?®. The filed data collection in Arba
Minch City was conducted in Arba Minch forest surrounding
the city.

2.2 Urban street tree selection process

We hosted a multi-stakeholder workshop (MSW) (Nielsen
et al., 2017) with participants from six different cities, and six
different universities, and research institutes. In the workshop,
we formulated two group of participants based on (i) their home
city, and the agro-ecology proximity their home city. For all the
groups, we asked to suggest 7-10 candidate urban street trees that
could deliver important ecosystem services such as cooling
services, storm water management, and climate regulation for the
two cities separately. We have also asked senior experts to suggest
candidate UST using electronic email from different institutions
for the two cities. In Addition, we also searched native urban trees
grown in the cities and sister cities from the literatures. Then,
we have created a dataset containing a list of 120 candidate UST
by combining the list of species from all sources in which 80 of the
species are for Addis Ababa and 40 of the species are for Arba
Minch. The species were characterized based on their ecological
and morphological features (eco-morphological features), and to
some extent their phenological features. This was done using
botanical books (Bekele, 2007; Friis et al., 2010), are published
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from a well know publishers, and acknowledged globally
distinguished research, and development institutions such as
ICRAF (World Agroforestry Research Center), and FAO. In
Addition, the books are important for their detailed information
to get a species level tree variables are most important to filter
most important species. In addition, ICRAF tropical species
database, World Flora Online, and JUSTRO Global Plant! for their
well-known recognition as species level plant information. Both
the books, and the
eco-morphological features used to filtered the potential USTs.

databases were used to extract
We considered morphological features such as maximum height,
DBH, and canopy diameter are important factors to evaluate the
tree faillurity risk as suggested by Jahani and Saffariha (2022a,b),
and ecosystem delivery potential (Hand et al., 2019). We also
extract ecological features including growth altitude range;
vegetation types them dominantly grown, life form, phenology,
and their interaction with other organisms are important for
practioners to understand ecological adaptation of the species. All
these information were used to filter the potential UST using
framework analysis (Goldsmith, 2021). The analysis framework
considered the eco-morphological features of trees, as well as
prioritized ecosystem services such as cooling; stormwater
management, and climate regulation, along with street plantation
requirements (see Figure Al in Appendix A). The morphological
features considered were maximum height, maximum diameter at
breast height (DBH), maximum crown width, crown shape, tree
life form, and spinelessness. These features are valuable for
optimizing plantation space, as recommended by several authors
(Dowtin et al., 2023). Similarly, ecological features such as natural
habitat conditions, growth altitude range, abundance to the local
area, vegetation type where they grow naturally, and
non-poisonousness were used as screening criteria in the
framework analysis. These are good indicators of adaptation and
ecosystem functioning (Behrens, 2010; Sjoman et al, 2012).
Additionally, we considered evergreen tree species as a potential
2017).
We considered tree species that are suitable for street greening

indicator of cooling services (Sastry and Barua,
components, such as walkways, cycle paths, median, and pocket
plantations. This resulted in a list of 25 potential urban street trees
(11 for Addis Ababa and 14 for Arba Minch). These trees are
evergreen or semi-evergreen, non-poisonous, and non-spiny
native alternative street trees. We excluded both dwarf, and giant
trees, while medium sized trees were included to optimize the
trade-off between the spaces limitation, and the ecosystem delivery
potentials. We there after evaluated the species based on their
functional traits (see Table 1).

2.3 Measurement of leaf and wood
functional traits

The street soil compaction, intensification of temperature and
water scarcity are the major challenges to grow trees in both Addis

1 https://apps.worldagroforestry.org/treedb/; www.worldfloraonline.org;

https://plants.jstor.org/
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TABLE 1 Tree species and the characteristics of potential urban street trees we screened for functional trait-based evaluation for Addis Ababa (AA) and
Arba Minch (AM).

Full name of the species Family Leaf lifespan Life form Growth altitude
AA Apodytes dimidiata Icacinaceae Evergreen Tree 1,350-2,600
Bersama abyssinica Melianthaceae Evergreen Tree 1700-2,700
Ekebergia capensis Meliaceae Evergreen Tree 1,600-3,000
Millettia ferruginea Fabaceae Evergreen Tree/shrub 1,000-2,500
Myrsine melanophloeos Myrsinaceae Evergreen Tree/shrub 1,000-2,500
Maesa laceolata Myrsinaceae Evergreen Tree/shrub 1,500-3,000
Nuxia congesta Loganiaceae Evergreen Tree/shrub 1700-3,200
Olea europeana subsp. Cuspidata Oleaeae Evergreen Tree 1,400-3,100
Olinia rochetiana A. Juss. Oliniaceae Evergreen Tree/shrub 1,200-3,500
Pittosporum abyssinicum Pittosporaceae Evergreen Tree/Shrub 2,300-3,200
Rhus glutinosa Anacardiaceae Semi-deciduous Tree/shrub 1,500-3,300
AM Balanites aegyptiaca Balanitaceae Evergreen Tree/shrub 700-1800
Celtis africana Ulmaceae Deciduous shrub 1,300-2,500
Combretum mole Combretaceae Deciduous(quite variable) Tree 500-1900
Euclea racemosa Ebenaceae Evergreen Tree/shrub 700-2,900
Garcinia livingstonei Hypericaceae Evergreen Tree 1,200-1,500
Grewia mollis Tiliaceae Evergreen Tree 600-2,200
Mimusops kummel Sapotaceae Evergreen Tree 550-2,500
Pappea capansis Sapindaceae Evergreen Tree 1,200-2,300
Piliostigma thonningii Abaceae Semi deciduous Tree 500-2000
Sclerocarya birrea Anacardiaceae Deciduous Tree 500-1700
Terminalia brownii Combretaceae semi-deciduous Tree 300-2000
Trichilea emetica Meliaceae Evergreen Tree 450-1,350
Tamarindus indica Fabaceae Evergreen Tree 0-1,500
Teclea nobilis Rutaceae Evergreen Tree/shrub 900-2,800

Ababa, and Arba Minch. The average soil bulk density in Addis
Ababa and Arba Minch is 1.76 g/cm’® (Andualem, 2018) and
1.78 g/cm® (Toyebo, 2020) respectively, which indicates stronger
soil compaction for plant growth (1.10 to 1.60). In addition,
concrete, and cobblestone pavements are also major challenges in
the street condition. However there is limited documented
evidences, plastic, and other chemical soil pollution is moderately
increasing in the Addis Ababa (Aschale et al., 2017), and Arba
Minch city (Guadie et al., 2021). These all together stressed the
plant growth in the street, which urges the need of the stress
tolerator species for such stressed environment (Czaja et al,
2020). The atmospheric concertation particulate matter and other
pollutant gases are increasing in both Addis Ababa (Kumie et al.,
20215 Tefera et al,, 2021), and Arba Minch (Dingemanse et al.,
20225 Dingemanse and Tademe, 2023) that impose stress on the
human beings, and plants. Thus, the use of the proposed
functional traits particularly leaf morphological traits enable us a
better understanding of the plant adaptation strategies (Zhu et al.,
2021), and ecosystem services related to hazard reduction in the
urban environment (Gastauer et al., 2020). It is reccommended to
use multi-trait evaluation rather than relying on single functional
traits in plant adaptation research (Wang et al., 2023). Thus,
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we measured multiple conservative and acquisitive functional
traits, which are valuable for understanding adaptation strategies
in different tree species. This is because urban environmental
stress is complex and the relationship between environment and
traits is multi-layered (Maynard et al., 2022; Lefcheck et al,, 2015).
Based on this recommendation, we measured leaf functional traits
and specific stem density (SSD). These traits do not require
sophisticated laboratory infrastructure, which makes the traits
suitable to use in countries such as Ethiopia, and have shown
consistency in plant functional ecology analysis at a global scale
with ample scientific evidence available to apply them (Maynard
et al., 2022). The measured traits are widely used in plant
adaptation theory construction, such as Grimes CSR-theory, fast-
slow plant adaptation theories, and LHS theory (Pierce et al,
2017; Reich, 2014).

We collected leaf samples from Gullele Botanical Garden and
Arba Minch natural forest using simple random sampling for trees
with greater than 5cm DBH, and five replications (individual trees)
for each species between June 19/2023 and July 07/2023 (Ethiopian
rainy season). It was difficult to find all the species in one site to
establish homogenous temporary sampling plots. Thus, we walk in
the total sampling area to find the target plant species. First,
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we collected five twigs from each individual tree that were healthy
and fully exposed to sunlight. We then placed them in a polythene
plastic bag, and put them under darker and cool place to reduce
water loss until taking to the laboratory within a maximum of 2 h
(Pérez-Harguindeguy et al., 2013). In the laboratory, we sampled five
healthy, fresh, and fully expanded leaves from different twigs for
each species.

Each leaf was scanned using a Canon Scanner to determine the
leaf area (LA). The fresh mass was weighed immediately after scanning
using an analytical balance with 0.001 g accuracy. The leaves were then
dried for 72h at 70°C using a drying oven, and the dry mass was
weighed with the same analytical balance. Wood core samples were
taken from each tree to determine stem specific density (SSD) using
an increment borer with a diameter of 5.38 mm at a height between 1
and 1.5 metres from the ground. The fresh length of the core samples
(in cm) was measured using a ruler and they were then placed in a
labeled plastic straw, with both sides plastered. The core samples were
placed in a drying oven at 70°C for 72h, and the dry mass of each
sample was measured by removing the straws and using an analytical
balance with 0.001 g accuracy. The traits’ significance and calculation
are summarized as follows:

o LA (leaf area) represents the total area of one side of the leaf and
is a significant functional trait associated with photosynthesis,
evapotranspiration, radiation interception, and competition
ability of the species (Westoby, 1998). It is also essential for
calculating other leaf traits such as SLA, LMA, LSI, and LT. The
LA was calculated from the scanned image of the fresh leaf using
Image] software (Martin et al., 2020).

o LDMC (leaf dry matter content) is defined as the ratio of dry
mass to fresh mass, in contrast to LWC, and was determined
using partial hydration method (Vaieretti et al., 2007; Vendramini
et al,, 2002). It is associated with plant net primary production
(Smart et al., 2017), plant adaptation strategies (Polley et al,
2022), and leaf chemical composition (Wang et al., 2022).
Ecologically, species with higher LDMC tend to have longer leaf
lifespan and greater stress tolerance capacity (Maynard
etal., 2022).

o LWC (leaf water content); the current LWC was calculated by
dividing leaf water mass to leaf fresh mass. The leaf water mass is
the differences between leaf fresh mass, and leaf dry mass of a
fully expanded, and exposed healthy leaf (Wang et al., 2022). The
leaf fresh mass was within a maximum of 2h to minimize the
errors due to water loss instead of rehydration (Pérez-
Harguindeguy et al, 2013). LWC influences several other
functional traits, including leaf photosynthesis and area, which
are critical for plant growth rate, resource use efficiency, leaf gas
exchange, and thermal regulation (Wang et al., 2022).

o SLA (specific leaf area); defined as the leaf area per unit of dry
mass and is associated with higher relative growth, resource
acquisition, and covariance for drought response of plant species
(Dwyer et al., 2014). It is one of the most important/commonly
used leaf functional traits associated with light irradiance
interception and photosynthetic efficiency in a unit of mass
assimilated (Meziane and Shipley, 2001). Plants with a higher
SLA are characterized by a high relative growth rate and a strong
capacity to compete for soil and light resources. They also exhibit
higher evapotranspiration activity but are less resistant to biotic
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and abiotic stresses compared to plants with a lower SLA and
higher LMA (Dwyer etal,, 2014).

LMA (leaf area per mass); is mathematically and functionally
reversed to SLA, that is, the dry mass of the leaf per fresh leaf area
(Pérez-Harguindeguy et al., 2013). LMA is a good indicator of
leaf longevity, leaf thickness, and density leaves, which are
associated with resistance to damage and stresses (De La Riva
et al., 2016). Thus, the combined use of SLA and LMA will allow
us to show the trade-off in resource allocation for growth
and safety

SSD (Specific stem density) is calculated as the dry mass of the
wood core sample per fresh volume of the wood core sample
(Pérez-Harguindeguy et al., 2013). SSD is a conservative trait,
indicating that species with higher SSD have greater stress
tolerance for both abiotic and biotic stresses, including physical
damage and pests (King et al., 2005; Pavanetto et al., 2024). The
formula used to determine SSD is SSD=WDM/V (Maynard et al.,
2022). WDM represents the dry weight of the wood core sample,
while V represents its fresh volume (cm3). The fresh volume can
be calculated using the formula V =7*r**, where r is the radius
of the core sampler (2.15mm) and 1 is the length of the fresh
wood core sample in mm. Therefore, V in mm?® is equal to 14.52
(mm?)*]. This can be further simplified as SSD=WDM/ (14.52*1),
where SSD is in mg mm™. SSD and LDMC are parallel traits that
provide insight into carbon allocation partition between leaf and
woody components of trees (Cope et al., 2021).

LSI (The leaf succulence index) was calculated as the leaf water
mass per leaf area (Mantovani, 1998). LSI provides insights into
plant adaptation, physiology, and ecology by measuring the water
storage capacity of plant leaves. Plants with higher LSI have a
greater potential for drought resistance by storing physiologically
usable water in their leaves. Such plants are well known for their
ability to adapt to semi-arid environments (Guo et al., 2023).
Plants with a higher leaf succulence index may be better adapted
to urban street ecology due to the prevalence of drought, which
is a major challenge in these areas, as well as the potential effects
of future climate change (Guo et al., 2023).

LTPLP (leaf turgor pressure loss point) refers to a plant’s ability to
maintain cell turgor pressure under drought stress (Maréchaux
etal, 2015; Zhu et al,, 2018). Several field and experimental studies
have used LTPLP as a strong indicator of drought resistance. These
studies define species with a more negative value of LTPLP as more
drought-resistant (Maréchaux et al., 2015; Zhu et al., 2018). In our
study, we sampled healthy, fully expanded, and exposed leaves
from 5 individuals using a similar design to the above traits. From
each leaf we took a leaf core sample from the middle of the leaf
using the 5mm diameter leaf disc sampler. We promptly covered
the leaf cores with aluminium foils, labelled them, and submerged
them in liquid nitrogen for 5 to 10min. We used the Wescor
EliTech Vapro 5,600 Vapor Pressure Osmometer by calibrating
according to standard procedure. Subsequently, we removed the
samples from the liquid nitrogen and the aluminium foil, and
punched the leaf core using a puncher 5 to 10 times and put the
sample into the osmometer to read the osmotic potential of the leaf
within 10 to 15min. Calculate the LTLP using the following
formula: LTPLP=-0.2554+ 1:1243*¥p100, where LTPLP and
Y100 are the turgor pressure loss point and leaf water potential at
full turgor pressure, respectively (Zhu et al., 2018) (see Table 2).

frontiersin.org


https://doi.org/10.3389/frsc.2024.1451930
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Tamene et al.

10.3389/frsc.2024.1451930

TABLE 2 Summarizes the functional trait measures for the potential urban trees proposed by the framework analysis above.

Leaf Traits Formula Unit References
LDMC . gg™! Maynard et al. (2022)
LDMC = Leaf dry weight
leaf firesh weight ,
LwWC _ % Wang et al. (2022)
LIWC% = Fresh mass — mass of drymass *100
leaf dry weight
LMA leaf dry weight mg.mm™’ Maynard et al. (2022)
- oneside fresh leaf area
2. —~1 o P
SLA e oneside fresh leaf area mm’mg Guo et al. (2023)
leaf dry weight
LSI leaf water mass g/dm™ Mantovani (1998)
* oneside - leaf area
SSD drymass of wood core sample Mgmm’3 Maynard et al. (2022)
B fresh volume of the wood core sample
LTPLP LTPLP =-0.2554 +1:1243 * ¥p100 Kpa Zhu et al. (2018)

2.4 Data analysis

The traits were classified into three categories: acquisitive traits (LA,
SLA, and IWC), conservative traits (LMA, LDMC, and SSD), and
drought resistance traits (LSI, LT and LTPLP) (Gorné et al., 2022
Maracahipes et al., 2018). Acquisitive traits are positively correlated with
resource acquisition, growth rate, and photosynthesis rate, while
conservative traits are associated with species stress tolerance and Damage
resistance (Maracahipes et al., 2018). Drought tolerance traits are traits
specifically associated with water use efficiency and drought resistance
(Obispo, 2019). To ensure consistency, we transformed the data into
natural logarithm for all functional traits except SSD and LTPLP, as the
variation between traits value and scale was not considerable (Lee, 2020).
We used Spearman correlation to investigate the non-parametric
correlation between the functional traits. Principal component analysis
(PCA) was used to investigate trait-to-species ordination, as has been
done in several local and global scale trait-based studies (Farrell et al.,
2017; Tameirao et al,, 2021). Grimes’ trait CSR plant adaptation theory
was applied to classify species into competitors, stress-tolerant, and
ruderal groups, which is also widely used in plant adaptation research,
including urban forestry (Pierce et al., 2017). The percentage of CSR
thresholds was calculated and species were assigned as CSR and sub-class
of adaptation strategies using an Excel spreadsheet developed by using the
LA, SLA, and LDMC based on Pierce et al. (2017). The species ordination
along CSR plant adaptation strategies was visualized using the triangular
scatter plotting technique. We used one-way ANOVA, and Tukey mean
separation technique to investigate inter-species trait variation. A bar
chart was also used to display inter, and intra-specific trait variation
within species. All inferential statistics were performed using Origin
software.” Since each city has a unique climate and ecology, it is
strategically sensible to analysis data for each city separately. This approach
ensures that interventions are appropriate for the particular circumstances
of each city by providing a locally adapted UST selection that is necessary
for efficient urban planning and policy-making.

2 https://www.originlab.com/
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3 Results
3.1 Correlation between functional traits

Similarly, in Addis Ababa, there was a strong positive correlation
coeflicient of 0.67 between LDMC and LMA, but this correlation was
insignificant in Arba Minch (Table 3). For both cities, LWC was strongly
and positively correlated with LA, LSI, and SLA (Table 3), which implies
the synergy of acquisitive traits in resource investment for growth and
reproduction. Specifically, LTPLP exhibits a negative correlation with
SSD, LDMC, and LMA, whereas it shows a positive correlation with LSI,
LWC, LA, and SLA (Table 3). It is important to understand that positive
correlations should be interpreted inversely, indicating that LTPLP is an
indicator trait for drought tolerance. The correlation between LTPLP
and conservative and acquisitive traits aligns with plant economics
theory, which helps in selecting tree species suitable for urban
environments, particularly drought-tolerant ones.

A strong negative correlation was observed between SLA and
LDMC for all species in Addis Ababa (r=—0.71), confirming that the
plant economic spectrum theory was applicable to the included
species. This theory suggests a trade-off between resource investment
for growth and leaf structure construction. Additionally, the strong
negative correlation between LDMC and LSI (r=—0.61, and r=—0.74,
Addis Ababa, and Arba Minch) is consistent with this theory, as it
shows a trade-off between leaf resource investments in structural and
leaf water storage cells. Additionally LDMC was positively correlated
with specific stem density (SSD) (r=0.34, and 0.38 in Addis Ababa,
and Arba Minch respectively).

3.2 PCA, and grimes CSR plant adaptation
theory based classification

The result showed that species in both cities were ordinated with
two principal component dimensions (PC1 and PC2) based on PCA
and Grimes CSR Plant Adaptation Theory. PC1 was explained by the
combinations of acquisitive traits, accounting for 43.24% in Arba Minch
and 48.28% in Addis Ababa, while PC2 was more explained by
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TABLE 3 Shows the Spearman correlation between the functional traits of species proposed for both cities and the implication of the correlation in
two-dimensional plant adaptation strategy (plant economic spectrum).

Functional traits Addis Ababa Arba Minch Implication in plant economic
spectrum
Traitl Traitl p value p value Conservative Acquisitive
LA LDMC —0.23 <0.0001 —0.37 <0.0001 + +
LA LTPLP 035 0.01 03 0.01 + +
LDMC SSD 034 0.02 0.38 <0.0001 + -
LWC SSD —0.34 0.03 —-0.39 <0.0001 + +
LDMC LTPLP -0.19 0.09 —0.49 <0.0001 + -
LA LWC 0.23 0.1 0.37 <0.0001 - +
SLA LTPLP 0.17 0.11 0.04 075 - +
LA LSI —0.06 0.12 0.15 0.2 - +
LMA LTPLP -0.17 0.12 —0.04 0.74 + -
LWC LTPLP 0.19 021 0.49 <0.0001 + +
LMA LSI —0.02 0.22 0.51 <0.0001 + -
SLA LSI 0.01 0.22 -0.5 <0.0001 - +
LS LTPLP 021 0.65 0.4 <0.0001 + +
LSI SSD —0.09 0.85 —-0.32 0.01 + +
LA SSD -0.35 <0.0001 —0.48 <0.0001 + +
LMA SSD 0.4 <0.0001 0.04 075 + -
LTPLP SSD -0.25 <0.0001 —0.47 <0.0001 + -
SLA SSD —0.4 <0.0001 —0.04 075 + +
LDMC LSI —0.61 <0.0001 —0.74 <0.0001 + -
LMA LWC -0.71 <0.0001 —0.18 0.13 - +
LWC LSI 0.61 <0.0001 0.74 <0.0001 - +
SLA LWC 0.71 <0.0001 0.2 0.09 - +
SLA LDMC -0.71 <0.0001 -0.18 0.13 + +

conservative traits, accounting for 30.20% in Arba Minch and 22.7% in
Addis Ababa (see Figures 1, 2). This resulted in the identification of
three groups of species in both Arba Minch and Addis Ababa, which
we will refer to as Type I, Type I1, and Type III species (see Figures 1, 2).
Type I species are characterized by higher conservative traits, lower
acquisitive traits, and a greater tendency towards drought tolerance, as
indicated by their ordination with PC2. Type I species for Addis Ababa
include Olea europeana subs. Cuspidata, Olinea rochetiana, Apoddytus
dimiadata, Nuxia congesta, Pittosporum abyssinica, and Mersine
melanopoleous. For Arba Minch, Type I species are Combiritum molle,
Euclea racemosa, Grewia mollis, Terminalia brownii, Memosopis kummel,
Celtis africana, and Papaea capaensis. Both Type IT and Type III species
in both cities show higher acquisitive traits and lower conservative traits,
as indicated by PC1. However, they differ in their degree of association
with the PC1 axis. In Addis Ababa, Ekebergia capensis, Melitia furrugnea,
Bersama abyssinica, and Rhus glutinosa are grouped as Type II species,
while in Arba Minch, Balanites eagyptiaca, Garcinia livingstonei,
Pilostigma thonnningi, Teclea noblis, and Sclerocarya birrea are grouped
as Type Il species (Figure 1). Only Measa laceolata for Addis Ababa, and
Tamarndis indica and Trichilia emetica for Arba Minch are species
belonging to the third group (Type III) that show strong ordination with
LA, SLA, and LWC (see Figure 2).

According to Grime’s CSR model Bersama abyssinica, Ekebergia
capensis, Milettia ferruginea, Measa lanceolata, and Rhus glutinosa
were characterized by S <50%, R <50%, and C>50%. Most of these
species were classified as Type II species in the PCA-based
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classification (Figure 2). Similarly, in the PCA classification, Type
I species are characterized as having C <50%, S>50%, and R<50%,
which implies that they have a higher potential probability of being
drought tolerant. In Arba Minch, Trichilia emetica, Garcinia
livingstonei, Combretum mole, and Teclea nobilis are among the species
with S <50%, R<50%, and C>50% (Figure 1). However, some species
cannot be classified into one of the three groups in both CSR and PCA
classification types, as proposed for both cities. Tecla nobilis,
Sclerocarya birrea, and Celtis africana from Arba Minch, and mainly
Milletia ferruginea and Myrisne melanophloeos from Addis Ababa
showed larger intra-specific trait variation, as shown in Figure 2.

3.3 Interspecific functional trait variation
among species

The bar chart presented the significant mean variation of all
functional traits examined (Figures 3-5) for the species sampled for
both Addis Ababa and Arba Minch. In comparison, Bersama
abyssinica, Apodytes dimidiata, Myrsine melanophloeos and
Pittosporum abysssinicum did not show significant differences in
their mean trait values (Figures 3, 4). In Figure 3 Measa lanceolata
and Melittia ferruginea show significantly higher SLA than Bersama
abyssinica, Apodytes dimidiata, Myrsine melanophloeos, and Olea
europeana subsp. Cuspidata for species suggested for Addis Ababa.
In Figure 4, Olea europeana subsp. cuspidata, Myrsine melanophloeos,
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the significant variation of plant functional traits among species based on the natural logarithm value of traits except for SSD and LTPLP, and where
LDMC is the leaf dry matter contents, LMA is the leaf mass per area, SSD is the specific stem density, and for Addis Ababa, and Arba Minch. *Species

and Pittosporum abysssinicum exhibit higher LMA indicating
greater stress tolerance compared to the other species suggested for
Addis Ababa. In Figure 4, it can be seen that only Olea europeana
subsp. cuspidata had significantly higher SSD, and Measa lanceolata
had significantly lower LDMC, and SSD compared to the rest of
species suggested for Addis Ababa. Figure 4 also showed that
Combretum molle, Euclea racemosa, Grewia mollis, Pappea capensis,
and Terminalia brownii have higher LDMC and LMA values
compared to Balanites aegyptiaca, Trichlea emetica, Tamarindus
indica, Garcinia Livingstonei, and Piliostigma thonningi in Arba
Minch. In addition, Pappea capensis and Grewia mollis exhibit
higher SSD values than Trichlea emetica, Tamarindus indica,
Piliostigma thonningii, Euclea racemosa, and Sclerocarya birrea.
SLA, LWC, and LA are leaf morphological traits critical to plant
resource acquisition strategies and exhibit similar patterns across
species (see Figure 3).

In Figure 5, Olea europeana subsp. cuspidata, Apodytes dimidiata,
Olinia rochetiana, Ekebergia capensis, and Rhus glutinosa showed
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significantly more negative values of LTPLP compared to Measa
lanceolata, Melittia ferruginea, Nuxia congesta, and Bersama
abyssinica for species suggested for Addis Ababa. Figure 5 also
Balanites aegyptiaca, Combretum mole, Celtis africana, Euclea
racemose, Grewia mollis, Pappea capensis, and Terminalia brownii
had more negative LTPLP compared to Garcinia Livingstonei,
Piliostigma thonningii, Sclerocarya birrea, Trichilea emetica, and
Tamarindus indica in species suggested for Arba Minch. In terms of
plant adaptation strategy, the inter-specific trait variance was
generally consistent and aligned with the acquisitive, conservative,
and drought tolerance traits for most of the species (see Figures 3-5).
For example, Olea europeana subsp. cuspidata, Grewia mollis, and
Pappea capansis exhibited higher LDMC and SSD, lower values of
LA, SLA, and LWC, and a more negative LTPLP, demonstrating the
stress-tolerance of these species. Species with Measa laceolata and
Trichilea emetica exhibited a reverse adaptation strategy, which is a
more competitive adaptation strategy, and have compound and
broad leaves for both. In contrast, the more conservative species in

09 frontiersin.org


https://doi.org/10.3389/frsc.2024.1451930
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Tamene et al.

10.3389/frsc.2024.1451930

Tamarindus indica Jcde ab [ Tamarindus indica
Trichilea emetica ] cd abe [ Trichilea emetica
Tecla nobilis 1 cde Arba Minch bede [ Tecla nobilis
Sclerocarya birrea ~ | bcd ab I {Sclerocarya birrea
Piliostigma thonningii la a i {Piliostigma thonningii
Garcinia Livingstonei | abc afl Garcinia Livingstonei
Balanites aegyptaica = b = Balanites aegyptaica
Pappea capensis g of—fF= Pappea capensis
Gerwia mollis | efg def [ Gerwia mollis
Terminalia brownii | def def—fF— Terminalia brownii
Mimusops kummel - cdef abed- Mimusops kummel
Euclea racemosa cdef cdef | Euclea racemosa
Combretum mole gl - Combretum mole
— — — _ Celtis africana|  _ _ _ _ | Sbdef_ _ _ i __ cdef [ Celtis africana
Maesa lanceolate Jda - - = -==-" abf Magsa lanceolate
Rhus glutinosa ] ab . B {Rhus glutinosa
Milletia ferruginea{ b H Addis Ababa abf {Milletia ferruginea
Ekebergia capensis -ab cd 1 Ekebergia capensis
Bersama abyssinica }ab ab [ Bersama abyssinica
Pittosporem abysscinicum Jab b Pittosporem abysscinicum
Olinia rochetiana I 1 ab Type | cdef  Olinia rochetiana
Olea europeana subs. Cuspidata : a Ej Type 1l el Olea europeana subs. Cuspidata
Nuxia congesta : ab b {Nuxia congesta
Myrsine melanophloeos . a I:] Type 1 a Myrsine melanophloeos
Apodytes dimidiate —]ab de [ Apodytes dimidiate
-06 -0.4 -0.2 00 02 04 06 08 10 12 14 -5 -4 -3 -2 -1 0
Ln(LSl) LTPLP
FIGURE 5
The significant variation of LSl and LTPLP for both Addis Ababa, and Arba Minch. Where LS| is the leaf succulence index, and LTPLP is the leaf turgor
pressure loss point. *Species shared the same letters within each city are not significant differences for each traits.

this study have simple and short leaves. This is also true
phonologically. The species in this study that are more conservative
traits have simple and small leaves, while species with high
acquisitive trait values have compound and broad leaves. This trend
is consistent for both cities (see Table 2).

4 Discussion

4.1 Linking plant functional adaptation to
urban street ecosystem

Elevations of heatwaves, drought, pollution, and flooding are
significant stresses on urban trees, reducing tree survival, growth
potential, and ecosystem service provision (Aalipour and
Nikbakht, 2021; Liu et al.,, 2023). Furthermore, urban streets
present a multitude of ecological stressors for trees, including a
lack of soil volume, paved area, drought, heat, waterlogging, and
pollution. These stressors are even more pronounced than those
observed in other urban plantation sites (Czaja et al., 2020;
Beecham and Lucke, 2015). Consequently, matching the plant
adaptation traits (Maynard et al., 2022) with significant urban
stresses for trees in the urban street ecology improves the urban
tree selection (Levinsson et al., 2024; Sjoman, 2015; Sjoman et al.,
2012). In line with this research, efforts are being made to develop
functional trait-based urban tree selection frameworks. Grilo et al.
(2022) developed a trait-based framework to address the
interaction of anthropogenic effects on the phenotypic expression
of traits, ecosystem service delivery, and ecosystem service-based
urban planning. Andersson et al. (2021) have developed a
framework to link effect and response traits, and the concept of
filter traits concerning sustainable urban planning. Farrell et al.
(2022) also introduced a trait-based framework for the selection of
appropriate trees for Australian cities in the context of climate
change adaptation. All the aforementioned frameworks concur that
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stress-tolerant plants are more adaptable to the stress-laden, ever
changing, and confined urban plantation ecology.

We found that Watkins et al. (2021) trait based framework for
urban forest species selection is more relevant to apply for this
study. This is because of Watkins et al. (2021) developed a
simplified urban tree selection process by matching Grime’s CSR
triangular plant adaptation strategy and the two-dimensional
plant economic spectrum theories in relation to hypothetical
urban plantation sites. We have illustrated this framework to
match our tested species by plotting species along the S and C
Grimes axes (see Figures 6, 7). The plot is corroborated by
correlation analysis, multi-trait variation, and intra-specific trait
variation analysis, which imply that the species mainly represented
are Olea europeana subsp. cuspidata, Apodytes dimidiata, Rhus
glutinosa, Ekebergia capensis, and Olinia rochetiana adapting the
urban ecology of Addis Ababa (Figure 6). It is also likely that the
species Terminalia brownii, Pappea capensis, Grewia mollis, and
Euclea racemosa will adapt to the urban street ecology in Arba
Minch city (Figure 7) given their higher values of LDMC, SSD,
and LMA compared to other species. A negative LTPLp value
indicates a strong drought tolerance indicator trait, which is
consistent with the drought tolerance potential of these species.
This justifies our recommendations.

4.2 The eco-morphology feature for
potential USTs selection

The study highlights adaptation strategies of potential USTs
using functional traits in response to various abiotic stresses.
Using eco-morphology features of trees, we identified USTs that
could be suitable for streets in each of these two distinct cities. It
is our contention that the use of eco-morphological features in
UST selection has the potential to optimize the potential of trees
to fit the street ecology in size, ecosystem services provision and
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stress (Edward and Sadowski, 2007). Tree

morphological features we have considered include maximum

adaptation

height, maximum DBH, maximum crown width, and the leaf
lifespan those together imply the ecosystem service potential of
UST including cooling services, stormwater management, and
carbon sequestration (Simovic et al., 2024). According to Jahani
and Saffariha (2022a,b) some of these morphological features has
been used to predict the urban tree faillurity risk together with
other soil, and climatic variables. However predicting tree
faillurity risk is a crucial aspect for urban street tree management,
these the of
ecological adaptation.

we used variables from perspective

It is thought that urban streets are best suited to medium-
sized trees, both in terms of their height and width (Coleman
et al., 2022). This is because they are more suitable to the street
structure where too large trees increase conflicts with buildings
and decrease accessibility (Zairuddin et al., 2020). In an Ethiopian
setting, it is also important to consider the aboveground power
lines, to avoid repeated and unwanted pruning. Considering
ecological features such as the range of growth altitude, types of
vegetation in which the species naturally grows, and local
abundance of a species could be useful markers of a species’
potential to adapt to urban conditions with similar ecological
growing conditions (Sjoman et al., 2012). The use of these
indicators in urban tree selection is consistent with the

environmental filtering theory (Asefa et al., 2017).
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4.3 Trait to-trait correlation of the potential
USTs

The negative correlation between conservative and acquisitive
traits in this study lends support to this two-dimensional spectrum of
plant adaptation (Joswig et al., 2022) and the trade-offs in resource
mobilisation for safety, as well as growth and reproduction at a
community level (Maynard et al., 2022).

The negative correlation between conservative and acquisitive
traits suggests a trade-off in resource allocation between safety
investment (survival, tolerances) and investment for growth
processes, according to the fast-slow growth perspective of the plant
economic spectrum theory. One of the main negative correlations
we found did between LA and SSD is consistent with research
findings reported by Baraloto et al. (2010) (r=—0.339) from research
on the species they called Neotropical species of the South American
rainforest and Watkins et al. (2021) (r=-0.46) in urban tree species
in Northern Europe. We also found a strong negative correlation
between LDMC and SLA (r=-0.71). This is consistent with studies
on SLA and LDMC reported from China (Jiang et al., 2021) and
South America (Gorné et al, 2022). LTPLP is also negatively
correlated with conservative traits and positively correlated with
acquisitive traits (Table 3), which is in line with the study conducted
on a global scale reported by Zhu et al. (2018). The consistency of the
trait correlation aligns with the plant economic spectrum, and with
the theory of CSR, which highlights the importance of functional
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traits in understanding species adaptation to urban and non-urban
areas, and in analyzing resource investment trade-offs for safety and
growth (Maynard et al., 2022). It would be an oversimplification to
suggest that the correlation of traits at the plant community level
reveals species’ conservatism or acquisitiveness at the species level.
However, it does provide valuable insight for further analysis.

4.4 Functional groups of the species and
adaptation to urban environment

The PCA analysis showed three species groups (Type I, Type II,
and Type IIL, for each city) resulted from the ordination of tree species
with functional traits differently along the two principal components
(Figures 1, 2). The PCA result appeared to align with the theory of the
plant economic spectrum, and Grime’s universal plant adaptation
(CSR) theory (Grime, 19,779). These findings were then summarized
as follows: It is our understanding that Apodytes dimidiata, Myrsine
melanophloeos, Nuxia congesta, Olea europeana subsp. cuspidata,
Olinia rochetiana, and Pitotospurum abysssinicum were classified as
Type I for Addis Ababa city (Figure 2). It is notable that significantly,
smaller LA, and SLA distinguishes these species, higher LMA, SSD,
and a more negative LTPLP than Type II and Type III (see
Figures 3-5). In addition, Bersama abyssinica, Ekebergia capensis,
Rhus glutinosa, and Melittia ferruginea were included as Type II
species (Figure 2). It could be said that these species are characterized
by a compound leaf type with a larger LA than Type I and Type III
species (Measa laceolata) (Figure 2). It would appear that Type
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I species are generally more conservative than Type II and Type III
species, implying they might have higher probability to adapt the
urban street ecology. On Arba Minch, we observed that Type I species
include Combretum molle, Celtis africana, Euclea racemosa, Grewia
mollis, Terminalia brownii, Pappea capensis, and Mimusops kummel. It
is our understanding that, Balanites aegyptiaca, Sclerocarya birrea,
Garcinia livingstonei, Teclea nobilis and Pilostigma thonningi were
classified as type II species (Figure 1). It is worth noting that only
Trichilea emetica and Tamarindus indica were found in the Type III
group in Arba Minch. Interestingly, a similar leaf phenology pattern
was found between the types I and Type II species in Arba Minch and
Addis Ababa. This suggests that Type I species may have simple or
small leaf type, high LDMC, and LMA, while Type II and Type III
species may have either compound leaves or broad leaf structures,
large LA, and SLA in Addis Ababa. In a similar fashion to the species
observed in Addis Ababa, Type I species exhibited significantly higher
LDMC, SSD, and a more negative LTPLP than both Type IT and Type
III in Arba Minch. Meanwhile, in Arba Minch, Type II species
demonstrated significantly higher LMA than both Type I and Type I1I,
in a manner similar to Type I species (Figure 3).

Previous research has indicated that species with higher
conservative traits, such as LDMC, LMA, and SSD, may be more
stress-tolerant than species with higher acquisitive traits. Huang et al.
(2020) have suggested a potential positive association between LMA
and water use efficiency (r*=0.22) in California, USA. Horike et al.
(2023) also indicated a potential positive association between LMA
and drought recovery of urban shrubs in Kyoto City, Japan. Esperon-
Rodriguez et al. (2020) demonstrated a notable association between
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LTPLP and annual precipitation and temperature gradients, with the
study conducted in a city with a different location from the inner city
to the outer of Sydney, Australia. The correlation of PC1 and PC2 with
LTPLP (drought tolerances indicator trait) and with the S, and C
percentages of the Grimes adaptation strategy suggests that the
PCA-based classification and CSR classification of the current research
may be aligned for both cities (Figure 8). This agreement provides
further confidence in the species classification and matches adaptation
behavior with the novel urban plantation ecologies such as streets,
parks, and gardens (Levinsson et al., 2024; Schiitt et al., 2022).
However, sampling of the trees for this study has been conducted
at the microhabitat level. Some species showed higher intra-species
trait variation, and are not grouped to the above PCA-based and
CSR-based classification. It is possible that eco-typic variation (Millien
etal., 2006) and phenotypic variation (Behm and Kiers, 2014) are the
sources of such large intra-species trait variations. Some species have
been observed to exhibit both competitive and stress-tolerance (CS)
Grimes adaptation strategies, which appear to be beneficial in areas
that are subject to some degree of stress and disturbance, such as
parks, pocket plantations, and well-managed median plantation areas.

4.5 Inter-specific trait variation

In addition to community-level analysis, it would be beneficial to
gain a deeper understanding of trait variation at the species level. This
could help us to better comprehend species-level fitness,
reproduction, and future climate adaptation at a local, spatial, and
regional scale (Auger and Shipley, 2013; May et al., 2017). However,
it is worth noting that there is currently a lack of site-specific and

10.3389/frsc.2024.1451930

species-specific functional trait and physiology research evidence for
Ethiopian tree species. In light of this, our findings are presented in
the context of established trait-based plant adaptation theories, with
a particular focus on Grimes CSR and plant economics spectrum
theory. Our findings suggest that Bersama abyssinica, Apodytes
dimidiata, Measa melanophloeos, Olea europeana subsp. cuspidata and
Pitotospurum abysssinicum may have higher LMA values than Measa
lanceolata, Melittia ferruginea and Ekebergia capansis. It is worth
noting that the only significant differences in terms of SSD and
LDMC were observed between Olea europeana subsp. cuspidata and
Measa lanceolata in Addis Ababa (Figure 4). The SSD implies the
mechanical strength, and LDMC implies the leaf stiffness together
corroborated to explain stress resistances of the species meaning that
Olea europeana subsp. Cuspidata is most likely stress resistances
compared to Measa laceolata while these traits are no sufficient to
compare the rest of the species and looking other traits might
be valuable. In Arba Minch, Balanites aegyptiaca exhibited a higher
LMA compared to other species, while the Combretum mole, Euclea
racemosa, Petrosporum capense, and Terminalia brownii displayed a
higher LDMC (Figure 6). Pappea capensis, Grewia mollis, and
Terminalia brownii exhibited significantly higher SSD values. It is
thought that plants with high LMA are characterised by a more
robust structure, which allows them to resist biotic and abiotic stress
while growing slowly, and have longer leaf lifespans and lower leaf
nutrient content (De La Riva et al., 2016). On the other hand, it is
possible that species such as Olinia rochetiana, O europeana, Grewia
mollis, and Terminalia brownii will have higher conservative traits,
including LMA, LDMC, and SSD. This could suggest that they may
be more tolerant to stresses in urban areas or other environments
(May et al., 2017; Pescador et al., 2016).
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Shows the correlation between the PC1, PC2, LTPLP, and S, C axes of CSR percentages according to Grimes theory, which confirms the consistency of
the classification, where LTPLP is the leaf turgor pressure loss point, C is the competitor, and S is the stress tolerances expressed in percentage.

Frontiers in Sustainable Cities

13

frontiersin.org


https://doi.org/10.3389/frsc.2024.1451930
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Tamene et al.

It would appear that Measa laceolata had significantly higher LWC
and SLA than Olea europeana subsp. cuspidata and Pitotospurum
abysssinicum. This could be indicative of Measa laceolata being a fast-
growing species with a high resource acquisition potential compared
to other species. Meanwhile, Melittia ferruginea showed the lowest
value of LSI compared to other species proposed for Addis Ababa
(Figure 4), and Pappea capensis, Grewia mollis, and Terminalia brownii
showed significantly higher SSD values and lowest values of LWC, and
LSI in Arba Minch (Figures 3-5). This could be explained by the case
that SLA and LWC are associated with resource acquisition plant
functions such as photosynthesis, evapotranspiration, and light
interception (Firn et al., 2019; Wilson et al., 1999), which are the most
important metabolic activities associated with growth rate and
reproduction in combination. It may therefore be the case that species
such as Measa laceolata and Trichilea emetica, which have very large
LA, SLA, and LWC, could be more suitable for production forestry or
well-managed urban habitats such as gardens, urban forests, and parks
than stressed areas. Bekele (2007, p. 504) has explained that Trichilea
emetica is susceptible to pests, which is in line with our findings work
of Eggli and Nyffeler (2009) and Lim et al. (2020) highlights the
importance of leaf succulence. A study conducted in central southern
Ethiopia on the natural forest also showed significant differences in
SLA between evergreen tree species (Podocarpus falcatus and Prunus
africana) (Seyoum et al., 2012).

Olea europeana subsp. cuspidata>Apodytes dimidiata, >
Pittospurum abysscinicum > Ekebergia capensis > Rhus Glutunosa
from species suggested for Addis Ababa (Figure 5), and Balanites
aegyptiaca, Combretum mole, Tecea nobils, Grewia mollis and
Terminalia brownii from species suggested for Arba Minch are the
five top species showed more negative LTPLP values (Figure 5).
These species have higher probability to adapt the street ecology,
which is frequently affected by water deficient, hence LTPLP is
thought to be the powerful indicator of drought tolerance as is
confirmed by several field based (Sjoman et al., 2018; Zhu et al.,
2018), and experimental research findings (Wistrom et al., 2023).

10.3389/frsc.2024.1451930

Brodribb et al. (2003), Santa Rosa National Park, Costa Rica found
that LTPLP showed significant intra-specific variation.

4.6 Intra-specific trait variation and
eco-typic variation as challenge selection

In addition to inter-specific trait variation, species for both cities
showed also intra-specific trait variations where Terminalia brownii from
Arba Minch and Milietia ferruginea from Addis Ababa showed the largest
intra-specific trait variation. Intra-specific trait variation might be the
result from genetic diversity (Kothari et al.,, 2023), but also can be affected
by interaction with neighboring trees, light availability, and soil resources
variations at micro-scale level (Auger and Shipley, 2013; Pierick et al,,
2021). However, large intra-specific variation concerning drought
tolerance, which is shown in the dataset (Figure 9) can indicate an
undiscovered potential to obtain specific ecotypes and genotypes with an
unusually high tolerance for the species, which can then be selected in
order to increase the capacity of tolerance, which should be further
explored (Sjoman et al., 2024). The ecotypic variation may impose
challenges in species selection, which brought differences in growth
performances, stress-tolerances, and adaptation to the specific
environmental conditions (Westerband et al., 2021; Zhu and Xu, 2021).
To address these challenges, researchers often need to conduct extensive
field trials and genetic studies to identify the most suitable ecotypes for
specific conditions. This approach helps in selecting plant varieties that
are well adapted to the local environment as indicated by Van den Berg
etal. (2017). However, it is one of the major challenges yet addressed in
this study and needs to be in future research.

5 Conclusion

This study demonstrates the use of both the eco-morphological
characteristics of trees and quantitative functional trait analysis for

(B) Arba Minch.
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UST selection. A framework analysis was employed to identify 25
native, medium-sized, and non-poisonous tree species (11 for Addis
Ababa city and 14 for Arba Minch city) using tree eco-morphological
traits as a main screening criterion. In the context of UST tree
selection, it is crucial to consider the potential of proposed species to
adapt to the challenging street ecology and the impact of future
climate risks. The observed trade-off between conservative and
acquisitive traits in this study highlights the relevance of functional
traits in relation to the plant economic spectrum theory and Grime’s
plant adaptation theory. The consistency between the PCA-based and
Grime’s CSR classifications demonstrates the specialization of the tree
species sampled into different adaptation strategy functional groups,
mainly stress-tolerant and competitor groups. Species classified as
Type I species according to PCA and stress-tolerant species may have
a higher potential to survive the stressful urban street ecologies. Trees
in both cities showed significant differences in most of the functional
traits, indicating that the sampled species respond differently to the
same stresses. Consequently, trees exhibiting higher conservative and
drought-tolerant traits, such as higher leaf dry matter content
(LDMC), leaf mass per area (LMA), and leaf turgor pressure loss point
(LTPLP) are more likely to adapt to the harsh street environment.
Conversely, species with higher conservative traits, such as leaf area
(LA), specific leaf area (SLA), and leaf water content (LWC), are more
likely to provide higher ecosystem services and are suitable in
low-stress areas such as urban parks and gardens. The most significant
discrepancy to be addressed in future studies is that some species
exhibited considerable intraspecific trait variation, which could
be attributed to eco-typic or phenotypic variation. This makes it
challenging to interpret the results in the context of urban stress
adaptation. Furthermore, this research represents the inaugural study
on urban street selection and a functional trait-based approach to
species selection in the Ethiopian context. It could serve as a valuable
reference for future research as well as for the practice. Nevertheless,
we are keenly aware of the necessity for further research, encompassing
field-level studies and experimental investigations, to substantiate our
findings and enhance urban tree resilience. There is also a need to
expand the field of study towards other cities with different
eco-climatic conditions than in the study areas.
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FIGURE A1

Framework analysis to select the potential urban street tree selection for further functional trait based evaluation.
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FIGURE A2

The study area location; Addis Ababa, and Arba Minch, Ethiopia.

Frontiers in Sustainable Cities

19

frontiersin.org



https://doi.org/10.3389/frsc.2024.1451930
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

	A functional trait-based assessment of urban street tree selection for Ethiopia
	1 Introduction
	2 Methodology
	2.1 Study area description
	2.2 Urban street tree selection process
	2.3 Measurement of leaf and wood functional traits
	2.4 Data analysis

	3 Results
	3.1 Correlation between functional traits
	3.2 PCA, and grimes CSR plant adaptation theory based classification
	3.3 Interspecific functional trait variation among species

	4 Discussion
	4.1 Linking plant functional adaptation to urban street ecosystem
	4.2 The eco-morphology feature for potential USTs selection
	4.3 Trait to-trait correlation of the potential USTs
	4.4 Functional groups of the species and adaptation to urban environment
	4.5 Inter-specific trait variation
	4.6 Intra-specific trait variation and eco-typic variation as challenge selection

	5 Conclusion

	References

