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Abstract: Planting multifunctional trees (e.g., fruit species) in cities can promote genetic conservation,
economic activity, ecosystem services, and social cohesion. However, in Indonesia, the relation-
ship between the abundance of fruit tree species and different city characteristics, including their
involvement in the national smart city project, is still unknown. In this study, published reports
and field surveys were used to evaluate the fruit tree distribution and its relationship with the
characteristics of 224 of 514 Indonesian cities in order to identify tree species for multifunctional
city greenery. This is the first study on the distribution of fruit tree species at the national level. The
study identified 151 fruit species of 90 genera and 40 families, including large-sized fruits, such
as avocados, breadfruit, coconuts, durians, jackfruit, and mangos. On average, cities contained 54
tree species, of which 21 (38.9%) were fruit trees. These findings indicate that cities are important
contributors to the genetic conservation of local fruit trees, which can be further evaluated as new
city greenery. However, a city’s involvement in the smart city project bore no relationship (p > 0.05)
with the number of identified fruit species. Conversely, non-fruit species tended to be more diverse
in smart cities. Since the presence of fruit species is associated with the city population, geographic
position, climate, altitude, and attitude towards the fragility of sustainable conservation, introducing
and maintaining these species as city greenery requires advocacy to city stakeholders.

Keywords: city characteristic; city vision; fruit tree; genetic conservation; hazard level; tropical city

1. Introduction

Cities in developing countries are the most dynamic landscapes due to rapid changes
in urbanization, demographics, economic activities, and land use [1–4]. In Indonesia, the
urbanization rate is approximately 20–40% per annum [3], leading to increasing issues in-
volving the environment, sustainable landscape, and food and nutrition security, especially
for the poor. In such situations, trees, as soft elements of the city landscape, can be viewed
from a broader perspective as providing not only aesthetic and ecological functionality but
also ecosystem services, city identity, and nutrition for the community.

On the other hand, there is an increasing trend in city development to adopt the
smart city concept, including in Indonesia. The Indonesian government has mandated the
implementation of the smart model in 100 cities by 2045 [5,6], an initiative that began in
2011 [7]. The smart city is a global concept that has been widely adopted by city planners
to address the complexity of urban areas [8,9]. In this concept, cities utilize real-time
information and communication technologies (ICT) to unify governance, people, and city
resources for the betterment of their social climate, economy, environment, and living
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standards [9–12]. Nevertheless, a substantial critique of the model is how nature and city
stakeholders benefit [12]. In Indonesia, residents are hopeful that city managers will plant
multifunctional trees, especially fruit trees that provide food.

Therefore, there is still room for improvement in the smart city model [8,9,12]. Cities
can evolve along different pathways depending on their resources and citizenry. Angelidou
et al. [13] recommended harmonizing the smart city with local heritage. In this context,
the Indonesian smart city should be in harmony with the Indonesian vision, particularly
in relation to biodiversity conservation [14], food security [15], and cultural heritage [16].
As in some other countries, many Indonesians imagine cities as miniature versions of
paradise, i.e., cities flourishing with evergreens, flowers, and fruits, rich in biodiversity
and in ecological harmony [17,18]. This vision is inspired by the country’s status as a
reservoir of “mega genetic resources”, as it consists of more than 17,000 tropical islands [14].
The long history of peoples’ association with these genetic resources has fostered their
economic, socio-cultural, and ecological perspectives [14]. However, incorporating the
Indonesian vision into the smart city model is not simple because, to some extent, there is
still a gap between the local and national levels of the policy (see Vujanovic [19]).

Fruit tree species (FTS) in the city can be viewed as multifunctional greenery because
they provide nutrients, ecosystem services, social cohesion, and genetic conservation. FTS
are available sources of minerals and functional food [20,21]. Arifin et al. [22] reported
that the average fruit consumption in Indonesia is 18.8 kg per capita per annum. Due to
limited access to the market, the consumption rate is 27% of the global recommendation,
which is about 70 kg. Moreover, FTS support birds [23,24] and serve other ecological
functions [24–29]. According to Fadrikal et al. [30] and Ghifari et al. [23], of 27 songbird
species found in Indonesian parks, 41–67% are insectivores, 7% are nectarivores, 14–19%
are graminivores, and 11–33% are omnivores. Birds are cultural attractants for Indonesian
parks because listening to bird song is a form of mental healing [31,32]. Despite these
benefits, the abundance of FTS, especially underutilized FTS, has tended to decline in both
rural and urban areas for complex reasons [33–35]. In Indonesia, genetic conservation of
trees is mainly forest-based and community-based in that they are relatively vulnerable
due to agricultural intensification, logging, fire, and lack of economic incentives [35–38].
There is a need for an initiative to conserve FTS resources, such as the introduction of
multifunctional greenery to urban areas. According to Pratama et al. [35], compared to
rural society, urban communities have a greater appreciation for underutilized fruits in
terms of their use and economic incentives.

Although planting FTS is not a new practice in Indonesian cities [33,34], many pros
and cons remain. In some developed countries, planting FTS in the city is a good initia-
tive for stimulating societal relationships, ensuring adequate nutrient consumption, and
increasing species awareness for conservation [39–43]. According to Colinas et al. [43],
expansion of FTS into public areas promotes the bonding of families and friends, provides
inexpensive food for the community, and improves pro-environmental actions. In devel-
oped countries, the introduction of FTS to the city has been supported by wide public
participation through Android apps developed by local governments, such as Fruitmap,
and open databases that assist in fruit tree selection based on risk assessment [40,41,44,45].
On the other hand, Indonesia still lacks a formal city policy on the adoption of FTS. The
disadvantages mainly arise from the fact that many tropical trees have very large fruits,
such as breadfruit, coconuts, durians, and jackfruit [46]. Moreover, limited information on
species safety, agroecological suitability, and productivity has prompted lengthy debates
among horticulturists and city planners before the formal adoption of an FTS introduction
strategy. In particular, city planners require an understanding of tree characteristics related
to horticulture, hazards, and advantages before establishing urban greenery [47,48].

In this study, a metapopulation evaluation was conducted on Indonesian city land-
scapes. Tree species were evaluated to map their current distribution for a better un-
derstanding of the utilization and conservation of FTS biodiversity and the attendant
restoration activities, as stated by Lepczyk et al. [49]. The distribution of fruit species was
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evaluated in relation to the Indonesian city’s agroecology, its position relative to Wallace’s
Line, city population, and city vision, with the goal of enriching the smart city model with
multifunctional FTS trees. The data in the presented FTS list can be used as a reference for
city stakeholders in other tropical cities.

2. Materials and Methods
2.1. Study Design

The data were collected from April to October 2019 from all 34 Indonesian provinces.
Data collection was performed in two steps (Figure 1). The first step was collecting data on
FTS distribution through a literature review (Figure S1). Publications related to fruit tree
species in Indonesian cities as of 2019 were obtained through online searches in GARUDA
(http://garuda.ristekbrin.go.id (accessed on 5–15 April 2019)), the main Indonesian jour-
nal database, and Science Direct (https://www.sciencedirect.com (accessed on 20 April
2019)). The searched keywords were “park vegetation”, “open green space”, “urban forest”,
“flora identity”, “city landscape”, and “fruit tree”, in combination with the city name or “In-
donesia”. The search resulted in 194 prospective reports. The reports were further screened
to identify tree species on roadsides and in city parks, urban forests, community forests,
and city gardens; studies performed in nurseries were excluded. A total of 44 reports were
retained, encompassing 36 cities with their tree species [50–93].
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Figure 1. Study sites (shaded areas), island group, and Wallace’s Line in Indonesia.

Second, tree species on roadsides and in city parks were identified by means of a car
survey (Figure 2). Two methods were used for the car survey: an indirect method using
“Instant Google Street View-GSV” (www.instantstreetview.com (accessed on 2 May–2 October
2019)) [94] and direct field survey methods; all methods are listed in Table S1. Before the
survey, cities in a province representing different altitudes were mapped and sampled. Tree
images for species identification were collected from primary, secondary, and tertiary road
segments (Figure 2). The roads were classified as described by Pandey and Lalamentik [95].
Highways were excluded from sampling. The survey route formed circles, starting from
one road and returning by an alternate route. For large cities, such as Jakarta, Tangerang,
and Surabaya, the routes comprised five or more circles (Figure 2A). Trees on private
property were recorded if their growth encroached on pedestrian walkways or city parks
(Figure 2B). To minimize sampling bias due to larger areas in some surveys, which are

http://garuda.ristekbrin.go.id
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naturally expected to have more species than smaller areas, the sampling areas of road
segments were predetermined, and the length of each road segment was about 7–10 km.
First, the GSV survey was performed. We excluded cities without street images, sites
where imagery was out of date (dated before 2016), and sites where tree images were not
clear. In total, we successfully evaluated 160 cities using GSV. The remaining 28 cities were
evaluated using direct field surveys.
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Figure 2. Assessment flow illustration in a small and large city (A) and scope of tree identification (B). Trees growing next
to the main road (Type 1), growing along a pedestrian path (Type 2), having a canopy bending toward a pedestrian path
(Type 3), growing outside the road line but with a twig bending over the road or pedestrian path (Type 4), and growing on a
road island (Type 5) were recorded.

2.2. Tree Data

Our initial list of fruit species in Indonesia is in accordance with references [46,96–98].
A fruit tree is defined as a self-standing or climbing perennial that produces edible
fruit/nuts/beans, consumed either fresh or after cooking, with a height of three me-
ters or more in nature. The studied fruit trees included legume trees, such as jengkol
(Archidendron jiringa) and petai (Parkia speciosa), trees with edible nuts in the Arecaceae
family, climbing vines (Passiflora edulis and members of the Vitaceae family), and pineapple
(Ananas comosus). Cucurbitaceae, palm oil, and Zingiberaceae were excluded.

Tree species listed in a report for a particular city were adopted as is, while those
found during car surveys were identified based on the leaf, flower, fruit, stem, and canopy
morphologies [46,96]. Unidentified species were captured as images and identified by
experts at IPB University, Bogor, Indonesia. The number of individual species was not
counted due to technical difficulties.

Potential hazards and the conservation status of the tree species were obtained from
references [46,96–98] and the Urban Forest Ecosystems Institute (https://ufei.calpoly.edu
(accessed on 10 April 2020)). The hazard criteria were in accordance with Mukhlison [99]
with modification; eleven criteria were used, i.e., drop rate of young fruit, dropped fruit
causes slippery conditions, tree canopy/leaves have thorns, stems have thorns, fallen
leaves cause serious injury, rolling distance of dropped fruit, the ease with which mature
fruit drops, visibility of fruit, fruit has thorns, hardness of fruit, and fruit size. Hazard
scores of 1, 3, and 5 were assigned according to the nature of the tree and the incremental

https://ufei.calpoly.edu
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level of risk (Table S2). For example, stems without thorns received a score of 1, those with
a few thorns received a score of 3, and those with many thorns received a score of 5. Total
scores of <22, 22–33, 34–44, and >44 correspond to hazard levels of 1 (very low), 2 (low),
3 (medium), and 4 (high hazard), respectively.

2.3. City Data

A “city” is defined as central to a municipality (Kota in Indonesia) or regency (Kabu-
paten). The study involved 224 out of 514 cities in Indonesia (Table S3). The term
“city” refers to a “city proper” according to the United Nations [100]. The evaluated
city characteristics were its involvement in the smart city project [5,6], geographic position
(Java/outside Java, altitude, climatic zone, island group, province), location relative to
Wallace’s Line [101,102], city size, and city vision. According to Bacon et al. [102], Wallace’s
Line represents geological and climatic history, separating Indonesian flora into three
groups: Java, Sumatera, and Kalimantan regions are the first group; Sulawesi, Maluku,
Bali, and Nusa Tenggara regions are the second group, and Papua is the third group
(see Figure 1). The biogeography of Wallace’s Line has attracted the attention of many
researchers because of the differences in species diversity due to long geological processes
and differences in the interactions of civilizations between regions [101–104].

City size was classified as small, medium, large, metropolitan, or megapolitan, cor-
responding to population sizes of 50–100 K, 100–500 K, 500 K–1 M, 1–5 M, and >5 M,
respectively. City visions were derived from their designation or motto as described in offi-
cial websites and Wikipedia entries (https://id.wikipedia.org (accessed on 10 Oct 2019)). In
this context, a city vision is an inspirational statement that reflects city resources, the focus
of services, the focus of development, desired atmosphere, and future aspirations for all
relevant stakeholders. In cases where a city had more than one motto, such as Yogyakarta,
we selected the most prominent one by subjective judgment. Cities without a vision or
a vision that was difficult to categorize were classified as cities with an unclear vision.
City visions were grouped into nine categories: agrarian, business, cultural, educational,
heritage, industrial, touristic, and unclear vision.

Ecological data, including altitude, precipitation, rivers, and wind velocity, were obtained
from the Statistical Bureau of the relevant regency or municipality (http://www.namecity.bps.go.id).
These data were collected to determine the land suitability for growing fruit species [105].
City altitude was classified as low (LA; 0–600 m) or high (HA; 601–1500 m), referring
to the classification of Junghuhn [106]. Monthly precipitation (MP) was grouped into
wet (MP > 100 mm) and dry months (MP < 60 mm), and then the cities were classified
according to the Q ratio (dry to wet months) based on the Schmidt–Ferguson climate
classification [107]. Cities with Q < 1 were defined as wet cities (A+B+C+D climate zones),
and those with Q > 1 were designated as dry cities (E+F+G climate zones). Tree species
and city distribution data were plotted in quadrants defined by city altitude (low/high)
and climatic classification (wet/dry).

2.4. Data Analysis and Limitations

Data were analyzed using ANOVA (F test), with the number of FTS found in a city as
the dependent variable against city characteristics as independent variables, and variables
with significant effects were further tested using the Tukey test at a 95% confidence level
(p < 0.05). In some cases, additional testing using p < 0.1 was performed to explore the
“tendency of the effect”. Correlation among bivariate variables of city characteristics
(e.g., smart city project, Java/outside Java, Wallace’s zone, altitude, climatic zone, city
population, city vision, island group, province) was evaluated using the Pearson test.
In this statistical test, for example, the nine city vision categories were transformed into
numerical categories (Table S3). If the Pearson test of the bivariate variables was significant
(p value ≤ 0.05), the absolute correlation value of 0.10–0.30, 0.31–0.50, and 0.51–1.00 were
categorized into the strength of association as weak, medium, and strong correlation,
respectively (https://statistics.laerd.com (accessed on 16 June 2021)).

https://id.wikipedia.org
https://statistics.laerd.com
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A multiple regression analysis was conducted to evaluate the effect of city charac-
teristics on the number of tree species, in accordance with Khamis et al. [108]. The test
included variables of city categories that contributed significantly to the number of FTS
and independent after performing the bivariate correlation test. Durbin-Watson test was
used to detect autocorrelation; autocorrelation is commonly used to detect randomness in
data (https://www.ncss.com (accessed on 16 June 2021)). All statistical analyses were per-
formed using Minitab 14 software (Minitab LLC, State College, PA, USA). A discussion with
experts was carried out at Bogor on 8–9 November 2019 and involved 24 horticulturists,
city authorities, and urban planners.

3. Results
3.1. Species Distribution, Status, and Potential Hazards

Among the 224 studied cities, 151 fruit tree species (FTS) of 90 genera and 40 families
(Table S4) were identified, accounting for approximately 75% of the 203 fruit tree species
recorded in Indonesia [46,96–98]. Anacardiaceae, Moraceae, and Fabaceae species were the
most prevalent, with 17, 13, and 11 species, respectively (Figure 3). Based on the frequency
distribution, the FTS were grouped into four categories: very common (18 species), common
(18 species), less common (32 species), and rare (83 species) (Table S4). Twenty-five species
were found in a single city, indicating that these species may be specific to a given location.
According to species status, 31 species were classified as commercial, 80 species were
endangered, and 40 species were rare.
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The number of FTS was not evenly distributed among cities, provinces, or islands. In a
given province, the minimum number of FTS species was 2–31, and the maximum number
was 15–46, with an average of 11.7–35.2 species (Table 1). In cities, the proportion of FTS
relative to total tree species ranged from 29.49% to 54.16%. Surakarta City had the most FTS
(46 species), while Blangkejeran-Gayolues Regency had the fewest (2 species) (Table S6).
The genetic diversity of FTS in cities and provinces is still unknown, as this parameter
was not measured in the present study. The variation in the FTS number between cities
may be due to differences in city land area or sampling effects [109,110]. City sizes in
Indonesia range from 16 to 45,075 km2. In the absence of human intervention in planting,
according to Hill et al. [110], the sampling effect applies to species that are distributed
randomly, so more species are recorded in large areas according to the law of probability. A
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future study on the FTS distribution in a city to determine whether it follows ecological or
non-ecological processes could provide clarification on this issue.

Table 1. Number of fruit and total tree species identified in Indonesian cities by province.

Region No. Province Z
Fruit Tree Species Total Tree Species Fruit Species (%)

Min Max Avg. Min Max Avg. Min Max Avg.

Sumatera 1 Aceh 2 31 12.5 10 74 31.2 20.0 41.9 30.74
2 Bengkulu 13 39 30.3 36 88 68.9 36.1 50.6 43.64
3 Jambi 22 34 26.7 53 74 63.5 35.1 50.0 42.08
4 Babel 16 44 32.9 47 90 73.4 34.0 52.9 44.28
5 Kepri 7 35 18.8 33 62 45.3 21.2 56.5 38.05
6 Lampung 27 43 34.1 65 99 82.7 33.3 48.9 41.49
7 Riau 5 24 19.0 18 94 48.9 23.4 48.6 40.17
8 Sumbar 19 31 27.4 48 75 63.2 38.6 56.9 43.80
9 Sumsel 22 42 34.8 57 93 80.4 38.6 48.0 43.15

10 Sumut 17 31 24.5 47 72 59.0 33.3 51.9 41.65
Java 11 Banten 24 46 35.2 71 105 89.0 33.8 46.9 39.23

12 DIY 31 37 33.6 74 90 80.8 36.7 44.0 41.72
13 DKI Jakarta 18 26 22.2 54 82 65.2 31.6 37.1 34.16
14 Jawa Barat 20 45 31.2 65 104 77.1 25.0 46.3 40.47

15 Jawa
Tengah 16 46 25.8 55 120 69.7 27.4 44.3 36.84

16 Jawa Timur 22 34 27.5 56 101 74.7 28.4 42.0 37.06
Bali 17 Bali 9 35 17.4 18 78 46.4 23.7 50.0 37.90
Kalimantan 18 Kalbar 21 31 27.0 53 72 59.0 39.6 53.6 45.83

19 Kalsel 11 23 19.0 23 55 41.0 36.4 52.4 47.21
20 Kaltara 3 19 11.0 17 54 36.3 17.6 35.2 28.77
21 Kalteng 6 20 16.0 29 58 46.6 20.7 38.5 33.34
22 Kaltim 9 28 17.4 44 139 63.0 16.5 50.0 29.49

Sulawesi 23 Gorontalo 5 15 10.7 18 44 30.3 27.8 41.4 34.42
24 Sulbar 5 16 11.7 13 37 27.0 38.5 45.2 42.29
25 Sulsel 14 32 24.0 49 69 56.5 26.4 65.3 43.17
26 Sulteng 8 19 13.3 21 28 24.0 38.1 67.9 54.16
27 Sultra 10 23 16.5 25 76 43.8 30.3 47.4 39.82
28 Sulut 7 15 12.0 25 32 27.3 21.9 60.0 45.96

Maluku 29 Maluku 8 31 16.8 28 112 57.8 21.1 50.0 31.29

30 Maluku
Utara 3 19 11.3 11 46 32.8 27.3 45.2 33.01

Nusa
Tenggara 31 NTB 9 18 12.4 27 44 34.6 25.0 52.9 36.53

32 NTT 10 30 17.9 23 84 46.5 19.0 60.0 43.79
Papua 33 Papua 6 21 12.8 19 49 32.3 20.0 60.0 40.53

34 Papua
Barat 10 19 15.6 35 76 48.4 25.0 41.5 33.26

Indonesia 12.8 29.5 21.1 37.3 75.8 53.72 28.6 49.5 39.4
Z Babel—Kepulauan Bangkabelitung; Kepri—Kepulauan Riau; Sumbar—Sumatera Barat; Sumsel—Sumatera Selatan; Sumut—Sumatera
Utara; DIY—Daerah Istimewa Yogyakarta; Kalbar—Kalimantan Barat; Kalsel—Kalimantan Selatan; Kaltara—Kalimantan Utara; Kalteng—
Kalimantan Tengah; Kalsel—Kalimantan Selatan; Sulbar—Sulawesi Barat; Sulsel—Sulawesi Selatan; Sulteng—Sulawesi Tengah; Sultra—
Sulawesi Tenggara; Sulut—Sulawesi Utara; NTB—Nusa Tenggara Barat; NTT—Nusa Tenggara Timur.

The distribution of FTS in cities is unlikely to be a consequence of a systematic con-
servation program. However, according to the Homeland Ministry [111], each city should
develop iconic flora as part of a strategy to promote economic development, culture,
identity, and genetic conservation. According to this regulation, cities within a province
are mandated to maintain iconic province species and iconic regency/municipal species.
FTS have been adopted as iconic species in 10 of 34 provinces (29.4%) and 55 of 514 re-
gencies/municipalities (10.7%), but only 43 species were unique to a city because some
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cities adopted similar species (Table S5). In this regard, national policy on tree species
conservation programs needs to be strengthened.

In most capital cities of provinces (6 of 10 provinces) and capital cities of regen-
cies/municipalities (32 of 55 cities), iconic FTS were located along roadsides or in city parks
(data not shown). The remaining trees were planted in special conservation sites or on
farmlands. Interestingly, statues of iconic fruits were built in the absence of living trees in
many cities, such as Jakarta, Subang, and Malang Cities, with snake fruit, pineapple, and
apple, respectively. The hazardous nature of spiny trees such as snake fruit and pineapple
might lead some local governments to plant these particular species at conservation sites.
According to Mukhlison [99], Stelechocarpus burahol, as the iconic species in Yogyakarta
city, was absent from roadsides and city parks but found in 30% of urban forest sites.
Syahadat et al. [109] found that starfruit, the city icon for Depok-West Java, was only found
in Pancoran Mas Park and absent from other parks. In the present study, Bogor City was
found to contain the iconic canary nut (Canarium vulgare Leenh.) on the roadsides of almost
all roads. Approximately 90% of noniconic FTS were found on roadsides, road islands,
and city parks. These trees grew large-sized fruits such as avocados, breadfruit, cainitos,
coconuts, guavas, jackfruit, mangos, papayas, soursops, and sweetsops (Table S4). In sum,
the decision to plant iconic and noniconic species in cities appears to be voluntary.

The presence of large-sized fruits along roadsides was notable in some cities, such
as Jakarta and Surabaya (Figure 4). The hazard scores based on criteria for fruit and tree
characteristics were classified into three levels (Figure 5). However, the hazard level, as
an accumulation of criterion scores, revealed that no species was categorized as a high
hazard (Level 4) (Table S2). Based on fruit characteristics, the main hazards were rolling
fruit (>2 m), fruit-caused slips, and falling fruit, represented by 67, 49, and 16 species,
respectively. There were 70 nonhazardous FTS species (Level 1), 76 low-hazard species
(Level 2), and 5 medium-hazard species (Level 3). All species in the Durio genus that
produced sharp spiny fruit were grouped into Level 3. Some species belonging to Level 2
had total assessment scores close to Level 3, such as all Arthocarpus and all Mangifera spp.,
avocados, coconuts, cocoas, pomelos, and snake fruit.
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of fruit species. Hazards labeled “*” can be minimized through horticultural techniques.

Large-sized fruits can endanger motorbike and car passage, but some citizens take
action to minimize the hazards of falling fruit. Fruit drop is stimulated by physiological and
environmental factors [112] but can be manipulated [113]. Betawinese residents of South
Jakarta harvest young coconuts for beverages before they drop naturally at the mature
stage. In Bogor City, the Sundanese use ropes to secure durian fruit, a 1–6 kg fruit with
very sharp thorns on the skin, when they are young to protect against free fall. Balinese
people in Bangli harvest young jackfruit along Kintamani Street to make lawar, a special
Balinese dish similar to gudeg in Yogyakarta; as a result, not many young fruit drop. These
practices can explain why trees producing large-sized fruit still exist in some cities. It is
unknown how locals protect falling fruits from disease and pests, including fruit-eating
rodents [114].

3.2. The Smart City Project and City Characteristics

Indonesian cities vary in the characteristics defined in this study (Table 2), and five out
of nine characteristics affected the abundance of FTS (p of F test < 0.05). These characteristics
are related to geographic distribution (Java vs. non-Java, Wallace’s Line zone, altitude,
island group, and province group). City involvement in the smart project and city vision
had no significant correlation with the number of fruit species in the region, although smart
cities tended to have a higher number of FTS (p < 0.100). Conversely, involvement in the
project increased the number of non-FTS and total tree species planted (p < 0.005). The
low correlation between FTS and smart cities needs further study. It is possibly due to the
limited number of cities evaluated in the present study (67 of 100 cities), of which 56.71%
were located in Java. Limited coverage of the studied road segments in particular cities or
diversity in agroecology (precipitation, altitude, flooding, etc.) are other possible factors.
Faeth et al. [115] proposed the context of a human-controlled strategy to understand the
plant species abundance in urban areas. It would be interesting to evaluate the perceptions
of city authorities in terms of FTS abundance in future work.
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Table 2. Average number of tree species in a city according to city characteristics.

Characteristic Code City Group (Total City)
Average Tree Species Counts z

Fruit Non-Fruit Total

Smart project involvement 1 Smart city (n = 67) 24.9 a 41.5 a 66.4 a

2 Non smart (n = 157) 22.4 ab 33.5 b 55.9 b

p-value y 0.080 0.000 0.002

Java-outside Java 1 Java (n = 62) 28.6 a 46.3 a 74.9 a

2 Outside Java (n = 162) 21.0 b 31.8 b 52.9 b

p-value 0.000 0.000 0.000

Wallace’s zone 1 Western (n = 171) 25.7 a 39.4 a 65.2 a

2 Eastern (n = 53) 14.8 b 24.5 b 39.3 b

p-value 0.000 0.000 0.000

Altitude 1 Low (n = 210) 23.5 a 36.2 a 59.9 a

2 High (n = 14) 16.9 b 31.4 a 48.3 a

p-value 0.014 0.248 0.065

Climatic zone 1 A (n = 132) 22.3 a 33.5 b 55.9 ab

2 B (n = 28) 25.4 a 42.6 a 67.9 a

3 C (n = 28) 25.4 a 42.9 a 68.1 a

4 D (n = 19) 24.7 a 38.2 ab 62.9 ab

5 E (n = 9) 22.3 a 32.9 a 56.1 ab

6 F (n = 4) 17.0 a 28.8 bc 45.8 ab

7 G (n = 2) 13.5 a 11.0 c 24.5 b

p-value 0.241 0.248 0.065

City population 1 Megapolitan (n = 5) 22.2 a 43.0 ab 65.2 ab

2 Metropolitan (n = 8) 24.4 a 45.1 a 69.5 ab

3 Large (n = 17) 27.4 a 45.2 a 72.6 a

4 Medium (n = 50) 23.2 a 38.3 ab 61.5 ab

5 Small (n = 144) 22.6 a 33.2 b 55.9 b

p-value 0.421 0.002 0.020

City vision 1 Education (n = 10) 32.8 a 49.5 a 82.3 a

2 Tourism (n = 64) 21.7 b 34.8 b 56.5 b

3 Heritage (n = 19) 22.3 b 33.2 b 56.3 b

4 Culture (n = 39) 24.4 ab 35.4 ab 59.8 ab

5 Business (n = 32) 22.1 b 35.7 ab 57.5 ab

6 Agrarian (n = 23) 21.7 b 32.3 b 53.9 b

7 Religious (n = 21) 23.8 ab 41.1 ab 64.9 ab

8 Industrial (n = 6) 23.8 ab 39.0 ab 62.8 ab

9 Undefined (n = 7) 25.4 ab 32.0 b 57.4 ab

p-value 0.094 0.090 0.066

Island group 1 Java (n = 62) 28.6 a 46.3 a 74.9 a

2 Sumatera (n = 78) 26.4 ab 36.6 b 63.2 b

3 Kalimantan (n = 26) 18.2 b 33.4 b 51.6 bc

4 Sulawesi (n = 20) 15.3 b 21.1 c 36.4 c

5 Maluku (n = 8) 14.0 b 31.3 bc 45.3 c

6 Papua (n = 13) 13.9 b 24.6 bc 38.5 c

7 Bali (n = 5) 17.4 b 29.0 bc 46.4 bc

8 NTB (n = 5) 12.4 b 22.2 bc 34.6 c

9 NTT (n = 7) 17.9 b 28.2 bc 46.5 bc

p-value 0.000 0.000 0.000
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Table 2. Cont.

Characteristic Code City Group (Total City)
Average Tree Species Counts z

Fruit Non-Fruit Total

Province group 1 Banten (n = 6) 35.2 a 53.8 a 89.0 a

2 DKI Jakarta (n = 5) 22.2 bc 43.0 b 65.2 ab

3 Jawa Barat (n = 13) 31.2 ab 45.9 b 77.1 a

4 Jawa Tengah (n = 17) 25.8 b 43.9 b 69.7 b

5 DIY (n = 5) 33.6 ab 47.2 b 80.8 a

6 Jawa Timur (n = 16) 27.5 ab 47.2 b 74.7 a

7 Aceh (n = 8) 12.5 c 20.3 c 31.2 c

8 Sumut (n = 11) 24.6 b 34.5 b 59.0 bc

9 Sumbar (n = 9) 27.4 ab 35.8 b 63.2 b

10 Riau (n = 8) 19.0 bc 29.9 bc 48.9 bc

11 Kepri (n = 4) 18.8 bc 26.5 bc 45.3 bc

12 Jambi (n = 6) 26.7 ab 36.8 b 63.5 b

13 Bengkulu (n = 8) 30.3 ab 38.6 b 68.9 b

14 Sumsel (n = 10) 34.8 a 45.6 b 80.4 a

15 Babel (n = 7) 32.9 ab 40.6 b 73.4 ab

16 Lampung (n = 7) 34.1 a 48.6 b 82.7 a

17 Kalbar (n = 5) 27.0 ab 32.0 bc 59.0 bc

18 Kalteng (n = 5) 16.0 c 30.6 bc 46.6 bc

19 Kalsel (n = 4) 19.0 bc 22.0 bc 41.0 bc

20 Kaltim (n = 8) 17.4 bc 45.6 b 63.0 b

21 Kaltara (n = 4) 11.0 c 25.3 bc 36.3 c

22 Sulsel (n = 4) 24.0 b 32.5 bc 56.5 bc

23 Sultra (n = 4) 16.5 c 27.3 bc 43.8 bc

24 Sulbar (n = 3) 11.7 c 15.3 c 27.0 c

25 Sulteng (n = 3) 13.3 c 10.7 c 24.0 c

26 Sulut (n = 3) 12.0 c 15.3 c 27.3 c

27 Gorontalo (n = 3) 10.7 c 19.7 c 30.3 c

28 Maluku (n = 4) 16.7 c 41.0 b 57.8 bc

29 Maluku Utara (n = 4) 11.3 c 21.5 bc 32.8 c

30 Papua (n = 8) 12.8 c 19.5 c 32.3 c

31 Papua Barat (n = 5) 15.6 c 32.8 bc 48.4 bc

32 Bali (n = 5) 17.4 bc 29.0 bc 46.4 bc

33 NTB (n = 5) 12.4 c 22.2 bc 34.6 c

34 NTT (n = 7) 17.9 bc 28.2 bc 46.5 bc

p-value 0.000 0.000 0.000
z Values in a column of a particular category followed by different letters are statistically different according to the Tukey test at 95%
confidence level (p ≤ 0.05); y From ANOVA (F test).

Cities located in Java had higher numbers of FTS than those outside Java (28.6 vs.
21.0) (p = 0.000; Table 2), irrespective of their involvement in the smart city project. Cities
outside Java, with the exception of those in Sumatera, had 12.4–18.2 fruit species. Cities in
Sumatera had 8.2–14.0 FTS, more than the other islands outside Java. Cities in Papua and
West Nusa Tenggara islands had low numbers of FTS (13.9 and 12.4 species, respectively).

Cities in the western zone contained higher numbers of tree species (FTS and non-FTS)
than those in the eastern zone (Table 2), which agrees with the floristic characterization
based on Wallace’s Line described by previous authors [101,102]. Wallace’s Line separates
the Indonesian islands into western and eastern zones [102]. In the western zone, high
species numbers were identified in Java and Sumatera Islands, which are well known
as humid tropical regions [116]. On the other hand, low numbers of tree species in the
eastern zone are presumably due to the low precipitation in cities in Sulawesi, Maluku, and
West Nusa Tenggara islands. Van Welzen et al. [101] noted that the zone west of Wallace’s
Line has a humid climate, in contrast to the dryer eastern zone. Although we hypothesize
that Wallace’s zoning has contributed to differences in FTS between cities, it is difficult
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to determine whether it is the only cause. Indeed, some FTS are native to each bioregion
(Table S4). It is well known that FTS, especially those that are exotic or have high economic
value, have a strong relationship with human population migration between regions [102],
which is exemplified by food crops such as Araceae [104]. However, for horticulturalists,
Wallace’s zoning may be one consideration in planting FTS in a city. A more in-depth study
of FTS diversity based on Wallace’s zoning would be of interest.

In Indonesia, land suitability for growing perennial crops such as fruit species is
usually based on altitude and climatic class. Low altitude means higher average air
temperatures [106]. In the present study, cities located at lower altitudes (<600 m above
sea level) had a higher number of FTS than those at higher altitudes (23.5 and 16.9 species,
respectively; Table 2). Clustering cities based on climatic class yielded no significant
relationship with FTS (p = 0.241) but affected the number of non-FTS (p < 0.05) (Table 2),
although wetter cities (208 cities) had more FTS than dry cities (16 cities) (Table S3).

Figure 6 shows the studied cities distributed into four quadrants. Cities with a wet
climate at high altitude are in quadrant I, dry cities at high altitude are in quadrant II, dry
cities at low altitude are in quadrant III, and wet cities at low altitude are in quadrant IV,
corresponding to 11, 3, 13, and 197 cities, respectively. Plotting FTS according to cities’
precipitation and altitude data clustered FTS into six groups. Group 1 contains 61 FTS
that grow in the agroclimate of all cities. Group 2 represents 7 FTS that grow in cities of
quadrant I. Groups 3 (2 FTS) and 5 (38 FTS) have FTS that are exclusively found in cities in
quadrants III and IV, respectively. Group 3 contains Ficus carica (Moraceae) and Ziziphus
mauritiana Lam. (Rhamnaceae). Group 4 FTS are suitable for low-altitude cities (quadrants
III and IV) irrespective of precipitation, and Group 6 is suitable for wet cities (quadrants I
and IV), irrespective of altitude.

Sustainability 2021, 13, x FOR PEER REVIEW 13 of 24 
 

 
Figure 6. Quadrants with FTS and cities grouped according to altitude and climatic class. FTS mem-
bers are in Table S4, and city members are in Table S3. G—group. 

This grouping requires further evaluation because, among 224 cities, 55.36% were 
close to rivers, 55.36% were close to the coastline, and 27.68% (62 cities) were both coastal 
and close to a river (Table S3). Cities close to water bodies mostly have shallow water 
tables, for example, Simpangampek-Pasaman Barat Regency, Dumai City, Sendawar-Ku-
tai Barat Regency, Tanjung Selor-Bulungan Regency, and Kwandan-Gorontalo Utara Re-
gency. A combination of low altitude, the presence of a river, and an ocean waterfront 
rendered some cities prone to flooding during the rainy season, such as Banjarbaru, 
Bengkayang, Lamongan, Musibanyuasin, Pasuruan, Prabumulih, Samarinda, Singka-
wang, and Tangerang. These cities contained large numbers of coconuts, mangos, and 
mangroves (Bruguiera gymnorrhiza Lamk). 

The human population size had no correlation with the number of FTS, in contrast to 
the number of non-FTS, which increased from small to large/metropolitan cities (Table 2). 
The correlation between city population and FTS number was described by Santosa et al. 
[117]. If the cities are divided into small to large cities vs. metropolitan/megapolitan, the 
former contains higher numbers of fruit species than the latter (37–46 vs. 26–34 species). 
Out of 224 cities, 144, 50, and 17 are small, medium, and large, respectively. Eight metro-
politan cities are distributed among four islands: Java (Bandung, Yogyakarta, Semarang, 
Surabaya), Sumatera (Medan, Palembang), Sulawesi (Makassar), and Bali (Denpasar). All 
five megapolitan cities are in Greater Jakarta. Our hypothesis predicted that metropolitan 
and megapolitan cities planted more FTS due to the large problem of food security for the 
poor [22]. Here, it is noted that the low numbers of FTS in metropolitan/megapolitan areas 
were not related to any city characteristics, including city vision (p corr. = 0.066). Metro-
politan and megapolitan areas are commonly designated as business (58.33% of cities) and 
touristic cities (25.00% of cities). Limited land space for planting FTS and the risk posed 
by fruit falling due to the high daily mobility of people are other possible explanatory 
variables. 

Indonesian city visions were classified into nine categories: touristic (29.02%), cul-
tural (17.41%), business (14.73%), agrarian (9.82%), religious (9.38%), heritage (8.93%), ed-
ucational (4.46%), industrial (3.13%), and unclear vision (3.13%). The city vision tended to 
determine the number of FTS at p < 0.100 (Table 2). Among these visions, educational cities 

Figure 6. Quadrants with FTS and cities grouped according to altitude and climatic class. FTS
members are in Table S4, and city members are in Table S3. G—group.

This grouping requires further evaluation because, among 224 cities, 55.36% were
close to rivers, 55.36% were close to the coastline, and 27.68% (62 cities) were both coastal
and close to a river (Table S3). Cities close to water bodies mostly have shallow water
tables, for example, Simpangampek-Pasaman Barat Regency, Dumai City, Sendawar-Kutai
Barat Regency, Tanjung Selor-Bulungan Regency, and Kwandan-Gorontalo Utara Regency.
A combination of low altitude, the presence of a river, and an ocean waterfront rendered
some cities prone to flooding during the rainy season, such as Banjarbaru, Bengkayang, La-
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mongan, Musibanyuasin, Pasuruan, Prabumulih, Samarinda, Singkawang, and Tangerang.
These cities contained large numbers of coconuts, mangos, and mangroves (Bruguiera gym-
norrhiza Lamk).

The human population size had no correlation with the number of FTS, in con-
trast to the number of non-FTS, which increased from small to large/metropolitan cities
(Table 2). The correlation between city population and FTS number was described by
Santosa et al. [117]. If the cities are divided into small to large cities vs. metropoli-
tan/megapolitan, the former contains higher numbers of fruit species than the latter
(37–46 vs. 26–34 species). Out of 224 cities, 144, 50, and 17 are small, medium, and large,
respectively. Eight metropolitan cities are distributed among four islands: Java (Bandung,
Yogyakarta, Semarang, Surabaya), Sumatera (Medan, Palembang), Sulawesi (Makassar),
and Bali (Denpasar). All five megapolitan cities are in Greater Jakarta. Our hypothesis
predicted that metropolitan and megapolitan cities planted more FTS due to the large
problem of food security for the poor [22]. Here, it is noted that the low numbers of FTS
in metropolitan/megapolitan areas were not related to any city characteristics, including
city vision (p corr. = 0.066). Metropolitan and megapolitan areas are commonly designated
as business (58.33% of cities) and touristic cities (25.00% of cities). Limited land space for
planting FTS and the risk posed by fruit falling due to the high daily mobility of people are
other possible explanatory variables.

Indonesian city visions were classified into nine categories: touristic (29.02%), cultural
(17.41%), business (14.73%), agrarian (9.82%), religious (9.38%), heritage (8.93%), educa-
tional (4.46%), industrial (3.13%), and unclear vision (3.13%). The city vision tended to
determine the number of FTS at p < 0.100 (Table 2). Among these visions, educational cities
such as Bogor City and Malang City had the highest numbers of FTS, which accounted
for 66% or more of the total species. Educational cities are characterized by economic
activity that is stimulated by the high number of students and universities [118]. However,
Irwan et al. [32] speculated that the high propensity of academicians for leisure, gathering,
and studying in parks contributes to the large number of fruit species in educational cities.
However, it is difficult to confirm that educational cities substantially contribute to high
FTS abundance. City age could be another deterministic factor, because many educational
cities, such as Bogor, Malang, and Yogyakarta, are derived from capital cities of the ancient
Javanese Kingdom (around the 16–18th century; https://www.britannica.com (accessed
on 5 June 2021). It would be interesting to further evaluate the effect of city age on the
abundance of FTS. Industrial and religious cities had a tendency to contain high numbers
of tree species, although the total number of FTS was lower than that in educational cities
(Table 2). Industrial cities such as Cilacap, Cilegon, and Tangerang had 19–33 FTS (average
25.3 species) or 32.76–37.08% of total tree species. Industrial cities have higher levels of
air pollution [119], which is a possible constraint on FTS suitability. Single-factor analysis
using p < 0.10 revealed that seven out of nine city characteristics, excluding climatic zone
and city population, played an important role in explaining the abundance of FTS in the
city (Table 2).

The Pearson test showed 18 bivariate combinations exhibited significant correlation
(Table 3, above diagonal). Further evaluation using the Pearson test showed a strong
correlation between Java, island, province, and Wallace’s Line categories (p-value ≤ 0.007;
p-corr. ≥ 0.344). For the Pearson correlation value (below diagonal), an absolute value of
1 indicates a perfect linear relationship and a correlation close to 0 indicates no linear rela-
tionship between the bivariate variables. The strong correlation of the Java, island, province,
and Wallace’s Line categories seems the result of a nested effect in statistical analysis. The
linkage of these categories derived from the geographical component. Wallace’s Line was
the strongest predictor and selected as the primary factor to explain FTS abundance in this
study due to its importance from geological and climatic perspectives [101–103]. Further
information on Wallace’s Line is provided by Van Welzen et al. [101]. In conclusion, the
Java, island, and province were considered did not substantially contribute to the number
of FTS in this study.

https://www.britannica.com
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Table 3. Pearson correlation test between city categories for the number of fruit species in the city.

Category z Smart Java Island Province Wallaces’ Line Altitude Climate City pop. City Vision

Smart 0.000 0.001 0.000 0.007 0.476 0.028 0.000 0.872
Java 0.424 0.000 0.000 0.000 0.936 0.000 0.000 0.049

Island 0.214 0.549 0.000 0.000 0.640 0.077 0.002 0.243
Province 0.261 0.674 0.932 0.000 0.894 0.927 0.000 0.135
Wallaces’

Line 0.180 0.344 0.775 0.779 0.275 0.112 0.040 0.818

Altitude 0.048 −0.005 0.031 −0.009 0.073 0.341 0.379 0.131
Climate −0.147 −0.349 0.118 −0.006 0.106 0.064 0.896 0.356

City pop. 0.455 0.336 0.202 0.259 0.138 0.059 0.009 0.783
City Vision 0.011 −0.132 −0.078 −0.100 0.015 −0.101 −0.062 0.018

z Above the diagonal is the probability value, where p-value < 0.05 is a significant correlation; Below the diagonal is bivariate correlation
value indicating the strength of the correlation, absolute value 0.10–0.30 = weak, 0.31–0.50 = medium, 0.51–1.00 = strong.

A multifactorial analysis was conducted to understand the most prominent predictors
of the FTS distribution in Indonesian cities. Before the analysis, the city categories that
insignificant contribution to the number of FTS by single-factor analysis (e.g., climatic
zone and city population) and the nested categories (e.g., Java, island, province) were
excluded. Four categories were further tested, i.e., smart city involvement, altitude, city
vision, and Wallace’s Line (Table 4). The analysis revealed that city altitude and city
position relative to Wallace’s Line were the most prominent predictors of FTS distribution
in the city, as indicated by the larger constant value in the regression formula. Wallace’s
Line was also an important predictor of the number of non-FTS and total tree species in
a particular city. Indeed, the recommendation for selecting FTS based on the relation to
Wallace’s Line might provide more benefits for cities in Indonesia. However, given the
implications of the classification based on these lines, which also cover broad geological
processes in Asia [101–103], the benefits of this research are still relevant. In tropical
countries, altitude is a limiting factor for the agroecological suitability of FTS, as reported
by Junghuhn [106]. In view of these two factors, utilization of FTS identified in the list
(Table S4) and agroecological distribution mapping (Figure 6) are key steps to introducing
FTS to cities.

Table 4. Multiple regression analysis of city characteristics on the number of tree species.

Responses
Predictors for City Category z

R-Seq (%) Durbin–
Watson

p-Value
(F Test)Constant Smart Wallace’s Altitude Vision

Fruit species Coef. 43.145 −0.592 −10.580 −5.269 −0.079

24.3 1.187 0.000
Total DF = 223 SE Coef. 3.727 1.276 1.377 2.393 0.280

T 11.58 −0.46 −7.68 −2.20 −0.28
p-value 0.000 0.643 0.000 0.029 0.776

VIF - 1.0 1.0 1.0 1.0

Non-Fruit Coef. 65.507 −5.660 −13.741 −2.589 −0.066

20.6 1.611 0.000
Total DF = 220 SE Coef. 5.922 2.033 2.207 3.805 0.446

T 11.06 −2.78 −6.23 −0.68 −0.15
p-value 0.000 0.006 0.000 0.497 0.882

VIF - 1.0 1.0 1.0 1.0

Total Species Coef. 108.876 −6.119 −24.430 −7.965 −0.176

26.0 1.356 0.000
Total DF = 220 SE Coef. 8.538 2.932 3.182 5.486 0.644

T 12.75 −2.09 −7.68 −1.45 −0.27
p-value 0.000 0.038 0.000 0.148 0.785

VIF - 1.0 1.0 1.0 1.0
z Smart (1 = nominated as smart city, 2 = non-smart city), Wallace’s zone (1 = west, 2 = east of border), altitude (1 = low altitude, 2 = high
altitude), and Vision (1 = agrarian, 2 = business, 3 = culture, 4 = education, 5 = heritage, 6 = industrial, 7 = religious, 8 = tourism,
9 = noncategorical); VIF = variance inflation factor; p value (F test) indicates fittest of regression model for p < 0.05.
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Table 4 shows that all predictors contributed independently (VIF = 1.0) and negatively
to the number of trees, both FTS and non-FTS. The cause of this trend is still unclear, but it
is possibly due to the effect of the weakness in numeric categories during the statistical
evaluation. However, the analysis illustrated the general effect of the city category on the
number of FTS in the city. Whether a city implemented the smart model did not affect the
number of FTS (p = 0.643). Here, a city’s implementation of the smart model is denoted by
a smaller numerical order; this means that the smart city contributed to a larger number of
non-FTS in the city. This finding was confirmed during the direct survey, where smart cities
were visually “greener by various trees” than non-smart ones. Wallace’s Line significantly
contributed to the total number of tree species, including FTS, in cities. As the eastern
zone was denoted by a larger score in the statistical analysis, cities located to the east of
Wallace’s Line consequently had fewer FTS than those in the west. City altitude determined
the number of FTS but did not affect the abundance of non-FTS. It is evident that cities
at higher altitudes (e.g., more than 600 m above sea level) had fewer FTS. The limiting
factor at a high altitude is a lower temperature, which is a disadvantage to flowering
induction for most tropical fruits [44–46]. In the future, it would be of interest to evaluate
fruit species that are suitable for planting in high-altitude cities. Finally, city vision did not
significantly contribute to the number of tree species in Indonesian cities, as indicated by
the insignificant p-value and low constant value.

Nevertheless, the finding as shown in Table 4 should be adopted with precaution
because Durbin-Watson values of the regressions fall below 2. Generally, the value below
2 means the sampling data is non-randomness (https://www.ncss.com (accessed on 16 June
2021)). Adoption in FTS and non-FTS of a particular city is probably affected by neighboring
city experience or other spatial city relationships, leading to the presence of positive
autocorrelation in Durbin-Watson test.

4. Discussion
4.1. Reviving Cities with Fruit Tree Species

This study reveals that some fruit species are distributed among many cities while
others are found only in specific cities. Because no interviews were conducted with city
managers, the results of this research cannot explicitly reveal whether the abundance of FTS
is part of a planned greenery strategy or just a coincidence. This finding could be a basis
for framing the abundance of FTS in a more strategic context, especially in the framework
of making the city more friendly to various stakeholder interests. Surprisingly, the recent
implementation of the smart city model and establishment of city vision for many cities
had little impact on the establishment of multifunctional city greenery, e.g., FTS (Table 2).

Reviving city greenery with fruit tree species requires national and local support as
key actors, and this issue arose during focus group discussions. At the national level,
it is important to develop indicators for the implementation of the action. Municipali-
ties/regencies and provinces can collaborate to reduce species duplication. For the 514 cities
and 34 provinces of Indonesia, promoting one-city-one-iconic fruit tree is an interesting
approach. The nativeness of species for conservation and agroclimatic suitability should
be part of the discussion. Figure 6 could be used as preliminary information in the city
mapping and FTS selection. This approach has traditionally achieved great success in Java,
for example, tamarinds on Daendels Road [34].

At the local level, FTS might be introduced as road landmarks with fruit names such
as Durian St. (Durio zybethinus L.) and Sawo St. (Manilkara zopota L.) or simply planted
for ecological reasons [17]. Another cluster could be designated as site landmarks or
toponyms—places that most likely derived from fruit names—such as Gandaria, Kemang,
and Menteng Villages in Jakarta, corresponding to the local names of Bouea macrophylla
Griffith, Mangifera kamanga Blume, and Baccaurea racemosa (Reinw.) Muell. Arg, respectively.
Both national and local actions require landmark mapping and site improvements to favor
FTS growth and to ensure safety standards for the passage of traffic.

https://www.ncss.com
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4.2. FTS and City Services

The present findings indicate the abundance of FTS in cities in the Java region com-
pared to other regions (Table 2). As the cities in Java are more densely populated [3] and
food insecure [22], the introduction of FTS may have the potential to enhance city services,
especially in Java. Moreover, many cities in Indonesia, including in Java, have allegedly
experienced uniformity in city visualization, as noted by Amar [120]. The ecological con-
cept of smart cities in Indonesia focuses on reducing energy consumption, increasing city
hospitality, increasing areas with greenery, and reducing air pollution [121–123]. Therefore,
the introduction of FTS should be framed to enhance the basic smart city concept, because
50% of smart city models in Indonesia are located in Java [5,6], and to some extent the
smart city model had a contribution on FTS number (Table 4). Moreover, it may be a step
forward in facilitating local knowledge of the economic benefits and realizing the image of
tropical beauty as a “paradise”.

The combination of regional and individual city approaches is expected to accelerate
FTS adoption. This is supported by the fact that the contribution of geographical factors,
namely Java, islands, provinces, and relative position to Wallace’s Line is linked tightly
to the number of FTS in a city (Table 3), regardless of nested phenomena. The bias of the
regression analysis to estimate the number of FTS based on the selected city categories
(Table 4), indicates that there is another factor that has not been revealed in this study such
as spatial effect. There is a possibility that the visuals of the nearest city influence other
cities in terms of FTS selection. Further study on spatial autocorrelation analysis on the
selection of FTS would be interesting.

In a broader context, integrating FTS into the smart city concept could help by, for
instance, reducing fuel consumption through increased walking habits. Fruit trees provide
diverse eye-level street greenery that is rich in flower color, smell, exotic phenology, plant
characteristics, and architectural form [46]. Attractive eye-level street greenery increases
walking behavior and walking time [124]. Second, more FTS could help in reducing
electrical consumption for air conditioning. Indonesian residential housing consumes
17% of electricity for cooling purposes [125]. Plants are able to reduce air temperatures,
especially those with high stomatal conductance and high leaf area indexes [126,127].
Third, FTS could increase the hospitability of cities and the health status of the citizenry.
Some studies indicate that proper greenery selection and placement increases citizen
hospitability and health status in many countries [122,128–130]. Takano et al. [128] noted
that the longevity of senior citizens increases if there are walkable green spaces. For
Indonesians, listening to bird song is a form of mental healing [31], and FTS directly
stimulate bird visitation [23–25,27–29]. Moreover, FTS such as guavas, jackfruit, mangos,
matoas, rambutans, and tamarinds are reliable trees for reducing air pollution [131,132].
Finally, planting FTS stimulates economic activity in a particular community. For example,
in Jakarta, some people utilize tree species with medicinal effects; these are planted along
the roadside and include velvet tamarinds (Digallium indum), jackfruits, and coconuts [133].
In the present study, Averrhoa bilimbi was found to be a favorite tree among people living in
coastal cities, such as Makassar, Jakarta Utara, Banjarmasin, Jayapura, and Kupang, because
the A. bilimbi fruit is a useful herb for removing fishy smells in cooking. Similarly, in Bangli
City, Bali, the Balinese plant jackfruit trees along the roadside to produce high-quality
timber for the construction of pura (Balinese temples), ingredients for lawar dishes, and
forages for raising cows.

However, care must be taken, especially if FTS are extensively planted as corridors in
regions contiguous with fauna conservation zones, protected wildlife areas, wild forests,
and natural reserves. Over time, the corridor might connect the city with wildlife, especially
mammals such as monkeys and rodents such as rats, squirrels, and bats, which might
invade fruit trees and increase the risk of unexpected fruit fall. In addition, in regions that
often experience strong winds such as hurricanes, there is an increased risk that FTS will
be knocked down and destroyed [134]. Crane et al. [134] reported that the tropical trees
atemoya, avocado, carambola, guava, lime, and mamey sapote are more likely to survive
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a hurricane (145–175 mph) than longan, lychee, and mango trees. Fortunately, tropical
hurricanes are rare in Indonesia [116,135], but maintaining a tree height below 3 m or
grafting could reduce the risk of damage by about 40–60% in hurricane-prone regions [134].
Figure 5 shows that 8 out of 11 major risks of FTS can be reduced through horticulture
technologies. The adoption of ICT networks in smart city platforms might minimize the
FTS risk by evaluating the place, species, and time.

4.3. Challenges for Sustainability

Unlike common trees used as city greenery, introducing FTS to cities requires inte-
grated action. Some FTS present technical problems related to aesthetics, functionality,
hazard level, local policy, nurseries, and preference [40,44,45,129]. Acquiring comprehen-
sive data on FTS for such technical requirements, including tree strength during extreme
weather conditions such as strong winds and heavy rainfall, a common threat in Indonesian
cities, remains challenging.

Developing low-cost FTS maintenance is another challenge. Business cities such as
Jakarta and Surabaya generally have moderate numbers of total tree species (Table S3).
Compared to Bogor City, Greater Jakarta had 66 fewer tree species in total. The low number
of trees in Jakarta (and Surabaya) may be explained by the constraint of altitude because
both cities were founded on swampy land (<8 m above sea level); thus, planting trees
required additional soil from other cities, in contrast to the highland location of Bogor
City. As a result, the Jakarta authorities preferred to select fast-growing trees that could
adapt to a shallow water table and had low maintenance costs, such as butun (Baringtonia
asiatica), angsana (Pterocarpus indicus Willd.), banyan tree (Ficus benjamina), saman tree
(Samanea saman), sea mango (Cerbera manghas), and mahogany (Swietenia macrophylla). FTS
technical limitations can be addressed by using advanced technologies such as automatic
fertigation systems, tree training, and real-time monitoring, but improving physiolog-
ical characteristics such as growth rate, fruit size, strength, and litter volume requires
genetic manipulation.

In addition to technical considerations, socio-cultural perspectives related to FTS are
important. The sustainability of tree species in cities is mainly affected by the trees’ nature
and habitat health [136]. However, in Semarang City-Central Java, Roesmanto [33] noted
that arenga palms (Arenga pinnata), coconuts, lontar trees, and asam kranji (Pithecellobium
dulce), classified as FTS in the present study, were replaced by flowering ornamentals due to
the changing preferences of city residents. In Bangkalan City, Madura Island, Setiawan [34]
reported that the local government replaced tamarind trees along the roadside with fast-
growing angsana and glodokan tiang (Polyalthia longifolia) due to substantial damage by
illegal cutting for making bonsai and tree death caused by the posting of election campaign
signs. In other cases, trees along roadsides were destroyed following road improvements
for handling a higher traffic load [137]. According to Santosa et al. [117], about 40–60% of
fruit species in Indonesian cities are located along the roadside. Thus, the socio-cultural
perspective is an interesting direction for the study of FTS.

The introduction of FTS to cities requires collective support from ethnic groups to
address socio-cultural concerns and businesses to ensure sustainability [117]. It is well
known that ethnicity is tightly linked to agriculture preferences [138,139]. Balinese cere-
monies use belimbing wuluh (Averrhoa carambola), trijata (Medinilla speciosa Reinw. ex Blume),
and bananas. For Javanese, planting papaya trees close to the house causes bad luck.
Currently, many city landscapers believe that planting date palms (Phoenix dactylifolia or
Phoenix canariensis) in cities and parks close to religious facilities will increase good luck.
Santosa et al. [117] noted five tree species emerging in Indonesian cities, i.e., dates palm, sea
mango, tabebuya (Tabebuia cassinoides), velvet apple (Diospyros blancoi), and weeping willow
(Salix babylonica). Some citizens in Yogyakarta warned that the introduction of FTS to public
facilities might lead to injuries in some children because they would compete for fruits
and fall because of broken twigs. Continuous advocacy by societal stakeholders, including
for cultural corridor development [140], is important to encourage awareness and proper
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resource sharing. Finally, promoting wider participation by nursery businesses is a must,
as this issue was raised in the focus group discussion forum, with city landscapers having
specific requirements for trees, such as a minimum height of 3 m for transplanting.

5. Conclusions

Cities can be considered sites of genetic conservation from both national and local
perspectives; however, as local resources, fruit tree species are still far from being integrated
into the smart city concept. The smart city model can be improved by incorporating fruit
species into different city features through a better understanding of local wisdom, hazard
mitigation, and citizen preferences. Since city characteristics other than agroclimate and
vision have no specific patterns in relation to fruit tree species distribution, a national con-
sensus on genetic conservation indicators may be necessary for integrating FTS into cities
to enrich the smart model. This requires support from the government, city landscapers,
societies, nursery businesses, and academicians to ensure sustainability.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/su13147835/s1, Figure S1: Review process in the first step of the study; Table S1: Road
segments and city parks for data collection in each city; Table S2: Scoring values of fruit species for
hazard assessment; Table S3: City characteristics in relation to fruit species; Table S4: Distribution of
FTS by geographic category and quadrant group member; Table S5: List of FTS designated as city
icons and score of availability; Table S6: List of FTS by city and province.
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