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ABSTRACT

Botanical gardens play a strategic role in integrating ecological, spatial, and socio-
cultural functions within sustainable agricultural landscapes. This study assesses
the functional performance of landscape plants in Enrekang Botanical Garden,
focusing on Taman Monumen La Tinro and Taman Wangi, to support sustainable
garden management. A mixed-method approach was employed, combining field
observations, visual landscape documentation, and visitor perception surveys.
Five functional variables were evaluated: ecological, shading, spatial, aesthetic,
and conservation functions. The results indicate that aesthetic and spatial
functions received the highest visitor ratings in both sites, reflecting effective
visual organization and spatial clarity of planting design. Shading and
conservation functions showed moderate performance, while ecological functions
were perceived as comparatively weaker, suggesting limited recognition of
ecological services by visitors. Comparative analysis reveals functional
differentiation between the two gardens, influenced by layout configuration and
vegetation composition. These findings highlight a functional imbalance between
visual-spatial dominance and ecological-conservation roles. The study contributes
novelty by integrating visitor-based functional assessment into botanical garden
landscape evaluation, offering an applied framework to enhance sustainable,
multifunctional landscape management in integrated agricultural systems.

ABSTRACT

Kebun raya memainkan peran strategis dalam mengintegrasikan fungsi ekologis, spasial,
dan sosio-kultural dalam lanskap pertanian berkelanjutan. Studi ini menilai kinerja
fungsional tanaman lanskap di Kebun Raya Enrekang, dengan fokus pada Taman
Monumen La Tinro dan Taman Wangi, untuk mendukung pengelolaan kebun yang
berkelanjutan. Pendekatan metode campuran digunakan, menggabungkan pengamatan
lapangan, dokumentasi lanskap visual, dan survei persepsi pengunjung. Lima variabel
fungsional dievaluasi: fungsi ekologis, naungan, spasial, estetika, dan konservasi. Hasil
menunjukkan bahwa fungsi estetika dan spasial menerima peringkat pengunjung
tertinggi di kedua lokasi, mencerminkan organisasi visual yang efektif dan kejelasan
spasial dari desain penanaman. Fungsi naungan dan konservasi menunjukkan kinerja
yang moderat, sementara fungsi ekologis dianggap relatif lebih lemah, menunjukkan
pengakuan yang terbatas terhadap layanan ekologis oleh pengunjung. Analisis komparatif
mengungkapkan diferensiasi fungsional antara kedua kebun, dipengaruhi oleh konfigurasi
tata letak dan komposisi vegetasi. Temuan ini menyoroti ketidakseimbangan fungsional
antara dominasi visual-spasial dan peran ekologis-konservasi. Studi ini memberikan
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kontribusi baru dengan mengintegrasikan penilaian fungsional berbasis pengunjung ke
dalam evaluasi lanskap kebun raya, menawarkan kerangka kerja terapan untuk
meningkatkan pengelolaan lanskap multifungsi yang berkelanjutan dalam sistem
pertanian terpadu.

INTRODUCTION

Sustainable green space management has become a strategic issue in the development of
integrated environmental and agricultural systems, particularly in response to increasing pressure
on land resources, biodiversity, and environmental quality. Botanical gardens, as functional green
spaces, serve not only as centers for plant conservation but also as ecological, educational, social,
and aesthetic spaces that reflect the interconnected relationship between humans and nature
(Btaszak et al., 2019; Sanders et al., 2018). In this context, landscape plants play a crucial role, as they
shape spatial structure, ecological functions, and the environment's visual quality and comfort (Liu
& Nijhuis, 2020; Yao et al., 2012).

Conceptually, the relationship between humans and landscapes can be understood through
the perspective of Dasein, which positions humans as beings who exist within the world and
continuously interact with their surroundings (Wylie, 2013; 2017). Landscapes are therefore not
merely physical entities, but meaningful spaces that shape human experience, perception, and the
sustainability of life (Menatti & Casado da Rocha, 2016; Vallés-Planells, 2014). Accordingly,
landscape plants in botanical gardens should not be regarded solely as decorative elements, but as
integral components of living systems that support the ecological and existential sustainability of
green spaces (Blaszak et al., 2019; Tian, 2022). This perspective calls for management approaches
that extend beyond technical considerations toward more systemic and function-based frameworks
(Ossiannilsson & Ioannides, 2017).

Numerous international studies have assessed botanical gardens and urban green spaces from
the perspectives of species diversity, landscape aesthetics, and conservation value (Heywood, 2017;
Southon et al., 2017). However, most of these studies remain largely descriptive, focusing on
vegetation inventories or visual spatial arrangements (Egerer et al., 2020; Rakow & Lee, 2015;
Villagra-Islas, 2011). Research that specifically evaluates landscape plant functions as an integrated
system supporting sustainable botanical garden management remains limited. Furthermore, the
integration of ecological, functional-spatial, and management-oriented values within a unified
analytical framework has not been sufficiently developed, particularly for botanical gardens in
tropical regions.

Within the context of integrated and sustainable agricultural systems, botanical gardens
occupy a strategic position as interfaces linking biodiversity conservation, environmental education,
and productive landscape management (Btaszak et al., 2019; Johnson, 2012). Assessing landscape
plant functions—such as ecological regulation, shading, spatial guidance, boundary definition,
aesthetic enhancement, and conservation —becomes essential to ensure that vegetation composition
and distribution effectively support sustainable management objectives (Dong et al., 2022; Jones et
al., 2013; Solecka, 2019). Nevertheless, studies that explicitly link these functional roles to managerial

implications for botanical garden management remain scarce.
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Addressing this research gap, the present study offers novelty by applying a functional-based
assessment of landscape plants as a foundation for sustainable botanical garden management within
an integrated systems framework. Using Enrekang Botanical Garden as a case study, this research
not only provides empirical insights into landscape plant functions but also proposes an evaluative
model that can be replicated in other botanical gardens and comparable green spaces.

Therefore, the objective of this study was to assess the functions of landscape plants in
Enrekang Botanical Garden and to analyze their implications for sustainable botanical garden
management. The findings are expected to contribute to the development of function-based
landscape management approaches and to strengthen the role of botanical gardens as integral

components of sustainable agricultural and environmental systems.

RESEARCH METHODS

Study Area

The study was conducted at Enrekang Botanical Garden, located in South Sulawesi, Indonesia.
The botanical garden represents a tropical highland environment characterized by diverse
vegetation types, varied topography, and multifunctional landscape zones. The site was selected
due to its role as a conservation-oriented green space that integrates ecological, educational, and

recreational functions within a single landscape system.

Research Design

This research employed a descriptive—analytical approach combined with functional
landscape assessment. The study focused on evaluating landscape plant functions based on direct
field observations, spatial documentation, and visual analysis. The methodological framework was
designed to link vegetation characteristics with their functional roles in supporting sustainable

botanical garden management.

Landscape Zoning and Sampling Units

The botanical garden area was divided into functional landscape zones based on land use,
spatial configuration, and management objectives, as identified in the existing site plan and field
observations. Within each zone, representative sampling units were established to capture dominant
plant compositions and landscape structures. Sampling locations were selected purposively to
reflect variations in vegetation density, plant form, and spatial arrangement, ensuring that all major

landscape functions observed in the field were adequately represented.

Assessment of Landscape Plant Functions

Landscape plant functions were assessed based on functional variables explicitly observed and
presented in the Results section. The assessment framework focused on five main functional
variables that emerged from field observations and visual documentation, namely ecological,
shading, spatial, aesthetic, and conservation functions. These variables represent the dominant
functional roles of landscape plants within the botanical garden system and form the analytical basis
for the figures presented in this study. All functional variables were assessed through direct field

observation and systematic photographic documentation. The photographs serve as primary visual
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evidence for each functional variable and were used to support qualitative interpretation in the

Results and Discussion sections.

Ecological Function

This variable refers to the role of landscape plants in supporting environmental quality,
including microclimate regulation, soil protection, water infiltration, and habitat provision.
Indicators used in this assessment included vegetation density, canopy layering, ground cover
presence, and plant adaptability to site conditions.

Shading Function

The shading function was evaluated based on canopy width, leaf density, and spatial
distribution of trees and shrubs that contribute to thermal comfort along pedestrian pathways and
open spaces. This function is visually represented in the results through images showing canopy

coverage and shaded circulation areas.

Spatial Function
Spatial function encompasses the role of plants in structuring space, including guidance along
circulation routes, boundary definition, and enclosure of activity areas. Indicators included plant

alignment, planting continuity, and spatial clarity created by vegetation arrangement.

Aesthetic Function

The aesthetic function was assessed through visual attributes such as plant form, color
variation, texture, and compositional harmony within the landscape. This variable reflects the
contribution of landscape plants to visual quality and visitor experience, as demonstrated in the

photographic figures presented in the Results section.

Conservation Function

The conservation function was evaluated based on the presence and dominance of native,
endemic, or conservation-priority plant species within the landscape. This variable highlights the
role of botanical gardens in preserving plant diversity and supporting long-term ecological

sustainability.

Scoring and Classification of Functional Performance

To ensure analytical consistency, each landscape plant function was evaluated using a
qualitative scoring system, classifying functional performance into three levels: low, moderate, and
high. The classification was based on observable indicators such as plant density, canopy structure,
spatial continuity, and visual dominance within the landscape. This scoring system enabled
comparative analysis among different landscape zones and functions and facilitated the
interpretation of functional effectiveness presented in the graphical results.

Data Analysis and Interpretation

The collected data were analyzed descriptively and comparatively across landscape zones and
functional categories. Functional scores were synthesized and visualized to support interpretation
of landscape performance, forming the basis for the figures presented in the Results section. The
analysis emphasized identifying dominant functions, functional overlaps, and gaps that have

implications for sustainable botanical garden management.
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Methodological Rigor and Reproducibility

To enhance reproducibility, all assessment criteria, functional classifications, and scoring
procedures were applied consistently across observation units. Photographic documentation and
zone-based analysis provide transparent evidence supporting the functional evaluations. This
methodological approach allows replication in other botanical gardens or green spaces with similar
landscape characteristics.

RESULTS AND DISCUSSION

Functional Performance of Landscape Plants Based on Visitor Perceptions

As shown in Figure 1, visitor perceptions indicate that landscape plant performance in both
Taman Monumen La Tinro and Taman Wangi is predominantly characterized by high spatial and
aesthetic functions, each exceeding 90%. This suggests that vegetation arrangement in both sites
effectively structures space, enhances visual quality, and supports visitor orientation. In contrast,
shading and ecological functions received moderate ratings (approximately 60-75%), while
conservation function was consistently rated lowest, particularly in Taman Monumen La Tinro. This
pattern indicates a design emphasis on visual comfort and spatial experience rather than explicit
biodiversity conservation.

Comparatively, Taman Wangi demonstrated a relatively higher conservation score than
Taman Monumen La Tinro, although it remained within the low—moderate category. This difference
likely reflects variations in plant composition, vegetation density, or the presence of microhabitat-
supporting elements. The consistently high spatial and aesthetic ratings across both sites indicate a
shared design approach prioritizing legibility and visual appeal, reinforcing the tendency of urban
landscape planning to foreground experiential qualities over ecological functionality.

These findings align with previous studies showing that visitors respond more strongly to
visible spatial and aesthetic attributes than to indirect ecological functions (Belaire et al., 2015; Breiby
& Slatten, 2018; Goodness et al., 2016). Moreover, conservation roles of urban green spaces are often
underrecognized without clear visual cues or interpretive elements (Rupprecht & Byrne, 2014).
Overall, Figure 1 highlights a perceptual gap between ecological potential and user awareness,
underscoring the need for integrated landscape management that balances aesthetic—spatial

performance with ecological and conservation functions in sustainable botanical garden systems.
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Perceived Landscape Plant Functions as a Basis for Sustainable Garden Management

Figure 2 illustrates visitor-based assessments of the functional roles of landscape plants in
Taman Monumen La Tinro and Taman Wangi. In both sites, the aesthetic function received the
highest ratings (=95%), indicating that visual quality is the most immediately perceived and valued
role of landscape vegetation. This consistent dominance suggests that plant composition, color
harmony, and spatial arrangement strongly shape visitors” overall impressions, reinforcing the
importance of aesthetics as a primary driver of public satisfaction in botanical and urban park
settings.

The spatial and shading functions were also rated highly (=80-85%), reflecting the
effectiveness of vegetation in structuring space and providing thermal comfort. These functions
were perceived slightly more positively in Taman Wangi, likely due to more coherent plant zoning
and canopy distribution. In contrast, the ecological function received substantially lower ratings
(=45-50%) in both parks, indicating that services such as pollution mitigation, biodiversity support,
and microclimate regulation are less visible or less understood by visitors. This perception gap
highlights a common challenge in landscape management, where ecological benefits are often
indirect and not immediately perceptible to the public (Karimi et al., 2020; Pfund et al., 2011).
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The conservation function showed moderate ratings (=75-78%), suggesting partial recognition
of the role of landscape plants in preserving local plant diversity and environmental quality. These

findings align with previous studies reporting that users of urban green spaces tend to prioritize
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aesthetic and comfort-related functions over ecological processes, unless explicit interpretive
elements or educational signage are provided (Cicerali et al., 2017). Overall, the results emphasize
the need for integrated landscape strategies that not only enhance visual and spatial quality but also
make ecological and conservation functions more legible to visitors, thereby strengthening the

multifunctional role of botanical gardens within sustainable landscape management frameworks.

Functional-Based Evaluation Model for Botanical Garden Management

Based on the functional assessment results, this study formulates a functional-based
evaluation model for botanical garden management that integrates landscape plant performance,
visitor perceptions, and sustainability objectives (Figure 4). The findings from Taman Monumen La
Tinro and Taman Wangi indicate that landscape plant functions are perceived unevenly, with
aesthetic and spatial functions consistently dominating visitor evaluations, while ecological and
conservation functions remain less visible. This pattern reflects a common tendency in public green
spaces where visually legible and comfort-related attributes are more readily recognized than
indirect ecological services (Fandeli, 2021). Such functional hierarchies provide an empirical basis
for developing an evaluation model that moves beyond descriptive vegetation inventories toward a

performance-oriented and perception-informed framework.

Functional-Based Botanical Garden Evaluation Model
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Figur 4. Functional-based evaluation model for sustainable botanical garden management.

The proposed model conceptualizes botanical garden performance through five interrelated
functional dimensions: aesthetic, spatial, shading, ecological, and conservation functions. These
dimensions collectively represent the multifunctional character of botanical gardens as ecological

infrastructures, cultural landscapes, and public spaces (Btaszak et al., 2019; Heywood, 2017). Within
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this framework, visitor-based functional assessment serves as a diagnostic layer that identifies
dominant, moderate, and weak functions. High ratings for aesthetic and spatial functions indicate
effective visual organization and spatial clarity, which are critical for visitor engagement and
recreational value (Liu & Nijhuis, 2020; Southon et al., 2017). Conversely, lower recognition of
ecological and conservation functions highlights a perceptual gap between ecological capacity and
public awareness, a challenge widely reported in studies of urban and botanical landscapes (Bele &
Chakradeo, 2021; Muratet et al., 2015; Shwartz et al., 2024).

Operationally, the evaluation model follows a three-stage process: functional identification,
functional balance analysis, and management response formulation. Rather than maximizing
individual functions in isolation, the model emphasizes achieving functional balance and synergy,
recognizing that visually dominant landscapes without ecological robustness risk long-term
sustainability, while ecologically rich landscapes lacking spatial legibility may fail to attract public
support (Dong et al., 2022; Jones et al.,, 2013). By translating functional evaluation outcomes into
adaptive management strategies—such as optimizing planting composition, strengthening
conservation-oriented vegetation, and enhancing ecological interpretation —the model positions
landscape plants as mediators between ecological sustainability and human experience.
Consequently, this functional-based evaluation model offers a replicable and applied framework for
sustainable botanical garden management, particularly within integrated agricultural and

environmental systems in tropical contexts (Johnson, 2012; Solecka, 2019).

CONCLUSION

This study shows that landscape plant performance in Taman Monumen La Tinro and Taman
Wangi is primarily perceived through aesthetic and spatial functions, which dominate visitor
evaluations and effectively support visual quality, spatial legibility, and comfort. In contrast,
ecological and conservation functions are less strongly perceived, indicating a gap between the
ecological potential of landscape vegetation and public awareness.

The study’s key contribution lies in its functional-based assessment framework that integrates
visitor perceptions with landscape plant functions to support sustainable management. The findings
demonstrate that perception-driven evaluation can reveal functional imbalances overlooked by
conventional assessments, emphasizing the need for integrated landscape strategies that balance
aesthetic—spatial performance with enhanced ecological and conservation visibility. This approach
reinforces the role of botanical gardens as multifunctional landscapes supporting sustainability,

education, and long-term environmental resilience.
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