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Abstract

Indigenous plants play a pivotal role in the ecological balance and cultural identity of Indian urban environments. Their
presence contributes not only to biodiversity and air quality but also fosters aesthetic and symbolic values integral to city
life. In rapidly urbanizing Indian contexts, indigenous flora remains critical in mitigating environmental degradation and
supporting sustainable urban habitats. Concurrently, the urban smellscape—defined as the olfactory dimension of urban
sensory experience—carries complex socio-cultural and environmental significances that shape residents’ interaction with
their surroundings. This smellscape is intrinsically linked to the phenology of indigenous plants, whose seasonal cycles
influence the temporal and spatial dynamics of urban odors. This paper synthesizes multidisciplinary literature to explore
the relationship between indigenous plants and urban smellscapes in Indian cities, with a particular focus on their
seasonal variations and the implications these hold for urban sustainability, cultural dynamics, and sensory geography.
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1. INTRODUCTION

Indigenous plants are species naturally occurring in a particular geographic region, having evolved in harmony
with local ecosystems and climatic conditions. In the context of Indian urban environments, these plants are
vital components of ecological health, contributing to air purification, temperature regulation, and sustaining
native fauna within city limits. Various afforestation programs within India emphasize planting indigenous
tree species such as Neem (Azadirachta indica), Senna siamea, and Aegle marmelos due to their adaptability to
local conditions and their ecological benefits. Neem, for example, is widely recognized for its multipurpose
uses ranging from medicinal applications to carbon sequestration, making it an essential species in urban
greening efforts. Meanwhile, Senna siamea, native to southern India and nearby regions, serves as a valuable
afforestation species although its shallow root system renders it sensitive to urban environmental stresses.
Aegle marmelos, commonly known as Bael, holds significant cultural and medicinal importance and is well
adapted to urban climatic conditions. Together, these plants not only support biodiversity but also anchor
cultural practices within the urban milieu.

The smellscape encompasses the olfactory environment formed by the array of scents and odors that
characterize a place. Urban smellscape research, drawing from sensory geography and ethnographic
methodologies, investigates how these olfactory elements reflect the intersection of environment, culture, and
human experience. Smell is a powerful yet often overlooked sensory modality that informs memory, identity,
and spatial perception within cities. In Indian urban settings, smellscapes are multifaceted, shaped by diverse
cultural practices, local cuisines, markets, flora, and atmospheric conditions (Wankhede, K., Deshmukh, A.,
2023). Mapping and analyzing these smellscapes enlighten our understanding of how residents negotiate
sensory environments, particularly in densely populated and socioeconomically stratified spaces. Smell also
acts as a cultural signifier, revealing social narratives of class, ethnicity, and emotional attachments to place.
Phenology, the study of cyclical biological events in plants such as flowering and fruiting, plays an essential
role in creating the temporal structure of urban smellscapes. Seasonal variations influence the abundance
and quality of olfactory emissions from indigenous plants, producing dynamic shifts in the smellscape across
the year (Pefiuelas, J., & Filella, 1., 2004). The tropical and subtropical climate of Indian cities, marked by
distinct summer, monsoon, and winter seasons, further modulates plant phenological patterns and associated
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olfactory experiences. Moreover, urban environmental variables such as air pollution levels, temperature
fluctuations, and humidity affect both plant health and the dispersion or attenuation of odors (Zhou, W., &
Myint, S. W., 2020). Understanding these interactions between seasonality, indigenous flora, and
environmental factors is crucial for appreciating the sensory complexity and cultural relevance of Indian
urban smellscapes.

Indigenous plants contribute significantly to the ecological fabric of Indian urban environments. Their ability
to sequester carbon plays a vital role in mitigating urban greenhouse gas emissions, a benefit critical for cities
experiencing rapid industrialization and rising pollution levels (Bhatnagar, P., Barman, R., & George, J. P.
2024). Additionally, these plants improve air quality through phyllo remediation, a process by which plant
leaves and associated microbial communities adsorb, absorb, and biodegrade airborne pollutants including
particulate matter (PMs), nitrogen oxides, sulphur dioxide, and volatile organic compounds (VOCs) (Popek,
R., Mahawar, L., Shekhawat, G. S., & Przybysz, A. 2022). The expansive leaf area of trees like Neem facilitates
the removal of toxic pollutants, thereby reducing health risks to urban populations. Moreover, indigenous
flora supports urban biodiversity by providing habitats and food sources for native insects, birds, and other
organisms, sustaining functional ecological networks crucial to urban ecosystem resilience.

Beyond ecological benefits, indigenous plants possess deep cultural and medicinal significance in Indian
cities. Traditionally, species such as Neem, Bael, and Kalmegh (Andrographis paniculata) have been integral to
Ayurvedic and naturopathic systems, addressing ailments ranging from diabetes to skin diseases (Mishra,
S. K., Sangwan, N. S., & Sangwan, R. S. 2007). The knowledge surrounding these plants has been preserved
through generations within urban herbalist communities and ethnobotanical markets, where medicinal
plants continue to be dispensed in their natural forms, fostering cultural continuity in the face of
modernization (Dutta, T., Nandy, S., & Dey, A. 2022). This traditional knowledge is intertwined with socio-
cultural identities and spiritual practices, underscoring the inseparability of botanical resources from health
and cultural heritage in urban Indian contexts. Furthermore, the growing popularity of these plants in
contemporary healthcare underscores their ongoing relevance and potential for integrative medicine.
Indigenous plants also influence economic livelihoods and social dynamics in Indian urban areas. Urban
forestry initiatives create employment opportunities in nursery management, planting, and maintenance.
Furthermore, local markets and informal economic sectors thrive on the sale of plant-based products,
including medicinal herbs, handicrafts, and food items, contributing to urban economies. The social
connotations attached to certain plants, particularly those with traditional or status-related associations, play
a role in urban cultural signaling. Consumption and display of plant-based goods can function as markers of
social status or identity, integrating botanical resources into the complex fabric of urban life and social
stratification (CruzGarcia, G. S., & McMullin, S. L. 2021). These dimensions reveal that indigenous plants
are not mere background elements of the urban environment but active agents shaping economic and social
relations.

This paper aims to critically review and synthesize existing ethnographic, ecological, and sensory geography
literature to elucidate the relationship between indigenous plants and the urban smellscape within Indian
cities, with a particular focus on seasonal variations. The objectives include: Examining the ecological,
cultural, and economic significance of indigenous plants in Indian urban contexts and investigating the
conceptual and methodological frameworks employed in urban smellscape studies, with attention to olfactory
dynamics in Indian cities.

DISCUSSION

The term "smellscape" conceptualizes the olfactory environment existing within a shared space, analogous to
the landscape but experienced through smell. It acknowledges the ephemerality and volatility of odors while
capturing how they articulate place identity and human-environment relations (McLean, K. 2020).
Smellscapes consist of a complex assemblage of natural odors—such as those emitted by indigenous plants—
and anthropogenic scents from culinary, industrial, and domestic sources. Sensory geography frameworks
emphasize temporality and spatiality, recognizing that smellscapes are dynamic, fluctuating with changes in
environmental conditions and human activity (McLean, K. 2021). Methodologies to study smellscape include
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ethnographic 'smell walks, participatory mapping, olfactory diaries, and technological sensor-based
monitoring, all aiming to capture and analyze the qualities, locations, and cultural meanings of urban odors.
Indian urban smellscapes are uniquely influenced by the country's dense population, cultural diversity, and
socio-economic stratifications. Smell perception varies across occupational, religious, and class divides,
shaping differentiated olfactory experiences and sensory geographies (Sihra, J. S. S. 2025). For instance,
neighborhoods near open garbage dumps or informal sanitation facilities carry stigmatized olfactory profiles
affecting residents’ health and social identity. In contrast, local markets and religious festivals imbue distinct
aromatic regimes expressing cultural vibrancy. The heterogeneity of urban India complicates odor detection
and assessment, posing challenges for smellscape studies that require sensitivity to social context and localized
meanings attached to odors (Sihra, J. S. S. 2025). These nuances necessitate interdisciplinary and culturally
informed approaches to effectively analyze Indian urban smellscapes.

Smellscape mapping in urban studies combines manual methods such as drawing and painting with digital
technologies including GIS, olfactometry, and mobile applications to visualize olfactory data. Artistic
practices harness sensory narratives to convey smellscapes’ transient qualities, creating embodied knowledge
representations that complement scientific analyses (McLean, K. 2021). In Indian cities, such approaches may
integrate ethnographic insights with technical mapping to render both the physical and cultural dimensions
of smellscapes. These methodologies enhance our understanding of how indigenous plant odors contribute
to urban olfactory experiences and facilitate community engagement in urban planning and environmental
management.

Phenological cycles of indigenous plants in Indian cities display clear seasonal rhythms aligned with the
region’s climatic calendar. Neem, for example, flowers predominantly in the dry summer months, showcasing
fragrant white blossoms that contribute to the summer olfactory profile. Senna siamea typically blooms during
or just after the monsoon season, producing golden-yellow flowers that enrich the rainfall-influenced
smellscape (Troup, R. S., & Joshi, N. 1983). Aegle marmelos exhibits seasonal fruiting and flowering patterns
that align with winter and early spring, introducing fresh aromatic compounds to the urban environment,
These cycles correspond to varying ecosystem services such as air purification and microclimate regulation,
with phenology influencing not only the plant’s physiological contribution but also its role in urban sensory
environments. Recognizing these temporal patterns is critical for urban ecosystem management and
conservation.

The olfactory emissions of indigenous plants vary seasonally as a direct consequence of phenological
transitions. Flowering phases typically correspond with peak release of volatile organic compounds (VOCs),
which determine the intensity and character of plant-derived scents within urban smellscapes. For example,
the resinous and spicy aromas of Neem dominate in summer due to its flowering period, while Senna siamea’s
floral and earthy odors prevail during the moist monsoon season (Troup, R. S., & Joshi, N. 1983). Winter
brings a suite of nectar-rich flowers and medicinal herbs emitting sweet and pungent fragrances that diversify
the olfactory environment. These VOC emissions not only affect human olfactory perception but also play
ecological roles involving pollinator attraction and herbivore deterrence. Therefore, fluctuations in smellscape
elements directly mirror phenological states of indigenous flora.

Urban environmental stressors including air pollution, temperature extremes, and rainfall patterns
significantly influence plant health, phenology, and thereby the smellscape. Elevated pollution levels can
impair VOC production or alter their chemical composition, diminishing the intensity or modifying the
quality of plant scents. Temperature and humidity variations affect both photosynthesis and metabolic rates,
influencing flowering times and scent release mechanisms (Blande, J. D., Holopainen, J. K., & Niinemets,
U. 2014). Additionally, urban microclimates—characterized by heat islands and variable airflow—alter VOC
dispersion patterns, leading to spatial heterogeneity of smells within cities. These interactions underscore the
complex feedback loops between indigenous plants and urban environmental conditions shaping the
temporal variability of smellscapes.
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Season Dominant Typical Olfactory Environmental Factors
Indigenous Plants Characteristics
Summer Neem, Aegle Spicy, resinous, dry High temperature, low humidity,
marmelos aromatic increased pollution
Monsoon Senna siamea, Fresh, earthy, floral High humidity, rainfall, reduced
flowering shrubs notes dust
Winter Various nectar-rich Sweet, pungent, Cool temperature, low pollution,
flowers, medicinal herbaceous stable air
herbs

Seasonal Variation of Smellscape in Indian Urban Settings

The lived olfactory experiences in Indian cities exhibit marked seasonal shifts consistent with ecological and
cultural thythms. During the monsoon season, prevalent odors include fresh, earthy scents resulting from
rainfallinduced microbial activity and flowering indigenous shrubs. Summer’s intense heat amplifies the
resinous and pungent odors of sun-exposed plants like Neem, while winter’s cooler air facilitates the
dispersion of sweet floral and herbaceous fragrances characteristic of medicinal plants (Blande, J. D.,
Holopainen, J. K., & Niinemets, U. 2014). These changes in odor profiles are not only sensory phenomena
but also influence residents’ perceptions of the urban atmosphere, contributing to the cyclical rhythms of
urban life and well-being.

Indigenous plants impart distinctive olfactory signatures to Indian urban smellscapes that are inextricably
linked to local culture and identity. For instance, the spicy, slightly bitter scent of Neem leaves is often
associated with purity and protection in Indian cultural contexts, while Bael’s aromatic leaves and fruits serve
ritualistic purposes. Additionally, medicinal plants such as Kalmegh and Bael release subtle herbaceous notes
contributing to the therapeutic olfactory landscape (Bell, S. L., Hickman, C., & Houghton, F. 2023). The
presence of fermented traditional food plants and spices further enriches these smellscapes, reflecting culinary
practices integral to urban social life. These plant-associated odors anchor sensory memories and cultural
meanings, enhancing place attachment and community identity.

The sociocultural implications of seasonal olfactory shifts are profound, influencing urban identity, hygiene
perceptions, and psychological well-being. Positive plant-derived smells, particularly those associated with
native flora, can evoke feelings of nostalgia and comfort, linking residents to heritage and fostering mental
health benefits. Conversely, negative associations with odors from pollution or waste can generate social
stigma and anxiety, underscoring the importance of managing urban smellscapes. Moreover, seasonal festivals
often engage with indigenous plant odors, using floral and herbal scents in rituals and celebrations that
transform urban atmospheres and reaffirm cultural cohesion (Thakur, S., Jamwal, R., & Negi, S. 2023).
These dynamics exemplify the intertwined nature of sensory perception, culture, and urban experience.
Rapid urban development in Indian cities has led to significant reductions in indigenous plant diversity, with
land-use changes favouring exotic or ornamental species that often lack ecological or cultural congruence with
local contexts. This loss undermines ecological services such as carbon sequestration and air purification
provided by native species and diminishes the unique olfactory identity contributed by indigenous plants.
Furthermore, the erosion of native vegetation fragments habitats and reduces urban biodiversity, impairing
ecosystem resilience in the face of environmental stressors.

Environmental degradation, particularly air and water pollution, adversely affects the health and physiological
functions of indigenous plants, reducing their capacity to produce characteristic olfactory compounds.
Pollutants can interfere with VOC synthesis, impair flowering, and lead to premature leaf senescence. These
biological impacts translate into altered or weakened smellscapes, compromising their sensory and cultural
value. Pollution also directly impacts human health, and the diminution of pleasant natural odors may
exacerbate stress and reduce overall urban livability (Herrera, C., & Cabrera-Barona, P. 2022).

The rapid transformation of urban diets and lifestyles affects the prominence and appreciation of indigenous
plant smells. Greater openness to global cuisines and processed foods reduces reliance on traditional plant-
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based products, leading to diminished sensory exposure and loss of ethnobotanical knowledge. Additionally,
informal urban sanitation challenges and inequities contribute to the prevalence of noxious odors that
overshadow natural smellscape elements (Das, P. 2015), These factors reflect socioeconomic stratifications
and cultural shifts, which together shape evolving urban sensory geographies.

Indian urban forestry programs have increasingly incorporated indigenous plant species such as Neem and
Senna siamea into afforestation and green infrastructure projects. These programs aim to restore ecological
services and revitalize native biodiversity within cityscapes. However, challenges remain in ensuring the
survival and growth of planted trees due to urban stresses such as soil compaction, pollution, and climate
extremes. For instance, Senna siamea’s shallow root system renders it vulnerable to strong urban winds,
necessitating careful species selection and site management.

Preserving and revitalizing traditional medicinal knowledge linked to indigenous plants is central to
maintaining cultural heritage and providing affordable health care in urban areas. Initiatives to document,
share, and integrate ethnobotanical expertise within urban planning and public health strategies contribute
to this cultural and ecological sustainability. Such knowledge transfer supports community engagement and
conservation efforts while promoting culturally sensitive urban ecological management.

Intentional planting and management of native plant species offer substantial potential to enrich urban
smellscapes and improve residents’ sensory and psychological well-being. Transdisciplinary approaches
combining ecological science, cultural studies, and sensory geography are recommended to design green
spaces that optimize olfactory experiences, support biodiversity, and foster social inclusion. Collaborative
policymaking and community participation are essential to realize these goals, ensuring that urban
smellscapes reflect both ecological integrity and cultural plurality.

CONCLUSION

The integrated review reveals that indigenous plants are fundamental to shaping the temporal and spatial
textures of Indian urban smellscapes. Their phenological cycles generate seasonally distinct olfactory profiles
that mediate ecosystem services, cultural practices, and sensory experiences across Indian cities. Indigenous
flora’s ecological functions and cultural resonances merge in the urban smellscape, creating a multisensory
tapestry with profound implications for identity, health, and environmental sustainability.

Despite advances in ethnoecological and sensory geography studies, quantitative olfactory research in Indian
urban contexts remains limited. Existing studies predominantly employ qualitative smellwalks and mapping,
with insufficient integration of sensor technologies or longitudinal phenological datasets. Furthermore, the
complex socio-cultural heterogeneity and rapid environmental changes in Indian cities pose challenges for
standardized smellscape assessment. Addressing these gaps requires mixed methods approaches and culturally
responsive research designs that capture both biological and experiential dimensions of smellscapes.

Future scholarship should prioritize longitudinal, multisite investigations into the interactions between
indigenous plant phenology and urban smellscape dynamics. Urban planning policies need to incorporate
indigenous biodiversity preservation and smellscape awareness as integral to sustainable city design.
Community engagement, traditional knowledge valorization, and transdisciplinary collaboration are vital to
foster urban environments that are ecologically resilient, culturally rich, and sensory inclusive.

Indigenous plants critically define the olfactory character of Indian cities, with their seasonal phenological
rhythms driving dynamic changes in the urban smellscape. This multi-dimensional phenomenon interweaves
ecological, cultural, and sensory elements, highlighting the importance of integrating indigenous flora within
urban sustainability frameworks.

Embedding indigenous plants in urban greening initiatives offers numerous benefits, including improved air
quality, biodiversity conservation, cultural continuity, and enhanced psychological well-being. These species
act as living repositories of heritage and ecosystem services essential for the future livability of Indian cities.
Urban policymakers, planners, and researchers must prioritize the conservation and promotion of indigenous
plants and the awareness of urban smellscapes to foster healthy, vibrant, and resilient Indian cities.
Interdisciplinary collaboration and community participation represent critical pathways to achieving these
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goals, ensuring that the sensory and ecological integrity of urban environments is safeguarded amidst ongoing
urban transformation.
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