


Urban Greening Through Indoor Plants with Special Emphasis on Bonsai

ABSTRACT
Rapid urbanization has intensified the demand for efficient indoor greening approaches that enhance ecological quality, aesthetics, and human well-being. This review explores the multifaceted benefits of indoor plants, with a special focus on bonsai, as beneficial resources for urban greening. Indoor bonsai positively impact the environment by improving air filtration, moderating interior microclimates, and subtly sequestering carbon. Their artistic and sculptural geometries harmonize confined living spaces, and their cultural meaning reinforces biophilic design. Beyond their visual appeal, bonsai have substantial psychological restorative effects, reducing stress, stimulating cognitive function, and assisting with rehabilitation, especially for the elderly and those with limited mobility. The review also discusses species selection, essential maintenance practices, and the practical challenges of cultivating bonsai indoors, including limited light, dry air, and specialized care requirements. Finally, future research trajectories and technological innovations are explored, including investigations on indoor bonsai physiology and integration with smart horticulture technology. Overall, this work highlights the transformative potential of bonsai as resilient living artworks capable of reconnecting modern society with nature.
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1. INTRODUCTION
Modern cities face increasing ecological challenges due to rapid urbanization, infrastructure development, and limited space for greenery (Ramaiah and Avtar, 2019). As a result, green cover is often restricted to parks and designated landscapes, which are insufficient to offset pollution, heat island formation, and declining biodiversity. Simultaneously, indoor environments are becoming more artificial, reducing opportunities for daily human-nature interactions (Borysiak and Stepniewska, 2022).
Indoor plants have emerged as an effective tool for micro-scale spaces, offering environmental benefits for homes, workplaces, and high-rise buildings. In many buildings, there are limited opportunities for outdoor landscaping. Numerous studies have shown that having indoor plants can help reduce the presence of pollutants, maintain humidity levels, and improve indoor air quality, ultimately enhancing a person’s overall environmental health (Kraakman et al., 2021). As part of the biophilic design movement, indoor plants can help reestablish the connection between people and nature and enhance it through intentional placement of plants and other natural elements within the built environment (Kellert, 2018). 
In addition to environmental benefits, indoor plants also provide an incredible psychological and aesthetic impact. Studies have shown that increasing the number of indoor plants reduces stress, improves mood, enhances productivity, and creates attractive and therapeutic environments (Bringslimark et al., 2009). Indoor plants not only add aesthetic value to a space but also have a major impact on mental well-being. Therefore, indoor plantings are considered multifunctional features in many urban households and in a variety of institutional settings (Hall and Knuth, 2009).
Within this broader domain of indoor plants, bonsai holds a distinct and important position. Unlike general container plants, bonsai represent a long-standing horticultural art form that combines the art of cultivating miniature trees with the beauty of aesthetic design, cultural significance, and mindfulness. The small size, sculptural, endurance, and flexibility characteristics make them suitable for green spaces in the densest areas of cities, which are also called micro-spaces. Bonsais have been reported to promote meditation, patience, focused attention, and provide emotional support through the daily care and shaping of the miniature tree (Arunkumar and Kaffoor, 2025). Bonsai, within the broader context of indoor plants, provides a comprehensive understanding of how this particular form contributes to ecological performance, visual enrichment, and psychological healing.
The term bonsai literally denotes “a tree grown in a pot or tray”, yet the art has evolved far beyond this simple definition. The ancient practice of cultivating miniature trees provides a novel and practical solution to these problems. Its capacity to bring nature into constrained spaces, including balconies, rooftops, windowsills, workplaces, and apartments, makes it an important aspect of urban greening initiatives. Although bonsai has long been appreciated for its aesthetic and cultural significance, it is now being recognized for its environmental and mental health advantages (Hermann and Edwards, 2021).
In an increasingly fast-paced world, many people are turning to calm and emotional balance. Among these, bonsai cultivation has gained notable attention for its meaningful source of tranquillity. Plants are known to ease stress, create feelings of peace, enhance self-esteem, and provide a sense of control over one’s environment (Niazi et al., 2023). Integrating natural elements into everyday living spaces can positively influence cognitive function and emotional states, thereby affecting stress levels, health outcomes, and overall well-being. Understanding these benefits is essential for justifying investments in creating more nature-oriented environments (Grinde and Patil, 2009). Numerous studies further highlight the psychological advantages of exposure to nature, including reduced stress, improved mental restoration, enhanced attention, and support in managing attention-related difficulties (Van den Berg et al., 2007; Bolouki, 2023). Contemporary bonsai practice strives to capture the illusion of age, maturity, and natural majesty in miniature form (Shukla et al., 2016). A refined bonsai typically features strong, well-spread roots, a thick trunk that narrows elegantly upward, a clearly defined apex, and carefully arranged branches (Halder et al., 2023). Together, these structural components create a balanced, harmonious, and serene quality to the design (Sasi, 2017). Beyond aesthetics, bonsai greenery also contributes to human well-being by enhancing prefrontal brain activity and modulating the autonomic nervous system (Park et al., 2017). 
The purpose of this review is to consolidate all current knowledge regarding the use of indoor plants as vital components of urban greening efforts, with special emphasis on bonsai as a unique and multifunctional green element. By combining ecological, aesthetic, and psychological domains, the study demonstrates how bonsai is used effectively to enhance our urban ecosystems at the micro-level in both contemporary urban lifestyle practices and sustainable development objectives. Figure 1 illustrates the multifaceted role of bonsai in urban greening through ecological benefits, psychological well-being, and aesthetic values.
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Figure 1: Interconnected ecological, psychological, and aesthetic benefits of bonsai
2. Historical and cultural significance
Indoor plants have been a major component of various cultures that have embraced and celebrated their beauty, health benefits, and connection to nature, as evidenced by cultures such as Egypt and Greece, through to the Roman Empire established the practice of growing potted plants inside buildings, thus creating a legacy of appreciation for nature being incorporated into human-made structures (Carroll, 2003). In addition, many Asian cultures, such as those found in China and Japan, developed the horticultural arts of Penjing and Bonsai using small-scale landscaped areas, including gravestones and sacred objects to exhibit balance and harmony with the world around them (Zhao et al., 2021).  During the Victorian Era, many people viewed the presence of indoor plants in their households as a way of exhibiting social status and refinement, which also coincided with the introduction of indoor horticulture through advances in greenhouse technology (Kellert, 2018).
While bonsai is widely associated with Japanese culture, its origins lie in ancient China. The earliest miniature landscapes, called “pun-ching”, emerged during the Han dynasty around 200 BC, created by arranging small trees on shallow trays to depict natural scenery (Pietraszko and Sobota, 2008). After the Second World War, American soldiers played a crucial role in introducing these miniature trees and their cultivation techniques to the United States, helping spread awareness of the practice. The establishment of bonsai societies in major urban centers further broadened public interest and made the art more accessible (Koreshoff, 1984). Historically, bonsai has always signified harmony, balance, patience, and the human relationship to nature. Over time, its cultural scope expanded beyond botanical art into horticulture, interior design, and ecological symbolism (Pack, 2023). In modern cities, bonsai serves as a bridge between natural heritage and urban living (Moore and Atherton, 2021). Countries such as Japan, China, India, and European nations integrate bonsai into public buildings, commercial centers, hospitals, and homes, making it a recurring cultural and aesthetic element of urban landscapes (Suga, 2019).
3. Urban greening and the role of indoor plants
Rapidly growing cities are starting to implement urban greening schemes. These projects promote ecological balance by offering environmental benefits to both urban residents and their communities. Unfortunately, many of these initiatives are not viable due to the limited space in the city's densely populated residential and commercial areas. However, with the creation of smaller replicas of trees known as bonsai trees, urban greening initiatives may still be developed in difficult regions (Tezgor and Aytin, 2021). Bonsai's adaptability allows it to be grown in relatively small spaces, such as window ledges, balconies, roofs, and courtyards. The miniaturisation of the tree has established a link between city and nature. Bonsai trees are not only attractive, but they have also been shown to benefit the natural environment by improving indoor air quality, regulating climate, and promoting ecological balance indoors (Famulari, 2023).
3.1. Role of indoor plants in space-limited urban environments
	Urban landscapes are often characterized by limited access to ground-level soil, restricted construction boundaries, and shrinking open spaces. As cities become more vertical, conventional gardening alternatives are drastically decreasing. Bonsai presents a practical alternative, allowing inhabitants and institutions to incorporate greenery into small places without needing large areas of land. They are grown in small, regulated pots, making them suitable for apartments, balconies, terrace gardens, and limited architectural areas where larger plants struggle to survive. Furthermore, bonsai helps to maximise both vertical and horizontal green surfaces. Their positioning enables cities to "green upwards" and use all available microspaces (Priya and Senthil, 2024; Bellini et al., 2025).
3.2. Indoor environment enhancement
The majority of indoor environments today use Light Emitting Diodes (LED), synthetic heating and coolants, and plastic or alternative building materials. These conditions negatively impact indoor air quality, which is recognized as one of many contributors to sick building syndrome and respiratory dysfunction (Nag, 2018). Using bonsai as a natural biofilter is a potential solution for overcoming these conditions. They leaves absorb CO2 through photosynthesis while simultaneously releasing fresh oxygen; additionally, the way leaf surfaces interact with the air, along with microorganisms that inhabit the rhizosphere, offer a robust dust-trap and minimize indoor air pollution levels (Dabbour & Shaban, 2025). The presence of bonsai plants can also help regulate indoor microclimates by increasing humidity through transpiration, thereby alleviating dry conditions caused by air conditioning systems.
4. Ecological benefits
As urban dwellers spend the majority of their lives in an indoor environment, it follows that the air and the overall climate affect their health. Indoor plants provide many important functions to enhance the environment by improving air quality and supporting microclimate regulation and small-scale urban biodiversity (Torpy et al., 2014). Although bonsai trees are considerably smaller than their full-sized counterparts, they have a significant impact on the ecological state of the interior environments. The process of cultivating bonsai trees, controlling growth through containerization, developing a high density of foliage, and allowing for a long life span, means that they can be utilized to create green features in areas where space is limited while still being valuable. Like other houseplants, these influence the amount of air pollutants within the indoor environment and affect the stability of the microclimate and particle matter levels. This chapter will discuss three specific ecological benefits of growing bonsai: filtering the air, regulating the microclimate, and capturing dust particles.
4.1. Air purification and carbon sequestration
Indoor air pollution is a significant public health hazard, with typical pollutants from various sources, including benzene, formaldehyde, xylene, ammonia, and volatile organic compounds, all of which have accumulated in enclosed spaces (Nandan et al., 2021). Many studies have shown that indoor plants can be utilized to reduce these harmful chemicals in the air through various processes by breaking down or absorbing pollutants from the air through their roots and leaves (Maheshwari et al., 2022; Kumar et al., 2023). Although bonsai trees are significantly smaller than other houseplants, they have very dense foliage and have more than enough surface area on the leaves to assist with the absorption of pollutants. Common bonsai tree species, including Ficus, Juniperus, Jade, Carmona, and Schefflera, are proven to have a high ability to remediate soil or remove harmful substances from air/pollutants in regular indoor horticulture (Dela Cruz et al., 2014). The physiological mechanisms of the miniature versions of these plants support the same processes of gas exchange and removal of harmful substances as the full-size versions.
4.2. Microclimate regulation and humidity balance
Plants have a positive effect on indoor environments by regulating moisture levels, minimizing climate variation, and improving comfort in buildings by providing a thermally stable environment. It creates a higher moisture content in the air by releasing water vapor through the process of transpiration; therefore, as indoor air is generally very dry (due to the use of A/C units), this is an essential service for plants in indoor environments (Priya and Senthil, 2024). Because bonsai can maintain consistent water supply cycles, they can produce consistent levels of evaporation from indoor spaces, even if they use less total water than larger pots. The evergreen foliage of bonsai will allow for the continued steady flow of moisture from their woody stems, which works well to help balance moisture levels indoors (Lokare and Keshamma, 2021). Microclimates with stabilized humidity have been demonstrated to create healthier indoor environments and reduce the likelihood of negative health impacts due to air pollution. This ecological role is especially advantageous in compact urban areas where air conditioners or heaters operate for long periods of time, generating environmental dryness.
4.3. Carbon sequestration
The study and maintenance of potted or containerised plants is regarded as a technique of improving indoor air quality, particularly in metropolitan areas. A 2025 research discovered that containerised decorative plants reduced CO2 levels in the air (from 1,200 ppm to < 200 ppm) when cultivated under proper lighting conditions. A modelling study predicted an annual carbon sequestration of around 1.7 kg CO2 per m-2 leaf area (Chang et al., 2025). Potted plants have been shown to absorb Nitrogen Dioxide (NO2), another harmful pollutant, from indoor and/or workplace air when grown under normal conditions, suggesting that potted plants could be an inexpensive means of reducing air pollution in urban settings through natural processes. These processes include phytoremediation using the plant's leaf surface, as well as the activity of root-zone microbial communities that absorb volatile organic compounds and other pollutants from the gaseous phase of the air through either metabolism or adsorption (Gubb et al., 2022; Tian et al., 2023).
5. Aesthetic and architectural contributions
Indoor plants have remarkable aesthetic and architectural value and are essential in developing the important elements of interior design, spatial layout, and the cultural aspects of urban living. The colour, texture, form, and structure of plants are important when adding to the 'homeliness' of indoor space and increasing the sensory experience (Khan and Kamal, 2023). Modern cities are now dominated by interior spaces, and bonsai provide an immediate natural aspect to these often hard-line architectural designs, giving them greater richness to the overall interior atmosphere while providing a calming focal point for the viewer (Zhao et al., 2021). The fact that bonsai are viewed by many interior designers and architects as functional artwork makes them an increasingly attractive tool for enhancing a variety of design and spatial types, and to further promote their users' biophilic wellbeing (Kellert, 2018).
5.1. Visual appeal and artistic integration
Bonsai trees are highly prized because of their intricate structures and their representations of nature within the confines of a pot as miniature representations of actual trees, and also perhaps because their aesthetic qualities and sculptural form resemble those found in natural landscapes. Th​e aesthetic app​eal of bonsai trees is through the combination of their parts, such as to balance the visual complexity of how a person sees and interacts with the trees against the harmony of the composition (Pietraszko & Sobota, 2008). The balance is consistent with the principles of biophilic design in that it incorporates the use of organic patterns and forms, together with other elements and experiences, in giving an environment a visual sense of well-being and supporting psychological wellness (Kellert & Calabrese, 2015).
[bookmark: _Hlk215827259]Because of their ability to create visual interest through their unique shapes and forms, bonsai create a heightened level of aesthetic experience in an indoor atmosphere (Hermann and Edwards, 2021). In addition to being visually stunning, many interior designers use bonsai as functional works of art within their designs due to the elegance of their structure being similar to that of traditional art forms such as paintings and sculptures (Pietraszko and Sobota, 2008). Therefore, bonsai can be viewed as both a horticultural product and an artistic component, creating visual interest and texture within enclosed spaces in urban areas.
5.2. Bonsai in landscape architecture and urban design
In recent years, the use of bonsais in commercial and residential landscapes, as well as their assimilation into the design vocabulary of architects and planners for creating visually pleasant interior spaces, has grown significantly (Wah, 2025). A bonsai tree’s compact size allows it to be placed in hotel lobby areas, retail malls, corporate offices, and public cultural places, without requiring a large amount of floor space. Bonsais are frequently used in hospitality and corporate design to inspire perceptions of elegance, refinement, and cultural richness, so as to define a distinctive and emotionally linked atmosphere (Singh, 2017). With their ability to work within multiple architectural styles (minimalist, modernism, classical, and cultural aesthetics), bonsais can be made to fit seamlessly into almost any design concept.
5.3. Cultural identity and symbolism
Bonsai trees are not only aesthetically pleasing, but they also represent a deep connection to the cultural heritage of East Asia. They embody values of discipline, harmony between nature and humanity, and balance throughout their creation. Bonsai trees are believed to exemplify some traditional Chinese and later Japanese philosophies of life, such as patience, resilience, respect for nature, and the beauty found in imperfection (Hermann, 2013). As a representation of these cultural beliefs, from their historical origin, not only do they have a significant meaning, but they can also provide an important cultural expression through their art form, which offers both historical and spiritual richness (Wah, 2025). Displaying bonsai trees within public and private spaces adds to a city’s or institution’s cultural identity while also providing a means by which people in an urban area can create links between their community and their cultural heritage. Cities and organizations that have incorporated bonsai into their green infrastructure, such as cultural centers, museums, and educational institutions, promote the appreciation of different cultures and support the preservation of traditional arts (Jonas, 2007; Moore and Atherton, 2021). Bonsai trees can be integrated into various themes in the urban environment, such as restaurants, meditation rooms, and wellness centers, because they embody ideas of balance and tranquillity. By combining cultural values with ecological functions, bonsai provides an opportunity to create an urban aesthetic identity and supports culturally informed approaches to the greening of urban spaces.
6. Psychological and well-being benefits
Indoor plants and bonsai possess substantial psychological impacts that extend beyond aesthetic appeal and ecological benefit. Urban areas are experiencing increased stress levels, mental fatigue, and sensory overload. The use of nature-based therapies is now receiving worldwide recognition for its important role in living a healthy lifestyle (Vijayakumar and Srivastava, 2024). Indoor greenery life encourages emotional stability, helps people make better cognitive choices, and promotes positive overall mental health through principles of environmental psychology and biophilia (Hall and Knuth, 2019). Bonsai trees are especially suited for creating restorative microenvironments that balance out the stressful aspects of living closely together in large urban areas due to their unique bio-design features and the practice of cultivating them as a meditative exercise.
6.1. Stress reduction and emotional relaxation
Indoor plant exposure has consistently been linked to decreased psychological stress and enhanced emotional calmness. According to Ulrich's Stress Recovery Theory (1984), visual contact with natural elements has an effect on triggering rest; this occurs via the activity of the body's parasympathetic response, which results in reduced blood pressure, muscle tension, and anxiety (Aydogan and Cerone, 2021). Bonsai trees share a close association with these benefits; as miniature trees, they exemplify peace and balance. When used indoors, they centre the space, allowing for a focus that generates feelings of calmness and peace. Research by Shibata and Suzuki (2004) also supports this view, finding that many small potted plants improved mood and lowered tensions for individuals working in cubicle environments. As the slow but rhythmic growth of bonsai trees, they also carry the added benefit of providing a source of interest for contemplative observation, which can give rise to mental escape from urbanisation, auditory stimulation, and stressors through their aesthetically pleasing forms.
6.2. Cognitive enhancement and rehabilitation support
The presence of indoor plants, including bonsai trees, enhances cognitive function by reducing distractions and improving concentration and problem-solving skills. The Attention Restoration Theory (Kaplan, 1995) states that exposing individuals to natural elements triggers "soft fascination" or effortless fascination. Research has demonstrated that having indoor plants in the workplace and educational environments improves cognitive clarity and focus, and decreases mental fatigue (Raanaas et al., 2011). Furthermore, growing bonsai trees also promotes executive function, which is the ability to control attention. This is particularly relevant in rehabilitation centers, therapeutic gardens, and elder-care facilities. 
People recovering from spinal cord injury experience improved relaxation, reduced levels of perceived stress, and increased levels of cognitive engagement during recovery sessions via the use of visual stimulation from bonsai trees (Ochiai et al., 2017). When individuals with limited mobility passively watch the bonsai, this activity has also been associated with decreased levels of mental fatigue and increased attention. For elderly individuals, cultivating bonsai has become a meaningful activity; it strengthens their memory and encourages hand-eye coordination, and it promotes a sense of personal agency (Jo et al, 2019). 
According to a study conducted by Song et al. (2018), the clinical rehabilitation setting has shown that viewing bonsai as a non-invasive cognitive stimulus has prolonged benefits for older adults. Viewing bonsai trees for at least one minute has been shown to activate the parasympathetic nervous system while simultaneously decreasing sympathetic activation. This aids in providing a sense of internal relaxation as well as a reduction of physiological stress due to anxiety. Transitioning to a more relaxed physiological state facilitates cognitive function because relaxation increases an individual’s focus and clarity of thought, which improves their ability to remember things well, especially in older adults. Thus, bonsai trees are both a low-risk therapeutic activity and provide an opportunity for cognitive enhancement.
7. Species selection and suitability for indoor bonsai
Selecting appropriate species for indoor bonsai is important for promoting healthy plants that will be able to adapt and thrive in the unique environment of the indoor microclimate. Indoor and outdoor environments are different with respect to the amount of light received, humidity levels, temperature fluctuations, and circulation of air around the plant. Consequently, it is thought that species of bonsai that grow naturally in tropical and subtropical areas where there are consistent year-round temperatures will be suited to growing indoors (Bender, 2015). The most commonly suggested indoor bonsai species are: Ficus benghalensis, Ficus benjamina, Schefflera arboricola, Bougainvillea glabra, Carmona retusa (Fukien Tea), Portulacaria afra (Jade plant), and Serissa japonica (Snow Rose), as they can tolerate low levels of light, varying humidity levels and restrictions on space available for root growth (Koreshoff 1984; Pessey and Samson, 1992). Figure 2 represents some bonsai species suitable for indoor environments. These species have many structural adaptations such as flexible leaves, strong root systems, and high degree of resistance to pruning which makes them an appropriate choice for the long-term care and/or styling of bonsai within an indoor environment.
Light availability is another crucial factor in plant viability for the cultivation of indoor plants. Most of the species require bright, indirect sunlight and should be cultivated in settings as similar to their native habitat (Morris and Saphire, 2008). Some of the species, such as Jade and Ficus, may grow under limited lighting levels. In certain species, including Carmona and Serissa, that need more light in an indoor environment, if these species are exposed to lower light levels, they will begin to deteriorate (Morris and Saphire, 2008; Prescott, 2017). For those plants using the Light-Emitting Diode (LED) grow lights, they possess light wavelengths tailored to a plant’s photosynthetic requirements (Loi et al, 2020). Ultimately, the perfect indoor bonsai should be selected from a species that can withstand the interior climatic conditions common in urban areas while maintaining the ideal aesthetic and structural features of traditional bonsai art. Knowing the particular development needs for various bonsai species allows urban gardeners to choose the best species and grow them in a way that extends their life and improves the overall greening impact of their house and surroundings.
8. Maintenance and care requirements for indoor bonsai
Indoor bonsai development includes careful light management, water, and humidity control, along with structural training, to compensate for the restrictions of indoor conditions. Sufficient lighting, ideally strong, indirect sunlight, is critical, since inadequate light is the leading cause of slow development in indoor woody plants. Watering needs to be regulated to keep the soil equally moist but well-drained, because confined root zones in small pots tend to be very susceptible to excess or under-watering. Indoor air is frequently dry owing to heating and air-conditioning systems; therefore, maintaining normal humidity levels benefits leaf health and decreases stress, particularly in tropical species like Ficus. Regular pruning and shaping serve to retain the smaller shape, improve branch arrangement, and promote uniform development. Periodic repotting avoids root clumping and maintains soil aeration, while regular pest monitoring, which is sometimes aided by poor light and inadequate ventilation, promotes continued plant vitality (Kawasumi II and Kawasumi III, 2005; Pathania et al, 2023). These approaches assure that indoor bonsai may effectively adapt to the small, regulated settings seen in modern urban areas.
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Figure 2: Commonly used bonsai trees for indoor spaces
9. Bonsai cultivation challenges in urban settings
Bonsai provides various ecological and psychological advantages. However, cultivating bonsai in urban areas presents several challenges, including limited space, microclimate differences, and the need for constant maintenance. For instance, a metropolitan area may not receive adequate sunlight due to shadows cast by numerous high-rise buildings, the shiny surface of buildings, and inadequate light penetrating the apartment through windows. Studies of indoor plant growth have clearly demonstrated that a lack of light, air circulation, and irregular humidity are the major factors that create stress on the plants in limited space (Torpy et al., 2014). Because particular bonsai varieties adapted to outdoor settings, such as junipers and pines, are sensitive to these environmental variations. The restricted containers' volume further complicates things by inhibiting root expansion and water retention, requiring frequent watering and precise substrate management to avoid root rot or desiccation (Koreshoff, 1984). Environmental fluctuations in urban indoor conditions lead to extreme temperatures, which can significantly affect bonsai growth during natural cycles. Furthermore, the beginners struggle with the technical skills necessary for proper pruning, wiring, shaping, and seasonal care, which requires long-term dedication and horticultural knowledge (Pessey and Samson, 1992). Collectively, these characteristics show that maintaining bonsai in urban households needs specialized knowledge, environmental adjustments, and regular monitoring to ensure plant vitality and long-term survival.
10. Future prospects and research directions
Future research on indoor bonsai cultivation should focus on a potential source of greater scientific evidence regarding their ecological, aesthetic, and psychological benefits, as most existing studies focus on general indoor plants rather than bonsai specifically. Key priorities for future studies include evaluating bonsai’s capacity for air purification and indoor carbon dynamics, as well as identifying species that perform well in limited light and controlled indoor microclimates. Experimental studies are also needed to clarify bonsai’s role in stress reduction, cognitive function, and rehabilitation processes, building on preliminary findings from visual-stimulation studies in elderly and clinical populations (Song et al., 2018). Innovative technologies, such as sensor-operated irrigation systems and optimized lighting, will enhance the promising opportunities to support bonsai cultivation in compact urban homes. Overall, future interdisciplinary research integrating horticulture, psychology, and environmental design has the potential to better incorporate bonsai into sustainable urban living and biophilic indoor architecture.
11. CONCLUSION
Indoor plants, particularly bonsai, offer meaningful ecological, aesthetic, and psychological value in increasingly compact urban living spaces. They provide several benefits, including cleaning the air, helping to regulate microclimates, enhancing aesthetic value, and improving mental health, making them a valuable addition to creating an indoor green environment. Although bonsai require proper species selection and maintenance, they have strong potential to improve indoor environments. Continued research and advancement in technology support can further strengthen their role in sustainable and health-oriented urban lifestyles.
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