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Abstract: Bonsai is the art of growing small trees in a special way. It started as a spiritual and artistic
tradition but now is being studied by scientists too. This review brings together new knowledge about
how bonsai trees are grown, how they adapt to being small, how to care for their soil and water, and
how to handle pests and diseases. It also looks at how bonsai contributes to understanding plant growth,
stress responses, and making cities greener. Even though bonsai has strong cultural roots, modern
research is using science to improve how bonsai trees grow and survive. By combining tradition with
science, this review gives a full picture of where bonsai is now and where it might go in the future.
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L. INTRODUCTION
Bonsai is an old practice that makes trees look small through careful cutting, shaping, and growing techniques.
It began in East Asia, mainly in China and later Japan, and is now an international art form that mixes beauty with plant
knowledge. While it has strong traditions, recent studies look at how plants change when they are kept small, how soil
affects them, and how they deal with environmental stress. This review brings together findings about bonsai biology
and care, connecting cultural history with scientific methods to offer a complete view of current bonsai research.
The history of bonsai is tied to the idea of small living trees that show harmony between people and nature.
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Early Chinese texts from the Tang Dynasty talked about growing trees in pots as a way to show balance and
philosophy. In Japan, bonsai became a refined art, focusing on natural shapes, balance, and beauty in small forms.
Although these traditions still influence bonsai today, modern research looks at how plants respond to the special
conditions of bonsai cultivation using scientific methods.

One important area of study is how plants grow when they are kept small.

Bonsai trees are made small by regularly trimming their roots and shoots. Recent studies show that trimming changes
the way hormones work in trees, especially the balance between auxin and cytokinin, which controls branching and
growth. Trimming can make trees grow more in branches because the auxin levels go down at the cut points, and
bonsai artists use this to shape the trees the way they want.

Another key factor is how the soil is made.

Bonsai soils are different from regular garden soil; they are specially made to hold water but also let air in, using
materials like akadama, pumice, and lava rock. Research shows that the texture of the soil affects the roots and how the
plant handles stress. For example, soil that lets air in helps the roots breathe better and take up nutrients, while soil that
stays too wet can cause root rot and diseases, showing how important it is to mix the soil right.

Environmental stress like drought, temperature changes, and light levels also affect bonsai plants.

Controlled water stress has been shown to help some trees grow deeper roots and be more drought tolerant, which is
good for making resilient small trees. Light is also important because enough light helps plants make food, which is
needed for growth and healing after pruning or shaping.

Wiring and shaping branches is a unique part of bonsai.

Wiring helps shape the branches, but if it's not done right, it can hurt the tree and cause long-term damage. Modern
practices focus on checking and adjusting wires often to avoid harming the tree.

In short, bonsai mixes art with biology.

Modern research helps us understand how plants react to stress, how the soil affects them, and how to care for them,
helping both the scientific and artistic sides of bonsai.

II. PHYSIOLOGICAL RESPONSES TO MINIATURIZATION
Making bonsai small comes from limiting root growth, pruning, and controlling how nutrients are given.
Studies show that when roots are limited, it changes how hormones work, especially auxins and cytokinins, which
control how shoots grow and branch. The balance between roots and shoots affects how well the plant gets water, the
shape of leaves, and how the stomata (tiny holes on leaves) work.
Research shows that bonsai trees may grow thicker leaves, have shorter spaces between leaves, and develop different
root structures as ways to adapt to being small.

I11. SUBSTRATE SELECTION AND WATER MANAGEMENT
The type of soil used in bonsai has a big impact on how much water is available, how well air can get to the roots, and
how nutrients move.
Traditional bonsai soil uses materials like akadama, pumice, and lava rock to balance how well it drains and holds
water. New studies look at different soil mixtures and how they affect the roots and the way the tree grows.
Watering is especially important because bonsai trees have small roots in small pots.
Using tools like tensiometers and sensors to check soil moisture helps water the trees more accurately, reducing stress
from too little or too much water. Research also shows that watering should be adjusted with the seasons to match how
the tree grows and changes over time.

Plants for Bonsai
Any type of woody plant that can live for many years can be turned into a bonsai.
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This is possible if the plant can handle being in a small pot, being pruned regularly, and growing in a limited space. The
plant's ability to adjust to less root space and controlled growth is key to being good for bonsai. Some tropical plants
can be kept inside with proper care, but most traditional bonsai are plants that can survive outdoors and need to rest
during the winter to stay healthy. During this rest time, it's important to protect the plant from very cold weather and
strong, drying winds to prevent damage to the roots in the small pot.

Some plant groups are often preferred because of their looks, how they respond to pruning and shaping, and their
interesting features during different seasons.

These plants usually have small leaves or needles, nice bark, lots of flowers, or attractive fruits and cones.

Azalea, which is a type of Rhododendron, is often used in bonsai because it is adaptable and produces many flowers.
These plants respond well to shaping and can be made into various bonsai styles. In late spring, they bloom with
colorful flowers, adding more beauty to the bonsai.

Beech, a type of tree that loses its leaves in the fall, is often shaped into an informal upright style.

Beech trees are valued for their smooth bark and fine branches. They need careful shaping, especially in how the leaves
and branches look, because they can be sensitive to bad pruning.

Fig is a tropical plant that is often grown as a bonsai inside.

Some species are very tolerant of pruning and can form roots in the air. While they can live inside, they do better when
they get some outdoor time during warm weather, where more light helps them grow better and stronger.

Juniper is a good choice for beginners because it is hardy, flexible, and easy to train.

It is an evergreen tree that can be shaped into almost any bonsai style. Its small leaves and tough growth help make it
popular among bonsai growers.

Maple, especially Japanese maple and trident maple, is popular in bonsai because of its delicate leaves and changing
colors in the fall.

These trees respond well to pruning and look very nice when they have bright autumn colors.

Pine is a traditional choice in Japanese bonsai.

However, it is not usually recommended for beginners because it takes more skill to train. Special techniques, like
trimming the needles, require more knowledge. Short-needle pines are preferred because they look like mature trees.

IV. BONSAI TOOL BOX
Bonsai growing only needs a few tools, but precise tools help more with shaping and keeping the plant healthy.
Good tools make cutting more accurate and help prevent harm to the plant. High-quality tools, even though they cost
more, last longer and work better over time.
A good pair of sharp bonsai scissors is important.
These help with small cuts and trimming. It's best to use these scissors only for bonsai to keep them sharp and clean.
Making clean cuts helps the plant heal faster and reduces the chance of getting sick.
Other tools that are often used include special branch cutters for clean pruning, wire cutters for removing shaping
wires, and root hooks for repotting.
New growers can start with a simple set, but buying good, long-lasting tools helps with growing bonsai over time.

V. PRUNING, WIRING, AND GROWTH CONTROL
Pruning and wiring are basic techniques used to shape bonsai and control how it grows.
Pruning helps the plant grow in a certain way, encourages new branches, and affects the overall shape. Research shows
the time and amount you prune can affect how the plant uses food and how it grows back.
Wiring helps shape the branches and change how they curve, but you have to be careful not to harm the tree's growth
layer.
Studies have shown how trees respond to physical stress by changing their growth and thickening their tissues.
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VI. BONSAI STYLES
In Japanese bonsai, each tree is trained in a specific style that shows both artistic vision and how trees grow naturally.
Though there are over 100 styles, most experts recognize five main ones: formal upright, informal upright, slanting,
cascade, and semi-cascade. These styles form the basic and artistic basis of traditional bonsai.
The bonsai collection at the Chicago Botanic Garden includes trees in about 20 different styles, showing the many ways
bonsai can look within traditional rules.
Understanding these main styles is important to appreciate the look of traditional Japanese bonsai and modern growing
methods.

LTypes o; Bonsai 'I
v ¥ \ R

Formal Upright Informal Upright Slanting Slanting
(Chokkan) (Moyogi) (Shakkan) (Shakkan)

Formal Upright Informal Upright Slanting Cascade
(Chokkan) (Moyogi) (Shakkan) (Kengai)

Bonsai Styles
~ Flow Diagram

E,gv o B

Cascade (Kengai)

6.1 Formal Upright (Chokkan)

The formal upright (Chokkan) style represents the idealized image of a tree growing under optimal natural conditions.
In this style, the trunk must be completely straight and vertical, with a gradual and natural taper from base to apex. The
base of the trunk is thick and stable, narrowing progressively toward the top, symbolizing age and structural strength
(Koreshoff et al., 1997).

Branch placement in Chokkan follows a symmetrical yet natural pattern, decreasing in length and thickness toward the
apex. This style reflects trees growing in open plains where environmental stresses such as wind or competition are
minimal (Kumar, V., & Diwedi, P., 2011). Species with strong apical dominance—such as pines, junipers, larches, and
spruces—are particularly suitable because their natural growth habits align with the geometric precision required for
formal upright training (Kumar, V., & Diwedi, P., 2011).

6.2 Informal Upright (Moyogi)
The informal upright (Moyogi) style reflects natural tree growth shaped by environmental influences. In nature, trees
rarely grow in perfectly straight lines; they bend in response to wind, uneven sunlight, and spatial competition (Kumar,
V., & Diwedi, P., 2011). Moyogi captures this adaptive growth while maintaining overall balance.

In this style, the trunk curves gently, often forming subtle S-shaped movements. However, the apex must remain
vertically aligned above the base of the trunk to preserve the upright impression (Kumar, V., & Diwedi, P., 2011). The
curves should appear organic rather than forced.
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Moyogi is among the most widely practiced styles because it allows creative expression while maintaining structural
discipline (Koreshoff et al., 1997). Deciduous species, particularly maples, are popular choices due to their flexible
branching and responsive growth patterns (Kumar, V., & Diwedi, P., 2011). The asymmetrical branching enhances
realism and conveys the effect of time and environmental adaptation.

6.3 Slanting (Shakan)

The slanting style (Shakan) represents a tree influenced by persistent environmental forces such as wind or unstable
terrain (Kumar, V., & Diwedi, P., 2011). In this design, the trunk emerges from the soil at a noticeable angle rather than
vertically. The root system is often visibly stronger on the side opposite the lean, creating a realistic impression of
structural compensation.

To maintain visual balance, branches are arranged strategically, often with a dominant branch extending opposite the
slant. Shakan symbolizes resilience and adaptability in adverse conditions. Pines and junipers are frequently selected
due to their tolerance for structural manipulation and environmental stress.

6.4 Cascade (Kengai)

The cascade style (Kengai) is inspired by trees growing on cliffs or steep mountainsides where gravity forces branch
downward (Kumar, V., & Diwedi, P., 2011)). In this style, the trunk initially grows upward before bending sharply
downward, extending below the base of the container.

Because the tree descends below the pot, it is typically planted in tall containers to maintain proportional balance
(Kumar, V., & Diwedi, P., 2011). Kengai symbolizes perseverance under extreme environmental conditions (Kumar,
V., & Diwedi, P., 2011)). Conifer species, especially junipers, are ideal due to their flexible branches and hardy growth
habits (Harrington et al., 2008).

6.5 Semi-Cascade (Han-Kengai)

The semi-cascade style (Han-Kengai) represents a moderated version of the full cascade. While the trunk bends
downward, it does not extend below the base of the container (Koreshoff et al., 1997). Instead, the apex usually falls at
or slightly below the rim of the pot.

This style reflects trees growing along riverbanks or slopes where partial downward growth occurs due to
environmental pressure (Kumar, V., & Diwedi, P., 2011). Han-Kengai maintains a balance between dynamic
movement and structural stability. Like Kengai, it is commonly practiced with junipers and flowering shrubs.

VII. PEST AND DISEASE MANAGEMENT

Bonsai trees are susceptible to common horticultural pests including aphids, spider mites, and scale insects. Integrated
pest management (IPM) approaches tailored to bonsai minimize chemical use while maintaining plant health.
Biological control agents, cultural practices, and targeted applications of systemic insecticides are documented in
bonsai care manuals and horticultural literature.

Fungal pathogens such as powdery mildew and root rot are exacerbated by improper watering and poor air circulation.
Recent research supports the use of fungicidal treatments and preventative cultural practices in bonsai collections
(Kabir, M., & Hawkeswood, T., 2021).

VIII. BONSAI AND URBAN GREENING
Interest in bonsai as part of urban greening strategies has grown due to its aesthetic appeal and potential mental health
benefits. Studies on indoor plant interactions suggest that exposure to miniature trees can improve air quality, reduce
stress, and enhance wellbeing. The compact size and visual novelty make bonsai suitable for indoor environments
where green space is limited.
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IX. INTEGRATING SCIENCE AND TRADITION: OPPORTUNITIES FOR RESEARCH

Despite the cultural richness of bonsai, there is a need for rigorous, controlled experiments to quantify best practices.
Potential research areas include:

e  Hormonal profiling during pruning and drought stress

e Comparative substrate trials using sensor-based data logging

e  Molecular markers for stress tolerance and growth regulation

e Biomechanical analysis of wiring impacts on vascular development
Collaborations between traditional bonsai practitioners and plant scientists promise to deepen understanding of both art
and biology.

X. CONCLUSION

Bonsai cultivation exemplifies the intersection of aesthetic tradition and plant science. The five essential bonsai
styles—formal upright (Chokkan), informal upright (Moyogi), slanting (Shakan), cascade (Kengai), and semi-cascade
(Han-Kengai)—form the foundation of traditional Japanese bonsai design. Each style reflects specific ecological
growth patterns while adhering to aesthetic discipline. Through careful pruning, wiring, and environmental control,
bonsai artists translate natural tree morphology into refined miniature forms, blending artistic philosophy with botanical
science. While historically rooted in artistic expression, contemporary research is clarifying the physiological
mechanisms governing growth under constraint, refining substrate and water management strategies, and improving
pest control methods. Continued integration of empirical studies with traditional knowledge will enhance both scientific
insight and horticultural success.
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