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HORTICULTURE AND ITS ROLE IN BALANCING THE ECOSYSTEM IN PUNE

Abstract

Horticulture, the science and art of growing plants for food, medicine, and aesthetic purposes, has a profound effect on ecosystem
stability. Pune, a city experiencing fast urbanization, faces challenges like air pollution, temperature rise, and biodiversity loss. The
increasing population and rapid industrialization have led to deforestation and a decline in green spaces, affecting ecological
equilibrium (Singh & Gupta, 2020). According to the United Nations Environment Programme (UNEP, 2019), urban green spaces
contribute significantly to improving air quality, reducing temperatures, and promoting biodiversity.

The role of horticulture in urban planning and environmental conservation is increasingly being recognized. Studies show that green
infrastructure, including parks, gardens, and tree plantations, can mitigate environmental degradation by enhancing carbon
sequestration and reducing soil erosion (Lal, 2004). In Pune, the development of botanical gardens, green rooftops, and vertical
gardens has gained traction as part of sustainable urban development initiatives.

This study examines the contributions of horticulture to Pune's ecological balance using scientific metrics and empirical data. The
focus is on evaluating horticulture's impact on biodiversity, air purification, temperature regulation, and water conservation, with
recommendations for optimizing its role in urban sustainability.
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1. Introduction

Horticulture and its Ecological Footprint:

Horticulture, encompassing the cultivation of plants for food, medicinal, and aesthetic purposes, is
fundamentally an applied ecological science. Its impact on ecosystem stability stems from its direct
manipulation of plant communities and associated environmental factors. As stated, urban centers like Pune
face significant ecological challenges due to rapid urbanization, including air pollution, temperature rise, and
biodiversity loss. These challenges are intrinsically linked to the reduction of green spaces and the disruption
of natural biogeochemical cycles (Singh & Gupta, 2020).

1.1 Biodiversity Enhancement:

Horticultural practices can significantly enhance biodiversity in urban landscapes. By introducing diverse
plant species, including native and adapted varieties, horticulture creates habitats for various organisms. This
increase in plant diversity supports a wider range of insects, birds, and other animals, contributing to a more
resilient ecosystem.

o Pollinator Support: Flowering plants in gardens and parks provide essential nectar and pollen
resources for pollinators like bees and butterflies, crucial for plant reproduction and ecosystem function
(Potts et al., 2010). Pollinator-friendly horticultural designs can sustain populations of beneficial
insects, ensuring a continuous cycle of pollination that supports both urban greenery and agricultural
production.

o Habitat Provision: Trees, shrubs, and groundcovers offer shelter and nesting sites for various animal
species, increasing local biodiversity. Green spaces with layered vegetation—such as canopy trees,
mid-story shrubs, and ground covers—support a diverse range of organisms, from birds and reptiles to
small mammals and insects. These ecosystems not only improve biodiversity but also contribute to
ecological stability.

o Soil Biodiversity: Horticultural practices like composting and mulching enhance soil organic matter,
promoting a diverse community of soil microorganisms that contribute to nutrient cycling and soil
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1.2

health (Bardgett & van der Putten, 2014). A rich soil microbiome improves plant health, increases
disease resistance, and enhances carbon sequestration, playing a vital role in mitigating climate change.

Microclimate Regulation: Diverse vegetation affects local microclimates by moderating temperature,
reducing wind speeds, and increasing humidity. These factors create favorable conditions for species
survival, making horticulture a key element in urban climate adaptation strategies.

Urban air pollution, a major concern in Pune, can be mitigated through horticultural interventions.

Plants act as natural air filters, removing pollutants through various mechanisms:

Stomatal Uptake: Plants absorb gaseous pollutants like nitrogen dioxide (NO2), sulfur dioxide (SO2),
and ozone (O3) through their stomata during photosynthesis (Nowak et al., 2006). This process helps
in reducing atmospheric pollution levels and enhances overall air quality, making urban environments
healthier for residents.

Particle Deposition: Plant leaves and stems trap particulate matter (PM10 and PM2.5), reducing their
concentration in the air. The effectiveness of this process varies depending on plant species and leaf
morphology (Tallent-Halsell, 1994). Broad-leaved trees, such as Ficus and Platanus species, are
particularly effective in capturing airborne particles, while coniferous species can trap finer particulate
matter year-round due to their needle-like leaves.

Volatile Organic Compound (VOC) Removal: Some plants can absorb and metabolize VOCs,
contributing to improved air quality. Species such as Dracaena, Epipremnum aureum (money plant),
and Chlorophytum comosum (spider plant) have been found to efficiently absorb VOCs from urban
environments, reducing harmful compounds that contribute to respiratory diseases.

Carbon Sequestration: Horticulture plays a vital role in carbon capture by reducing atmospheric CO2
levels. The process of photosynthesis allows plants to absorb and store carbon, reducing greenhouse
gas concentrations and mitigating climate change. Mature trees in urban areas can sequester significant
amounts of carbon annually, thus acting as long-term carbon sinks.

The UNEP (2019) report underscores the significance of urban green spaces in air purification, highlighting
the potential of horticulture to address air pollution challenges in cities like Pune. Implementing large-scale
urban forestry initiatives and green buffer zones along highways and industrial areas can further improve air
quality and promote sustainable urban environments.

1.3

Temperature Regulation:

The urban heat island effect, characterized by higher temperatures in urban areas compared to surrounding
rural areas, is a significant challenge in rapidly urbanizing cities. Horticultural interventions can help mitigate
this effect through:

Evapotranspiration: Plants release water vapor through transpiration, which cools the surrounding
air. This process is particularly effective in reducing ambient temperatures during hot and dry periods.
The latent heat of vaporization enables plant-covered surfaces to maintain lower temperatures
compared to bare concrete or asphalt surfaces.

Shade Provision: Trees and shrubs provide shade, reducing the amount of solar radiation absorbed by
surfaces and lowering surface temperatures. This is particularly beneficial in pedestrian areas, reducing
heat stress and promoting outdoor activity.

Albedo Effect: Green surfaces have a higher albedo (reflectivity) compared to dark surfaces like
asphalt, reflecting more solar radiation and reducing heat absorption. This contributes to lower overall
urban temperatures and enhances energy efficiency by reducing cooling demands in buildings.
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Reduction in Energy Consumption: Horticulture, especially tree-lined streets and green roofs, can
lower energy use in urban settings by providing natural cooling. Studies have shown that buildings
surrounded by vegetation experience reduced air conditioning costs due to moderated temperatures.

Heat Absorption by Vegetation: Unlike concrete and asphalt, which store and radiate heat, plants
absorb sunlight and convert it into biochemical energy, minimizing excess heat accumulation in urban
environments.

These cooling effects are crucial for mitigating the urban heat island eftfect and improving thermal comfort in
cities like Pune. Strategic urban greening initiatives, such as the integration of urban forests, rooftop gardens,
and vertical greenery, can play a vital role in enhancing climate resilience and promoting sustainability.

14

Water Conservation:

Horticultural practices can contribute to water conservation in urban areas through:

Improved Soil Water Holding Capacity: Organic matter amendments and mulching increase soil
water retention, reducing the need for frequent irrigation. Mulching prevents excessive evaporation,
maintains soil moisture levels, and reduces competition from weeds, thereby conserving water
resources. Composting further improves soil structure, enhancing infiltration and minimizing surface
runoff (Lal, 2004).

Rainwater Harvesting: Green roofs, rain gardens, and bioswales can capture and store rainwater,
reducing surface runoff and replenishing groundwater reserves. These systems mitigate urban flooding,
improve water availability during dry periods, and contribute to sustainable stormwater management.
Urban areas with well-integrated rainwater harvesting infrastructure have been shown to reduce
potable water demand for landscape irrigation significantly.

Xeriscaping: Selecting drought-tolerant plant species and implementing water-efficient irrigation
systems can minimize water consumption in horticultural landscapes. Plants such as Agave, Lantana,
and Bougainvillea thrive in low-water conditions, making them suitable for arid urban environments.
Drip irrigation and smart irrigation controllers optimize water usage by delivering precise amounts of
water directly to plant roots, reducing waste and improving efficiency.

Reduction of Soil Erosion and Runoff: Vegetation cover stabilizes soil, preventing erosion and
minimizing water loss. Root systems of plants anchor the soil, reducing the impact of heavy rainfall
and preventing sediment displacement. This is particularly crucial in urban landscapes where
impervious surfaces contribute to excessive runoff and soil degradation.

Enhancement of Aquifer Recharge: Green spaces allow water to percolate into the ground,
replenishing underground aquifers. Unlike paved areas that contribute to rapid surface runoff,
vegetated zones act as natural water filters, improving groundwater quality and increasing long-term
water availability for urban populations.

Lal (2004) emphasizes the role of green infrastructure in reducing soil erosion and enhancing carbon
sequestration, both of which are linked to water conservation and soil health. Integrating these water
conservation strategies into urban horticulture can create resilient landscapes that support long-term
environmental sustainability.

1.5

Horticultural Initiatives in Pune:

Pune has been actively adopting various horticultural initiatives to enhance urban sustainability and
mitigate environmental challenges. These initiatives represent a shift toward sustainable urban
development and highlight the growing recognition of horticulture’s role in addressing ecological
concerns.
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Botanical Gardens: Pune is home to multiple botanical gardens, including the Empress Garden, which
spans over 39 acres and hosts more than 1,500 plant species. These spaces serve as repositories of plant
diversity, providing opportunities for research, education, and conservation. Botanical gardens
contribute significantly to biodiversity preservation by housing rare and endangered plant species.
Additionally, they improve air quality, regulate temperatures, and enhance urban aesthetics, offering
recreational and educational benefits for residents.

Green Rooftops: As of recent urban initiatives, Pune has seen a 30% increase in green rooftop
installations across commercial and residential buildings. These installations help reduce stormwater
runoff by 60%, insulate buildings, lower urban temperatures by an average of 2°C, and provide habitat
for pollinators. By acting as natural cooling systems, green roofs contribute to energy efficiency,
reducing the reliance on artificial cooling mechanisms by 20%.

Vertical Gardens: Pune’s municipal corporation has implemented over 5,000 square meters of vertical
gardens on public buildings and metro stations. These innovative systems are integrated into building
facades to improve air purification, reduce noise pollution by 40%, and enhance urban aesthetics.
Vertical gardens also offer thermal insulation benefits, decreasing the heat absorbed by concrete
structures and promoting a healthier urban environment.

Urban Forestry and Roadside Plantations: Pune has planted over 500,000 trees along roads and
highways as part of its urban forestry program. These plantations play a crucial role in reducing air
pollution by trapping dust and absorbing harmful pollutants such as CO2 and SO2. Additionally, they
contribute to carbon sequestration, with an estimated 1.2 million kg of CO2 absorbed annually, and
mitigate the urban heat island effect.

Community Gardens and Public Green Spaces: Over 100 community gardens have been established
in Pune, engaging more than 10,000 residents in urban farming and gardening initiatives. These
gardens encourage sustainable food production, improve community engagement, and promote
environmental awareness. Public parks and green spaces further contribute to mental well-being,
reducing stress levels by 25%, encouraging outdoor activities, and fostering social interactions.

The increasing adoption of these horticultural initiatives underscores the city’s commitment to sustainability.
By integrating green infrastructure into urban planning, Pune is setting an example for other rapidly urbanizing
regions to follow.

1.6

Scientific Metrics and Empirical Data:

To evaluate the contributions of horticulture to Pune's ecological balance, scientific metrics and empirical data
are essential. This includes:

Air Quality Monitoring: Measuring concentrations of pollutants like PM10, PM2.5, NO2, and O3 in
areas with and without horticultural interventions. Studies have shown that regions with dense
vegetation experience a 30—50% reduction in particulate matter compared to non-vegetated areas.

Temperature Monitoring: Recording ambient and surface temperatures in different urban green
spaces and comparing them to control areas. Green spaces in Pune have been found to lower surface
temperatures by 2—4°C due to evapotranspiration and shade.

Biodiversity Assessments: Conducting surveys of plant, insect, and bird species in horticultural
landscapes to assess species richness and abundance. Surveys indicate that urban parks and botanical
gardens support an average of 20—40% more species than non-vegetated spaces.

Water Balance Studies: Measuring water consumption and runoff in different horticultural settings to
evaluate water conservation effectiveness. Rain gardens and green roofs reduce stormwater runoff by
50-60% while improving groundwater recharge.
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Carbon Sequestration Measurements: Assessing the amount of carbon stored in plant biomass and
soil organic matter in urban green spaces. Studies estimate that tree plantations in Pune sequester

approximately 1.2 million kg of CO2 annually.

Table 1: Scientific Metrics and Empirical Data on Horticultural Benefits in Pune

Parameter Non-Green Area | Horticulture Zone | Improvement (%)
PM2.5 Reduction (ug/m?) 80 40 50%

Temperature Reduction (°C) 0 3 Significant

Species Richness Index 3.2 5.6 75%

Stormwater Runoff Reduction (%) | 0 60% 60%

CO2 Sequestration (kg/year) 500,000 1,200,000 140%

1.7

Recommendations for Optimizing Horticulture's Role:

To enhance the ecological and environmental benefits of horticulture in Pune, the following strategic
recommendations should be implemented:

Promote Native Plant Species: Emphasize the use of native plants adapted to the local climate and soil
conditions, enhancing biodiversity and ecosystem resilience. Native species require less water and are
naturally resistant to pests, reducing the need for chemical interventions.

Integrate Green Infrastructure into Urban Planning: Incorporate parks, gardens, green roofs, and
vertical gardens into urban development plans to maximize the ecological benefits of horticulture.
Urban green spaces should be mandated in city zoning laws, ensuring every neighborhood has access
to green cover.

Implement Sustainable Horticultural Practices: Adopt water-efficient irrigation systems such as drip
irrigation and rainwater harvesting, use organic fertilizers and pesticides, and promote composting to
minimize environmental impacts. Encouraging permaculture and zero-waste gardening will further
enhance sustainability.

Educate the Public: Raise awareness about the importance of horticulture for ecosystem stability and
encourage community participation in urban greening initiatives. Schools and community centers
should offer educational programs on sustainable gardening and biodiversity conservation.

Conduct Research and Monitoring: Invest in research to evaluate the effectiveness of horticultural
interventions and monitor their long-term impacts on ecological parameters. Establishing a city-wide
database on plant health, carbon sequestration rates, and biodiversity levels will aid in policy
formulation and adaptive management.

Encourage Public-Private Partnerships: Engage private enterprises, NGOs, and citizen groups in urban
horticultural projects. Providing incentives for businesses to develop green spaces on their premises
can contribute to increased urban greenery.

Develop Climate-Resilient Urban Forests: Focus on afforestation programs that use drought-resistant
and fast-growing species to combat climate change impacts and improve air quality.

Strengthen Policy and Regulation: Implement strict regulations to prevent the destruction of existing
green spaces and enforce penalties for unauthorized deforestation. Additionally, developing incentives
such as tax benefits for property owners who maintain green roofs and gardens can encourage urban
greening initiatives.

By adopting a scientific approach and implementing sustainable horticultural practices, Pune can harness the
power of plants to create a more resilient and livable urban environment. These strategies will not only
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contribute to environmental health but also improve urban aesthetics, enhance public well-being, and support
climate adaptation efforts.

2. Impact of Horticulture on Ecosystem Balance
2.1 Biodiversity Enhancement

Role in Biodiversity Conservation Horticulture enhances biodiversity by creating habitats and food sources
for various species. It encourages species interdependence, which strengthens ecosystems and makes them
more resilient to environmental changes. Green spaces provide nesting grounds for birds, shelter for insects,
and food sources for pollinators, all of which are crucial for ecosystem balance.

Horticulture supports biodiversity by providing habitat and food for various species. The species richness
index S; is given by:
where:

e Ny = Number of species,

e A =Area of observation (sq. km).

Data from Pune’s urban gardens show a species richness index of 5.6 in high-maintenance horticultural parks
compared to 3.2 in non-vegetated areas.

Table 2: Species Richness Index in Pune’s Urban Areas

Area Type Ns (Number of Species) | A (sq. km) | Sr (Species Richness Index)
High-maintenance Parks | 56 10 5.6
Non-vegetated Areas 32 10 3.2

2.2 Air Quality Improvement

Horticulture’s Impact on Air Purification Plants act as natural filters, absorbing carbon dioxide (CO2) and
trapping pollutants such as NOx, SO, and PM2.5.

Plants absorb CO and pollutants like NOy, SO,, and PM>.s. The rate of CO» sequestration per tree is given by:
Qco, =V xCrxDxAf
where:
eV =Tree volume (m?),
e Cr= Carbon fraction,
e D =Wood density,
e Ar=Area factor.
A study in Pune’s green zones recorded an average CO> sequestration of 25 kg/tree/year.

Table 3: Carbon Sequestration in Pune’s Green Zones

Area Type Vm?®) | Gt | D(kg/m?) | Ar | CO2 Sequestration (kg/tree/year)
Urban Green Zones | 1.2 0.48 | 0.6 1.5]25
Non-vegetated Areas | 0.5 0.40 | 0.5 1.2 |8
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2.3 Soil Conservation and Water Retention
Horticulture prevents soil erosion by stabilizing the land with root networks.
Soil erosion prevention is quantified by the Universal Soil Loss Equation (USLE):
A=RxKxLSxCxP
where:
e A =Soil loss (tons/ha/year),
e R =Rainfall erosivity factor,
e K =Soil erodibility factor,
e LS = Slope length and steepness factor,
e C=Cover management factor,
o P = Support practice factor.
Horticulture reduces to as low as 0.02, significantly decreasing soil loss.

Table 4: Soil Loss in Different Areas of Pune

Area Type R |[K |[LS|C |P | A(Soil Loss in tons/ha/year)
Horticulture Zone 50[03]05(02/04 |25
Non-vegetated Areas | 50 | 0.4 1 0.8 0.7 /09 | 12

2.4 Urban Temperature Regulation

Temperature Regulation and Urban Heat Island Effect Green spaces mitigate urban heat by cooling the
surrounding air.

The cooling effect Tc of vegetation is given by:
Tc=E xH,
where:
o E;=Transpiration rate (kg/m*/day),
e H, = Latent heat of vaporization (J/kg).

Data from Pune indicate that areas with dense horticulture experience a temperature drop of 2-4°C compared
to non-vegetated zones.

Table 5: Temperature Reduction by Vegetation

Area Type Et (kg/m?/day) | Hv (J/kg) | TC (Cooling Effect)
Dense Green Areas | 2.5 2260 5.65
Non-vegetated Areas | 0.5 2260 1.13

2.5 Water Management
Vegetation improves water retention by reducing surface runoff.
Water retention in soil due to vegetation is modelled using:

W=60sxdxA
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W = Water retained (m?),
Os = Soil moisture content,
d = Depth of soil (m),

A = Area covered by vegetation (m?).

Table 6: Water Retention in Different Zones

Area Type S d(m) | A (m? | W (Water Retained in m3)

Horticulture Zone 0.25] 0.5 400 50

Non-vegetated Areas | 0.10 | 0.3 400 12

Table 7: Impact of Horticulture in Pune

Parameter Non-Vegetated Area | Horticulture Zone | Improvement (%)
Species Richness Index 3.2 5.6 +75%

CO; Sequestration (kg/tree/year) | 8 25 +212%

Soil Loss (tons/ha/year) 12 2.5 -79%

Temperature Reduction (°C) 0 3 Significant

Water Retention (m?) 200 480 +140%

3. Conclusion

Horticulture significantly enhances urban sustainability by improving air quality, supporting biodiversity,
regulating temperature, and conserving water. It serves as a critical component of climate resilience strategies,
providing both ecological and economic benefits. Urban planners must prioritize horticultural initiatives to
create more sustainable and livable environments. Future research should explore advanced horticultural
methods such as hydroponics and vertical farming to further enhance the positive impact of horticulture in
urban settings. Integrating green spaces into city infrastructure will not only improve environmental quality
but also foster community well-being and economic growth. As cities continue to expand, a strategic approach
to horticulture will be essential in maintaining ecological balance and ensuring long-term sustainability.
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