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Abstract

This study aimed to assess the abundance, morphological features, and economic values of selected
tree species (Mango, Eucalyptus, and Bottle brush) within Company Garden of Saharanpur, Uttar
Pradesh, India. Through systematic survey and analysis, the results showed that Eucalyptus emerged
as the most abundant species, constituting 40% of the tree population. Mango trees, comprising
approximately 35% of the population, were out for their economic importance and cultural
significance. While their cultivation offers economic benéefits, their influence on biodiversity and soil
health warrants careful evaluation, particularly in the context of human cultivation practices. Bottle
brush trees, though least abundant at 15%, contribute uniquely to the ecosystem by providing
ornamental value and potential wildlife habitat. Their ecological contributions emphasize the
importance of preserving biodiversity within the ecosystem. On the other hand, analysis of
morphological and economic features highlighted the distinct characteristics of each species.
Eucalyptus, with its remarkable height and girth, proves valuable for timber production and
ecological functions such as erosion control. Mango trees, prized for fruit production and shade
provision, play a crucial role in agroforestry contexts. While Bottle brush trees may not be extensively
utilized for timber, their ornamental value and ecological contributions are noteworthy. Overall, the
study provides valuable insights into the abundance, morphological characteristics, and ecological
significance of tree species within the Company Garden.
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Statement of Sustainability: This research presents abundance, morphological characteristics, and economic significance of
specific tree species within the Company Garden of Saharanpur District, Uttar Pradesh, India. This study focused on integration of
detailed assessments i.e., abundance dynamics, morphological attributes, and economic valuation, offering a holistic understanding
of the ecological and socio-economic roles played by these selected tree species in a distinct geographical context, thus

contributing valuable insights to both scientific and conservation communities.

1. Introduction

Approximately 4% of global forested areas consist of plantations, established primarily for the provision of various
ecosystem services, notably timber and wood products (Bauhus et al., 2010). Alongside these services, plantation forests
offer both direct and indirect advantages to biodiversity, serving as habitats for diverse species and mitigating negative
impacts on natural forests by reducing the necessity for resource extraction. The empirical evidence indicates that
biodiversity in forests worldwide is directly influenced by climate change, manifested through alterations in temperature,
precipitation patterns, storm intensity, and frequency, fire occurrences, as well as pest and disease outbreaks (Hansen
et al.,, 2001). However, the ramifications of climate change on biodiversity in plantation forests extend beyond direct
effects. Climate-induced changes are expected to profoundly influence biodiversity through modifications in forest
management strategies aimed at mitigating climate change's impact on plantation productivity (Pawson et al., 2013).
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These strategies encompass alterations in species composition (including the utilization of species mixtures), rotation
periods, thinning practices, pruning regimes, biomass extraction for bioenergy, and large-scale climate-driven
afforestation, reforestation, and potentially, deforestation efforts (Hines et al., 2010). Considering both the direct and
indirect consequences of climate change, it is evident that in the short to medium term, adjustments in plantation
management practices intended to mitigate or adapt to climate change may exert a substantially greater influence on
biodiversity within these forests than the direct climatic effects themselves (Felton et al., 2016).

Climate change exerts direct and indirect effects on biodiversity, altering species distributions, population dynamics,
and ecosystem functioning (Matocha et al., 2012). Direct effects of climate change include changes in temperature,
precipitation patterns, and extreme weather events, such as storms and droughts (Trenberth et al, 2005). These
alterations can directly impact the physiology, behavior, and distribution of plant and animal species. For example, shifts
in temperature regimes may affect the timing of phenological events, such as flowering and leaf emergence, leading to
mismatches in species interactions. Changes in precipitation patterns can influence habitat availability and quality,
affecting species' reproductive success and survival (Renner and Zohner, 2018). Indirect effects of climate change often
arise through cascading ecological interactions. For instance, changes in temperature and precipitation can alter the
frequency and intensity of forest fires, insect outbreaks, and disease epidemics, which can have profound consequences
for tree populations and associated biodiversity (Abarca and Spahn, 2021). Increased frequency and severity of wildfires,
for example, can lead to the loss of forest habitat and disrupt species assemblages. Similarly, changes in pest and
pathogen dynamics can threaten tree health and survival, impacting entire ecosystems (Simler-Williamson et al., 2019).
Thus, climate change can interact with other stressors, such as habitat fragmentation, invasive species, and land-use
change, exacerbating its effects on biodiversity. These interactions can lead to synergistic or antagonistic outcomes,
further complicating predictions of biodiversity responses to climate change (Oliver and Morecroft, 2014).

Mango trees in the Saharanpur region foster biodiversity by offering habitats to diverse insect, bird, and mammal
species while contributing to soil preservation and erosion prevention (Kumar et al., 2017). Similarly, eucalyptus trees
aid in enhancing soil quality and combating desertification through their extensive root systems and water-efficient
traits, additionally aiding in carbon sequestration, thus mitigating climate change effects. Furthermore, Bottle Brush
trees play a crucial role in attracting pollinators like bees and birds with their vibrant flowers, thereby facilitating
pollination and supporting local ecosystems, alongside their contribution to soil stabilization and erosion control.
Economically, mango cultivation serves as a vital source of income for numerous farmers, with potential for improvement
through enhanced cultivation methods and market exploration (Truong et al., 2022). Similarly, eucalyptus plantations
offer valuable resources such as timber, pulpwood, and essential oils, thereby benefiting the local forestry industry.
Although less commonly cultivated, Bottle Brush trees hold economic promise through their ornamental value and
medicinal applications, warranting further research for economic utilization. Mangoes hold cultural significance in
Saharanpur, being intertwined with festivals, rituals, and traditional cuisines, shedding light on local customs and
practices. Eucalyptus plantations potentially contribute to rural development and employment opportunities,
necessitating an understanding of associated social dynamics for sustainable management. Bottle Brush trees enhance
the aesthetic appeal of urban and rural landscapes, prompting the study of their role in urban greening and biodiversity
conservation to foster community awareness and appreciation. Thus, the study of mango, Eucalyptus, and Bottle Brush
trees in the Saharanpur region holds significant importance due to various ecological, economic, and social factors.

Considering the aforementioned, this study was conducted to the abundance, morphological features, and
economic values of selected tree species i.e., Eucalyptus (Eucalyptus alba) Mango (Mangifera indica), and Bottle Brush
(Callistemon viminalis) in Company Graden of Saharanpur district, Uttar Pradesh, India.

2. Materials and Methods

2.1. Study Area

The Company Garden (29°58'16.7"N and 77°33'23.3"E) of Saharanpur District, located in the state of Uttar Pradesh,
India, is a verdant oasis nestled amidst the bustling cityscape (Figure 1). Established during the colonial era, this historical
garden holds significant cultural and botanical importance, attracting visitors with its lush greenery, vibrant flora, and
serene ambiance. Originally known as the 'Company Bagh', the garden traces its roots back to the British Raj period
when it was developed by the East India Company as a retreat for the officers and residents of Saharanpur. Over the
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years, it has evolved into a cherished landmark, offering respite from the urban hustle and bustle while serving as a
recreational spot for locals and tourists alike. Spread across acres of land, the Company Garden captivates visitors with
its meticulously landscaped lawns, manicured pathways, and picturesque water features. Tall trees provide ample shade,
creating a tranquil atmosphere ideal for leisurely strolls, family picnics, or simply unwinding amidst nature's splendor.
One of the highlights of the Company Garden is its diverse collection of plant species. Botanical enthusiasts and nature
lovers are treated to a mesmerizing array of flowers, shrubs, and trees, showcasing the rich biodiversity of the region.
From vibrant roses and fragrant jasmine to towering palms and majestic banyans, the garden is a treasure trove of
botanical wonders, offering a feast for the senses in every season. Thus, the Company Garden of Saharanpur district,
Uttar Pradesh, India, has diverse tree species that contribute significantly to its ecological richness and economic value
and therefore selected for this study.

N
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Figure 1. Map Showing Sample collection site.

2.2. Sampling and Data Collection

Data collection for the study conducted in February 2024 was done by frequent visits to the site, where 10 quadrates
of 50 m? were established. Various parameters were recorded for analysis: tree height was measured using a clinometer
and trigonometric principles; canopy size was determined by measuring foliage extent; diameter at breast height (DBH)
was measured using a diameter tape at 1.37 meters above ground; tree health was assessed through appearance, growth
patterns, and environmental conditions; leaves, bark, flowers, fruits, and timber characteristics were manually observed;
resin type was determined based on previous studies; agroforestry uses were explored, focusing on integrating trees
with agricultural crops or livestock; and pulp and paper potential was assessed, recognizing trees as a primary fiber
source.

2.3. Data Analysis

The relative abundance of trees was calculated by dividing the number of individuals of a specific tree species by
the total number of individuals of all tree species present, and then multiplying by 100 to express the result as a
percentage:

Relative Abundance (%) = (No. of Individuals of Tree/ Total No. of Individuals of All Tree) X 100

Moreover, mean, maximum, minimum, standard deviation (SD), and coefficient of variance (CV) values were also
determined by using the MS Excel 2019 (Microsoft Corp., USA) software package.
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3. Results and Discussion

3.1. Abundance of Selected Tree Species in Company Garden

The bar graph depicted in Figure 2 shows the relative abundance of three distinct tree species: Eucalyptus, Mango,
and Bottle brush studied in Company Garden of Saharanpur. The results showed that Eucalyptus emerges as the
dominant species, constituting approximately 40% of the tree population. This prevalence hints at Eucalyptus trees'
strong adaptation to the local environment, possibly owing to factors like rapid growth, resilience to specific soil
conditions, and efficient resource utilization (Gongcalves et al, 2017). However, further investigation is warranted to
comprehend the ecological ramifications of such dominance, including its potential effects on the survival of other
species or alterations in ecosystem dynamics. Mango trees follow closely, representing around 35% of the tree
population. Given the cultural and economic significance of mangoes, their abundance may be influenced by human
cultivation practices. It is imperative to evaluate the impact of mango orchards on biodiversity and soil health (Adil et
al, 2019). On the other hand, Bottle brush trees are the least abundant, accounting for approximately 15% of the
population. Their presence suggests specific ecological niches or preferences. Thus, investigating their role in supporting
local fauna, soil enrichment, or erosion control is essential for a comprehensive understanding of the ecosystem.

Eucalyptus Mango Bottle brush
Tree spp.

Figure 2. Relative abundance of selected tree species in Company Garden, Saharanpur, India.

3.2. Morphological and Economic Features of Eucalyptus Tree

As shown in Table 1, Eucalyptus trees observed in the study displayed a diverse range of characteristics contributing
to their significance in various domains. Standing tall, their heights varied between 38.00 to 54.00 m, averaging 47.60
m, showcasing a moderate variability with a coefficient of variation (CV) of 13.66%. This variation in height was
complemented by their canopy sizes, spanning from 28.00 to 58.00 m? with an average of 44.40 m?, indicating a
considerable diversity in canopy coverage. Furthermore, their substantial girth, with diameters at breast height (DBH)
ranging from 49.00 cm to 75.00 cm and a mean DBH of 59.80 ¢cm, highlighted their suitability for timber production. All
the trees were reported as healthy, attesting to their robust growth and vitality, while their broad, lanciolate, aromatic
leaves added to their aesthetic appeal. The smooth, strip-shedding bark, along with creamy white flowers in clusters,
enhanced their ornamental value. The trees' woody capsules served as a source of seeds for regeneration, contributing
to their perpetuation. Additionally, their hard and durable timber made them ideal for construction purposes, while their
high resin content found applications in perfumes and oils. Moreover, the fast-growing nature of Eucalyptus trees
rendered them effective for windbreaks and erosion control in agroforestry settings (Nair et al., 2021). As a major source
of raw material for the paper and pulp industry, Eucalyptus played a pivotal role in sustaining these sectors, underlining
its multifaceted importance in various industries and ecosystems alike.

3.3. Morphological and Economic Features of Mango Tree

The study focused on morphological and economic attributes of mango trees within Company Garden, Saharanpur,
India. Table 2 showed that Mango trees had a considerable range in height, spanning from a minimum of 400 m to a
maximum of 9.00 m, with an average height of 6.32 m (SD = 2.00). This variance was notable, with a coefficient of
variation (CV) standing at 31.69%, indicating significant diversity in tree height. Regarding canopy size, measurements
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ranged between 18.00 and 32.00 m?, with an average canopy size of 24.60 m? (SD = 4.98), signifying moderate variation
in canopy coverage. In terms of Diameter at Breast Height (DBH), mango trees exhibited substantial girth, with
measurements ranging from 22.00 to 37.00 cm and a mean DBH of 29.80 cm (SD = 6.02), potentially advantageous for
timber production. All mango trees surveyed were reported as healthy, reflecting their overall well-being, while their
broad, lanceolate, and aromatic leaves contributed to their aesthetic allure. The bark of mango trees was observed to
be smooth initially, with a grey-brown hue that gradually transformed into a rough texture with age, a common
characteristic of this species. Mango trees bore small, yellowish or pinkish-red flowers clustered together in panicles,
augmenting their ornamental value, while their fruits, irregular in shape and fleshy drupes, represented the delectable
mangoes familiar to many. Despite its moderate hardness, mango timber found applications in furniture and handicrafts,
albeit it was not commonly utilized in the paper-making industry, unlike some other tree species (Skolmen et al., 1974).
Furthermore, mango trees served as shade providers and were highly prized for their fruit production (Snelder et al.,
2007), underscoring their significance in agroforestry contexts and beyond within Company Garden, Saharanpur, India.

Table 1. Results morphological and economic features of Eucalyptus tree in Company Garden, Saharanpur, India.

Parameters Minimum Maximum Mean SD cv
Tree Height (m) 38.00 54.00 47.60 6.50 13.66
Canopy size (m?) 28.00 58.00 44.40 11.97 26.96
Diameter at Breast Height (DBH) 49.00 75.00 59.80 10.08 16.86
Health Condition Healthy
Leave Broad, lanciolate, aromatic
Bark Smooth, Shedding in strips
Flower Creamy white, Cluster
Fruit Woody capsule
Timber Hard durable, used in construction
Resin High resin content, used in perfume and oils
Agroforestry Uses Fast growing, windbreak, erosion control
Pulp and Paper A major source for the paper and pulp industry

SD: Standard deviation; CV: coefficient of variance.

Table 2. Results morphological and economic features of mango tree in Company Garden, Saharanpur, India.
Parameters Minimum Maximum Mean SD cv
Tree Height (m) 4.00 9.00 6.32 2.00 31.69
Canopy size (m?) 18.00 32.00 24.60 4.98 20.24
Diameter at Breast Height (DBH) 22.00 37.00 29.80 6.02 20.19
Health Condition Healthy
Leave Broad, lanceolate, aromatic
Bark Smooth, grey-brown, become rough with age
Flower Small, yellowish or pinkish-red colored, clustered together in panicles
Fruit Irregular, egg-shaped fruit which is a fleshy drupe
Timber Moderately hard, used in furniture and handicraft
Resin No resin
Agroforestry Uses Shade provider, fruit production
Pulp and Paper Not commonly used for paper-making

SD: Standard deviation; CV: coefficient of variance.

Table 3. Results morphological and economic features of bottle brush tree in Company Garden, Saharanpur, India.
Parameters Minimum Maximum Mean SD Ccv
Tree Height (m) 7.00 10.00 8.50 1.12 13.15
Canopy size (m?) 14.00 37.00 26.00 9.41 36.18
Diameter at Breast Height (DBH) 27.00 61.00 39.30 14.39 36.63
Health Condition Healthy

Leave

Bark

Flower

Fruit

Timber

Resin
Agroforestry Uses
Pulp and Paper

linear, narrow, stiff evergreen

Thick, rough, fissured, and brownish grey
cylindrical, yellow, pink, and red spikes
Woody capsule, Woody fruit cluster

Not commonly used for Timber

Limited resin production

Ornamental, attracts pollinators

Not commonly used for paper-making

SD: Standard deviation; CV: coefficient of variance.
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3.4. Morphological and Economic Features of Bottle Brush Tree

Data shown in Table 3 showed that bottle brush trees exhibited a relatively narrow range in height, ranging from
7.00 to 10.00 m, with an average height of 8.50 m (SD = 1.12). The coefficient of variation (CV) was calculated at 13.15%,
indicating a comparatively low variability in tree height. In terms of canopy size, there was significant variance observed,
spanning from 14.00 to 37.00 m?, with a mean canopy size of 26.00 m? (SD = 9.41), suggesting a moderate variation in
canopy coverage among the surveyed trees. Regarding Diameter at Breast Height (DBH), bottle brush trees displayed
substantial girth, with measurements ranging from 27.00 to 61.00 cm and a mean DBH of 39.30 cm (SD = 14.39), hinting
at potential implications for their ecological role. All bottle brush trees examined were reported as healthy, indicative of
their overall well-being, while their linear, narrow, and stiff evergreen leaves contributed to the unique appearance of
the species. The trees' bark was noted to be thick, rough, and fissured, with a brownish-grey hue—a characteristic
commonly associated with this species. Bottle brush trees bore cylindrical flowers in yellow, pink, and red spikes,
augmenting their ornamental value, while their woody capsules formed clusters of fruits, potentially serving as a food
source for wildlife. Despite their substantial girth, bottle brush trees were not commonly utilized for timber due to their
specific characteristics, and limited resin production was observed in these trees. Primarily ornamental, bottle brush
trees attracted pollinators, underscoring their significance in agroforestry contexts, while their wood was not commonly
used in the pulp and paper industry (Sawarkar et al., 2017).

4. Conclusion

The findings of this study showed dominance of Eucalyptus in the ecosystem, comprising 40% of the tree population
which highlights its strong adaptation to local conditions and its multifaceted significance in various industries and
ecological roles. However, the implications of such dominance on biodiversity and ecosystem dynamics necessitate
further investigation. Mango trees, constituting approximately 35% of the population, stand out for their economic
importance and cultural significance, highlighting the need to assess their impact on biodiversity and soil health amidst
human cultivation practices. Conversely, Bottle brush trees, though the least abundant at 15%, play unique roles in
providing ornamental value and potential habitat for wildlife, warranting attention for their ecological contributions. The
morphological and economic features of each species further emphasize their distinct characteristics and ecological
roles. Eucalyptus trees exhibit remarkable height, canopy size, and girth, making them ideal for timber production and
various industrial applications, while also serving ecological functions such as erosion control. Mango trees, with their
moderate height variability and substantial girth, are prized for their fruit production and shade-providing capabilities,
contributing significantly to agroforestry contexts. Bottle brush trees, although not commonly utilized for timber,
enhance landscapes with their ornamental value and provide potential habitat and food sources for wildlife. Overall,
study shows useful findings regarding tree species abundance, morphological characteristics, and their ecological and
economic significance within the Saharanpur. Further research and monitoring are essential to understand and manage
the dynamics of these tree species for the sustainability of Company Garden's ecosystem and its surrounding
environment.
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