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From the Editor’s desk

Firm to farest: Where profit meets the planet captures a defining transition in Comtemporary Bconomic
thought—the recognition that long-term profitability and planetary stewardship are no longer
competing objectives but mutually reinforcing imperatives. In an era marked by climate volatilty,
biodiversity loss, and tightening regulatory and investor scrutiny, firms that internalize enviranmental
responsibility are discovering strategic advantage rather than sacrifice. From regenerative supply

chains and nature-positive accounting to carbon markets and ecosystem services valuation, the

integration of forests into corporate strategy is reshaping how value is created and measured
forests are no longer viewed merely as externalities or offsets; they are emerging as productive
assets that stabilize chimate risk, secure raw materials, enhance brand trust and unlock green finance. This shift demands
rigarous governance, credible science, and transparency to avoid greenwashing, yet the direction is unmistakable: enterprises
that align capital with conservation are better pasitioned to endure shocks, attract investment, and innovate responsibly. The
Journey from firm to forest is not philanthropy—it is a recalibration of capitalism itself where profit is sustained precisely
because the planet is protected

In line with the abave this issue of Van Sangyan contains an article on Firm to farest: Where profit meets the planet. There are also

useful articles viz. Synthetic seeds for the conservation of forest trees, Biochars from invasive biomass: Pine needles and

Lantana camara for soil health, Fongamia pinnata (L) Fierre: A tree of many uses, Bioprospecting: Lreating value for biodiversity,

Agrofarestry and biodiversity conservation: Nurturing life above and below the ground. 9Ig=1-aTia#i & Taia<oiT

qqT: FANGIT TF THAIFTC ((FETITHF 57797) | and TRI-GTeT & FET TF: FATT 35 THAT
BT,

Looking forward to meet you allthrough forthcoming issues
Dr. Naseer Mohammad
Chief Editor
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Disclaimer — Van Sangyan

Statement of Responsibility

Neither Van Sangyan (VS) nor its editors, publishers, owners or anyone else
involved in creating, producing or delivering Van Sangyan (VS) or the materials
contained therein, assumes any liability or responsibility for the accuracy,
completeness, or usefulness of any information provided in Van Sangyan (VS), nor
shall they be liable for any direct, indirect, incidental, special, consequential or
punitive damages arising out of the use of Van Sangyan (VS) or its contents. While
the advice and information in this e-magazine are believed to be true and accurate
on the date of its publication, neither the editors, publisher, owners nor the authors
can accept any legal responsibility for any errors or omissions that may be made or
for the results obtained from the use of such material. The editors, publisher or
owners, make no warranty, express or implied, with respect to the material

contained herein.

Opinions, discussions, views and recommendations are solely those of the authors
and not of Van Sangyan (VS) or its publishers. Van Sangyan and its editors,
publishers or owners make no representations or warranties with respect to the
information offered or provided within or through the Van Sangyan. Van Sangyan
and its publishers will not be liable for any direct, indirect, consequential, special,

exemplary, or other damages arising there from.

Van Sangyan (VS) reserves the right, at its sole discretion, to change the terms and
conditions from time to time and your access of Van Sangyan (VS) or its website
will be deemed to be your acceptance of an agreement to any changed terms and

conditions.
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Firm to forest: Where profit meets the planet

Paritosh kumar', Rakesh Choudhary?, Vikash Kumar® and Ajoy Das’
LJoint Directorate of Extension Education
ICAR-Indian Veterinary Research Institute, Izatnagar
Department of Dairy Trade and Dairy Business Management
College of Dairy and Food Technology, Bassi, Jaipur
® Dairy Extension Division, ICAR- National Dairy Research Institute, Karnal

Introduction

In Anera  of  fast-paced  industrial
revolution and rising environmental
concerns, the tale of India’s green cover
and forests offers both a warning and an
opportunity. As urbanisation accelerates,
cities expand and industries thrive, India’s
green cover continues to shrink rapidly
during 20" century but in 21% century a
ray of hope is seen as multiple
stakeholders are coming together in order
to protect and restore what has been
lost.India is one of the few nations
globally that has recorded a steady rise in
forest cover over the past two decades.This
positive change has been possible because
India has consistently given importance to
protecting its forests. Both the Central and
State governments have worked together
through strong laws and dedicated
programmes. Efforts likeThe Indian Forest
Act, 1927, Wildlife (Protection) Act, 1972,
National Forest Policy, 1988, Van
Sanrakshan Evam SamvardhanAdhiniyam,
1980, Central and State sponsored
Schemes like Green India Mission (GIM),
CAMPA, MGNREGA, National
Afforestation Programme (NAP), Policy
for enhancement of Urban Greens,
National ~ Agro-forestry  Policy, Sub-
Mission on  Agro-forestry (SMAF),
etc.have helped communities plant more
trees, restore degraded land, and care for
forests (FSI, 2023). Apart from these
government-led based movements, a new
movement is taking root. Across India,
companies are turning their profits into
purpose  through  Corporate  Social
Responsibility (CSR) initiatives that are
restoring forests, conserving biodiversity,

and empowering communities adding a
powerful dimension to this success.
Corporate Social Responsibility (CSR)
According to McWilliams and Siegel
(2001), Corporate Social Responsibility
(CSR) is “Situations where the firm goes
beyond compliance and engages in actions
that appear to further some social good,
beyond the interests of the firm and that
which is required by law.”In India, the
idea of corporate social responsibility goes
beyond goodwill, it's built into the
law.Section 135 of the Companies Act of
2013 and the Companies (Corporate Social
Responsibility) Rules of 2014 establish the
legal foundation for corporate social
responsibility (CSR) initiatives by the
government. With effect from April 1,
2014, organizations that meet the
requirements outlined in Subsection 1 of
Section 135 are required to comply with
the provisions pertaining to Corporate
Social Responsibility by virtue of the
"CSR Rules" and other related
announcements. This legal provision has
opened the door for India’s corporate
sector to become a major ally in forest
conservation and restoration.

Activities under Corporate Social
Responsibility (CSR)

Schedule VII outlines the types of
activities companies can support through
their CSR initiatives. These include efforts
to reduce hunger and poverty, promote
education, advance gender equality,
improve child and maternal health, fight
major diseases, protect the environment,
develop vocational skills, support social
business projects, and contribute to
government relief and welfare funds. It

Y ©Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India



Van Sangyan (ISSN 2395 - 468X)

Vol. 13, No. 1,

Issue: January 2026

also allows for any other activities notified
by the government.

CSR scenario in India

In the financial year 2023-24, about
27,188 companies in 40 States and Union
Territories across 14 development sectors
carried 59,633 projects and spent
334908.75 crores. Maharashtra, Gujarat
and Karnataka are the top 3 states with
spending of about36065.95,32707.54 and
%2254.88 crores, respectively. HDFC Bank
Limited leads CSR spending with 3921.96
crore, followed by Reliance Industries
Limited at 3899.07 crore and Tata
Consultancy Services at I812.65 crore.
ONGC (612.42 crore) and Tata Steel
(R572.74 crore) also made good
contributions, which highlights strong
corporate commitment to social welfare.
Development Sectors like Education,
Differently ~ Abled, livelihood  with
%16,287.78  crores,Health, Eradicating
Hunger, Poverty and Malnutrition, Safe
Drinking water, Sanitation with 39087.41
crores and Environment, Animal Welfare,
Conservation of Resources with 33456.05
crores, emerged out as top 3 in the
financial year 2023-24(Ministry  of
Corporate Affairs, 2025).

CSR in action: Case studies

ITC’s biodiversityprogramme

R T

initiatives can turn barren lands into
thriving  ecosystems.  Through its

I Limited has shown how corpréte

biodiversity projects, ITC provides quality
saplings, technical support, and buyback
assurances to farmers. This not only
increases rural incomes but also adds
thousands of hectares to India’s green
cover.During the last year, ITC's
community projects successfully
conserved more than 1.76 lakh acres of
biodiversity area. This recent growth has
brought the total area conserved through
their efforts to a cumulative of over 6.47
lakh acres.

ITC's Mission Sunehrakal (MSK) is
piloting Miyawaki forest which is a quick,
two-year method for creating dense
ecosystemsas a part of the global effort to
increase green cover. Recognizing the
technique’s high price tag, MSK is
innovating to develop affordable ways to
implement it, including leveraging
government schemes. Their efforts in
Water Stewardship and Biodiversity
Conservation are significantly
strengthened by key partnerships with state
governments across India  (Andhra
Pradesh, Maharashtra, Rajasthan, and
Karnataka) and with NABARD (ITC
Limited, 2025).

ONGC’s green driv

The Oil and Natural Gas Corporation
(ONGC) has invested heavily in
afforestation and biodiversity conservation
projects. From supporting large-scale
plantation drives in degraded areas to
protecting mangroves and  wildlife
habitats, ONGC'’s initiatives demonstrate
how heavy industries can give back to
nature.The ONGC-Mahesana project is a
Corporate Social Responsibility (CSR)
initiative by Oil and Natural Gas
Corporation Limited (ONGC), executed in
partnership with the CATCH Foundation,
to restore degraded public land in Santhal,
Mehsana, Gujarat. The core of the project
is the creation of a dense, native Miyawaki
dense forest by planting 5,000 trees using
the rapid afforestation method. Initiated in
February 2024, the foundation's team is
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responsible for implementing the Catch
Forest Conservation System and ensuring
the survival and maintenance of the forest
over a three-year period. This initiative
aims to transform the barren landscape
into a thriving ecosystem, providing
environmental benefits such as improved
water conservation and groundwater
recharge, while also creating employment
opportunities for the local community
(Catch Foundation, n.d.).

Tata Steel foundation’s biodiversity
efforts

In Jharkhand and Odisha, Tata Steel
Foundation is restoring local ecosystems
through biodiversity conservation
programs. Their projects promote native
tree species, environmental education, and
community stewardship, linking
conservation goals with human well-being.
Tata Steel is actively improving city
landscapes by focusing on urban forestry
and biodiversity. A prime example is the
Kailash Top Biodiversity Park in
Jamshedpur, where they took a desolate
30-acre ash mound and revitalized it into a
green haven with 25,000 plants.
Furthermore, just last year (2024), the
company launched an 11-acre nature trail
in Sidhgora, Jharkhand. This project
successfully replaced barren ground with a
rich, native ecosystem, introducing 14,000
saplings and 5,000 shrubs representing
over 60 species (UNGC, 2025).

SBI foundation’s save the earth
initiative:

The goal of this project is to use extensive
afforestation to fight climate change and
biodiversity loss. The project intends to
improve carbon sequestration, rehabilitate
damaged landscapes, and increase long-
term environmental resilience by planting
10,000 trees. By 2027, the project is
anticipated to offset about 10,000 tons of
carbon emissions yearly; supporting the
SBI Foundation's goal of promoting
ecological balance and aligning with
India's commitment to  sustainable

development.The initiative has generated
significant environmental and social
impact. By reclaiming 50-70 hectares of
degraded land and planting endemic tree
species, it has contributed to biodiversity
conservation and ecological restoration.
The project involves the plantation of
indigenous, water-retaining, and medicinal
species such as Amaltas, Aonla, Aritha,
Baans, Baheda, Bilb, Churel, Desi Babool,
Hawan, Imli, Jamun, Karanj, Karonda,
Katkarnaj, Kher, Khirni, Kikar, Mahuwa,
Neem, Shikakai, along with other agri-
horti species. It also aims to harness
Traditional Ecological Knowledge, an
evolving body of knowledge acquired by
indigenous and local communities through
generations of direct interaction with their
environment, to enhance the sustainable
growth and management of natural
resources. Designed to be inclusive and
community based, the project emphasizes
collaboration with rural populations. The
equitable and sustainable harvesting of
Non-Timber Forest Products (NTFPs) and
Minor Forest Produce (MFP) is expected
to directly benefit 500 tribal households
who depends on forest-based livelihoods
(UNGC, 2025).

Beyond trees: Empowering forest
communities

Corporate Social Responsibility in forestry
1s not just about planting trees; it’s about
planting opportunities. Many corporate
programs are designed to strengthen
forest-based livelihoods, particularly for
tribal and rural populations. Initiatives
such as promoting non-timber forest
products (NTFPs), developing local
nurseries, and training communities in
eco-tourism or sustainable harvesting have
created long-term benefits for both people
and the planet. In India, Corporate Social
Responsibilitycollaborations  with local
forest departments and NGOs are
helpingcommunities plant native fodder
and fruit species, combining ecological
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restoration with livelihood enhancement of
these communities.
Conclusion
The rise of foresty based Corporate Social
Responsibility activities marks a quiet
revolution in India’s development story.
From  reforestation and  watershed
management to promoting agroforestry
and sustainable livelihoods, companies are
now playing a visible role in rebuilding
green ecosystems thus, proving that
business and biodiversity can indeed grow
together in a sustainable manner.
Companies are realizing that sustainability
is not charityit’s strategy. By restoring
forests, protecting biodiversity, and
engaging local communities, businesses
are not only offsetting their ecological
footprints but also building credibility,
resilience, and trust. In this new era of
responsibility, profit and planet no longer
stand apart, they grow together, like trees
in a shared canopy.
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Synthetic seeds for the conservation of forest trees

Vishwajith Podila, Shalini Mudalkar and Ravi Kiran Potluri
Department of Forest Biology and Tree Improvement
Forest College and Research Institute, Siddipet
Telangana502279
Email:vishwajithpodila@gmail.com

Introduction

The seed, of ten referred to as the zygotic
seed, acts as the channel connecting
consecutive plant generations throughout a
substantial percentage of the plant
kingdom. Seeds allow plants to transmit
their genetic information to future
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Fig.1: Synthetic seed structure
generations, making them ideal for
functions such as reproduction,
preservation, and distribution (Dhabhai
Ravi et al., 2012). Artificial seeds show
great potential for cost-effective mass
production of plants, providing a viable
alternative to conventional seeds (Roy, B
et al., 2008). Although certain plants may
be reproduced a sexually, traditional
techniques are characterized by their
sluggishness, high cost, and restricted
ability to facilitate extensive plant
cultivation. Synthetic seed technology has
the potential to be a crucial solution for

Sl
> g
s

creating artificial seeds, known as Syn-
seeds.This technology offers an important
alternative to current traditional methods
formultiplying and preserving valuable
crop varieties on a large scale
(Potshangbam, 2016).Certain plants may
be reproduced vegetatively, but, traditional
techniques areboth time-consuming and
costly, and are limited in their ability to
grow plants on awider scale. The use of
synthetic seed technology in the
production of artificial seeds/synseeds can
serve as a viable alternative to
conventional ~ techniques  for  the
widespread multiplication and long-term
preservation of valuable crop types
(Gantait et al., 2015).

In vitro culture techniques are utilised to
create plant micropropagules for synthetic
seed formation using systems such as
somatic embryogenesis, organogenesis,
apicalbud, protocorm, and protocorm-
resembling bodies (PLBs) proliferation.
The encapsulation procedure has been
utilised to manufacture synthetic seeds of
many angiosperm and gymnosperm plants
(Sudhanshu Maheshwari et al., 2023).
Synthetic Seed —Synthetic seeds refer to
plant tissues, such as somatic embryos,
shoot buds, or cell clusters that have been
artificially enclosed. These tissues are
capable of germinating under both invitro
(in a controlled laboratory environment)
and exvitro (outside of a laboratory)
settings. Furthermore, they retain this
capacity even after being preserved. In the
past, the phrase "artificial seeds™ was used
to describe somaticembryos that were
economically feasible for moving plants to
agricultural fields or green houses, as well
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as for crop production (Grey& Purohit,
1991).

Synthetic seeds preparation

Somatic embryo development

While somatic embryogenesis has been
observed in several crop species, the
abilityof somatic embryos to successfully
develop into plantlets has been
consistently lowin terms of quality. This is
due to the fact that somatic embryos
typically exhibit in adequate development.
Contrary to seed embryos, somatic
embryos donot undergo the ultimate stage
of embryo genesis known as'embryo
maturation'. However, in order for somatic
embryos to mature, it was necessary to
move them to a medium with alow
concentration or no 2, 4-D. This was
shown to be crucial according to
Ammirato (1983), Cheema  (1989),
and Van der Valk et al.
(1989).The embryos are transferred to a
medium containing abscisic acid (ABA) in
order toreach the last stage of
development. ABA inhibits germination
and facilitates proper embryo development
by suppressing secondary embryogenesis.
It has been documented to enhance
embryomaturation inmany species
(Ammirato, 1983).

Encapsulation

Somatic embryogenesis is the sole clonal
propagation mechanism that IS
economically  feasible.  Nevertheless,
somatic embryos need robustnessf or the
purpose of transplantation. Converting the
minto encapsulated units (synthetic seeds)
might be advantageous. The following are
the fundamental prerequisites for the
formation of synthetic seeds by
encapsulation.

Explants used for encapsulation

Since the introduction of the synthetic seed
technique, somatic embryos have been
primarily used because they have the
ability to develop both roots and shoots at
the same time, thanks to the presence of
the radical and plumule (Kitto and Janick,

1982, 1985 a, b; Kim and Janick, 1987,
1989, 1990; Janick et al., 1989;
Redenbaugh et al., 1984; Redenbaugh et
al., 1991b; Grey et al, 1991;
Redenbaugh,1993; McKersie and Bowley,
1993). Subsequent to that, various types of
vegetative propagules have beenobserved
in different plant species. For instance,
shoot tips were found in M. indica (Bapat
et al.,, 1987), axillary buds in Camellia
sinensis (Mondel et al., 2002), calli in
Alliumsativum (KimandPark, 2002), bulb
lets in A. sativum (Bekheet,2006), nodal
segments in  Pterocarpus marsupium
(Ahmad et al., 2023), nodal segments in
Salixtetrasperma (Khan, 2018), somatic
embryos in Dalbergia latifolia (Sharma,
2006),andnodal explants in Populus alba
(Hussien etal., 2024).

Encapsulating agents

Researchers conducted tests on eight
chemical compounds to determine thei
reffectiveness in producing synthetic seed
coverings. Among these compounds,
themost suited agent for encapsulating
somatic embryos was 'Polyox’, a water-
soluble resin  (Kittoand Janick1982,
1985¢). According to Khan et al. (2018),
they discovered that a solution of 3% (w/v)
sodium-alginate with 100 mM calcium
chloride was the best for producing
homogeneous synthetic seeds. In a study
conducted by Nor Asmah et al in 2011, it
was noted that when a Iginate with a
concentration 3% was used for
encapsulation and subjected to
combinations of 50 to  100m
MCaCl2.2H20, rounderbeads  were
formed. Previous studies have examined
various gelling agents, including polyox,
polyco 2133, agar, agarose, alginate,
carboxymethyl cellulose, carrageenan,
guargum, gelrite, tragacanthgum, sodium
pectate, ethyl cellulose, nitrocellulose, and
polyacrylamide, for the purpose of
producing synthetic seeds (Ara et al.,
2000; Saiprasad,2001; Lambardi et al.,
2006).
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Synthetic endosperm

According to the general agreement, it is
recommended that encapsulated synthetic
seeds should include nutrients and plant
development regulators, serving as a
synthetic endosperm for the encased
propagules. This is expected to improve
the viability and germination efficiency of
artificial  seeds.The effectiveness  of
artificial seeds depends on the timely,
high-quality, and precise supply of growth
regulators and nutrients, together with an
ideal physical environment (Senaratna,
1992). Artificial endosperm in
Morusspecies ~ was  created  using
Murashige and Skoog medium (MS)
without hormones and MS+  6-
benzyladenine (BA, 4.4uM), as described
by Pattnaik et al.(1995) and Pattnaik and
Chand (2000). In a study conducted by
Mariani (1992), it was shown that the use
of gibberellic acid (GA3) and sucrose had
a detrimental impact on the germination of
synthetic seeds in aubergine. Several
researchers have documented that in
corporating fungicides (Antonietta et al.,
2007D), pesticides, fertilisers,
microorganisms (Rhizobia), mycorrhiza
fungus (Tan et al, 1998), marine
cyanobacterial extracts (Wake et al.,
1992), bactericides, and activated charcoal
(Ganapathi et al.,1992) in to the
encapsulation solution can safeguard the
enclosed propagules from microorganisms,
decrease the release of harmful substances,
and improve the seed's ability to
germinate.

Encapsulation procedure

The hydro-gel encapsulation process
established by Redenbaugh et al.(1987) is
the most suitable approach for producing
synthetic seeds. This method involved
combining sodium alginate at different
quantities (ranging from 2 to 5%) with
calcium-free  liquid MS  medium.
Afterwards, the explants were submerged
in this solution. The explants were
extracted using a pipette, together with the

sodium alginate solution, and then placed
into a calcium chloride solution. Anion
exchange event occurred, where sodium
ions werere placed by calcium ons, leading
to the creation of calcium alginate beads
(Reddy et al., 2012). The entire procedure
must be carried out in a sterile
environment. The dimensions of the
capsule are determined by the inner
diameter of the pipette nozzle. The
morphology and surface characteristics of
the beadsare contingent upon the
concentration of sodium alginate, calcium
chloride solutions, and the time of the
complex at ion process. In1993, Molle et
al. proposed the use of a dualnozzle
pipette, where the embryos flow through
the inner pipette and the alginate solution
flows through the outside pipette.
Consequently, theembryos are strategically
placed in the centre of the capsule to
enhance their safety.
Germination and field planting
Synthetic seeds show potential as a viable
alternative planting material for the
forestry industry in the future, especially
for species that are in high demand
(Asmah et al., 2011). Artificial seeds
provide the benefit of allowing the direct
planting of plant propagules into the green
house or field, thereby avoiding the need
for many intermediate processes.In their
study, Fujii et al. (1989) discovered that
the use of ABA in the maturation process
of lucerne somatic embryos resulted in a
significant soil conversion rate ranging
from 48% to 64%. The inclusion of a
fungicide in the alginate beads serves to
inhibit contamination and enhance the
viability of mulberrybuds when planted in
soil (Bapat and Rao, 1990). However, Nor
Asmah et al (2011) found that the
germination rate ranged from 73.3% to
100% during a period of 6 t0o20 days.
Advantages of synthetic seeds

1. ltisfeasibletosowsynseeds

directlyinex vitrosettings.
2. Plant tissue culture is an optimal

¥ ©published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India



Van Sangyan (ISSN 2395 - 468X)

Vol. 13, No. 1,

Issue: January 2026

method for the ongoing creation of
syntheticseeds.

3. Synthetic seeds are well-suited for
distribution.

4. ltis feasibleto storeitemsin acold
environment.

5. In contrast to natural seeds,
artificial  endosperm may be
altered.

6. Double-layer encapsulation might
offer additional protection.

Trend of synthetic seeds in forestry

7. Invitro, somatic embryos can be
efficiently generated.

8. Non-embryo nictiss ues can be
immediately used for syn seeds.

9. Hydrated gels are beneficial for
encapsulating purposes.

10. Algin ate is the optimal choice for
a coating substance.

11. Desiccation can extend the shelf
life of syn seeds.

Tablel: showing trend of synthetic seeds in forestry

Name of the species

Type of explant

References

Dendrocalamu sstrictus

Somaticembryos

Mukunthakumar and Mathur,
1992

Santalum album L.

Somatic embryos

Bapat and Rao,1988 Bapat and
Ra0,1992; Bapat,1993

Eucalyptus citriodora

Somatic embryos

Muralidharan and
Mascarenhos, 1995

Hopea parviflora

Somatic embryos

Sunilkumar et al., 2000

Paulownia elongata

Leaf and nodal segments

Ipekci and Gozukirmizi, 2003

Quercus robur

Somatic embryos

Prewein and Wilhelm, 2003

Pinus patula

Somatic embryos

Malabadi and Staden,2005

Dalbergia latifolia

Somatic embryos

Sharma,2006

Pinus radiata

Somatic embryos

/Aquea et al.,2008

Quercus suber

Somatic embryos

Pintos et al., 2008

Sterculia urens

Nodal segments

Devi et al.,2014

Terminalia arjuna

Nodal segments

Gupta et al., 2014

Salixtetra sperma

Nodal segments

Khan,2018

Celastrus paniculatus Shoot tips

Fonseka et al.,2019

Casuarina equisetifolia Shoot tips

Ahmad et al., 2022

Pterocarpus marsupium

Nodal segments

Ahmad et al.,2023

Populus alba

Nodal explants

Hussien et al., 2024

Conclusions

The synthetic seed technique is employed
to achieve vegetative propagation and
long-term preservation of exceptional
germplasm from rare, endangered, and
fragile species. This approach has the
ability to revive plant species that possess
valuable elite germplasm, which holds
significant economic and medicinal worth
for future generations. Moreover, the
synthetic seed technology may be

employed to grow plant species that are in
capable of producing seeds, commonly
referred to as seed less species. The
development of synthetic seeds, which
include the direct propagation of plant
material from nurseries to fields, is crucial
for transferring high-quality plant material
between = commercial and  public
laboratories. It also allows for the safe
transportation of plant material across
borders without the risk of spreading
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diseases through aseptic pathways. Further
investigation is required to enhance the
capacityof artificial seed culture in a
commercial substrate and in conditions
that are not sterile. Artificial seeds are
highly  versatile andmay be used
extensively for propagating plants on a big
scale. For many decorative andno longer
existing plant species, it is the sole method
of reproduction. In addition to this,they
have been utilised in the commercial
cultivation of autogamous plant species,
genetically modified plants, conifers,
algae, and other organisms. Overall,
artificial seedtechnology has had a
significant impact on all areas of plant
biotechnology and has the potential to
become the most promising and practical
technology for the mass production of
plants.

Future prospects

Historically, the emphasis in plant tissue
culture  publications has been on
proliferation  techniques, with little
attention given to conservation, storage,
and transit issues. Synseed technology has
developed in the last three decades in an
effort to surpasss these constraints and
enables the efficient production on a big
scale. Nevertheless, the efficacy of a
propagation technique does not guarantee
the prosperous regeneration of synseeds,
since variables like the selection of nursery
medium, storage temperature, and time
significantly  influence the outcome.
Integrating research on somatic embryo
formationwith synseed creation in a proper
manner might effectively reduce the
impact of limiting variables. Non-
embryonicmeristematic tissues have a high
potential for synseed generation, which
can make the storage and transfer of
germplasm cost-effective for commercial
uses.Furthermore, it is crucial to take into
account the chemicall composition of gel
matrices and formulations of artificial
endosperm when considering the use of

synseed  technology  for

germplasm conservation
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Biochar is a carbon-dense, sponge-like
product created through pyrolysis. Because
of its great porosity, large surface area,
chemical stability and large number of
functional groups, biochar is an excellent
amendment to improve soils. As an
amendment, it provides increased water
holding and aeration capacity, an increase
of nutrients available to plants, as well as
the ability to act as a long-term, stable
carbon sink. Thus, biochar is a resource for
improving the ability to maintain/restoring
the  fertility and  resilience  of
soils.Furthermore, biochar can be used to
remediate contaminated environments due
to its ability to adsorb metals (e.g.
cadmium, chromium, mercury, nickel
andlead) (Uday et al., 2022; Marousek et
al., 2023) through the combination of
surface functional groups, large surface
areas, cation exchanging capacity and
porous structure. Modified biochars
enhance these attributes and have
additional contributions to the process of
enhancing carbon sequestration.
Additionally, due to having a consistent
supply of carbon and nutrients, biochar is a
source of Dbeneficial microorganisms,
which in turn improves (cultivates) both
the physical and biological aspects of soil
(Hewitt et al., 2023). The accumulation of
unwanted biomass, particularly pine
needles and the invasive plant Lantana

camara, is making it increasingly difficult
for hilltop residents in many parts of India
to manage their forested and agricultural
land. Pine needles accumulate on the
ground, creating a very dry, thick layer
that increases the risk of a forest fire and
hinders  reestablishment  opportunities.
Lantana is an extremely invasive shrub
that grows rapidly to form dense stands
that block sunlight from reaching the
ground, thereby limiting the growth and
biodiversity of native plants and reducing
the ability of farmers and foresters to
operate  within  these areas.Biochar
produced from pine needles and L.camara
IS gaining recognition as a source for
making high-quality biochars (Figure 01).
Pine needles are light, porous and fibrous
(contain high levels of lignin); therefore,
they can help improve soil aeration and
water retention.

How biochar is made

The biochar manufacturing  process
employs pyrolysis, a technique in which
organic materials (biomass) are heated in
an oxygen-starved environment using
temperatures between 350°C and 600°C.
Due to the absence of oxygen, complete
combustion cannot occur, however, the
biomass will undergo the process of
carbonization instead of burning to an ash
form of residue. In order to prepare the
biomass (pine needles and L.camara), the
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initial step is to chop and dry to an
acceptable moisture level to allow for
equal heating of all biomass, followed by
placing it onto a heated surface in either a
kiln or in a water bath styled biochar unit
where the pyrolysis can be performed

accordingly. The process of pyrolysis
generates volatile gases and vapors and
these by-products are captured and utilized
as a renewable source of energy; thus
providing a sustainable and eco-friendly
means of manufacturing biochar.

Lantana Camara

l

Improves Soil Structure

ﬁ
Biochar
LA RV 7,
: e AR

Enhances Soil Fertility

Figure 1: Biochars from Invasive Biomass: Pine needles and Lanatanacamara for Soil

Health.

Why pine needles and Lantana camara?
Pine needles and L. camara are abundant
and widely distributed in many hilly and
forested regions of India. Despite their
availability, both are often considered
problematic biomass due to their
environmental and management
challenges.Every year, pine needles build
up in a thick layer and create a level of
biomass that can be extremely flammable
and increase the risk of forest fires in hot,

dry weather to a much greater extent for
areas that have such material present to
approximately 0.89 million hectares within
the Himalayan Region (Bisht and Thakur
2020). Pine wastes, which consist of
needles, cones and wood, have a high
composition of volatile compounds; thus,
this biomass has a significant potential for
the conversion to bio-oil and biochar
through pyrolysis.Compared to other
residual fuels, the higher volatile content,
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lower ash percentage and elevated levels
of carbon and hydrogen in pine residues
make pine residues especially applicable to
bioenergy  production and  biochar
production of  carbon-rich  type.
Additionally, the end product (biochar)
produced from pine residues is deemed
environmentally friendly, has a very high
surface area, very high porosity, a
significant quantity of functional groups
and a high level of capacity for ionic
exchange and has excellent stability and
potential for reusability.

L.camara (L.) is an invasive shrub with an
aggressive growth habit that forms
impenetrable thickets. These thickets can
suppress native plants, lower the overall
biodiversity of areas where they invade,
and impede agricultural and forestry
practices. Largely due to its rapid
continued growth and ability to survive in
a wide variety of environmental
conditions, L.camara is now one of the
most problematic invasive species in the
world (Sahoo et al., 2021). Unfortunately,
an overwhelming majority of attempts to
use the biological pathway to control
L.camara have resulted in minimal success
in suppressing its growth (Katembo et al.,
2020). L.camara biomass is considered a
valuable and sustainable resource for
biochar due to its lower moisture and ash
contents, but higher carbon content than
other  lignocellulosic  materials  like
sawdust, rice husks, and cotton stalks
(Havilah et al., 2019). It also has a large
surface area, high cation exchange

capacity and high pH. These qualities
increase the ability of soils to supply and
store nutrients effectively. When combined
with compost or manures, it improves
nutrient

retention, reduces fertilizer

lossesand increases soil fertility, making it
a viable option for sustainable agriculture.
Therefore, using Lantana for biochar
production provides an opportunity for
sustainable biomass management,
promoting biodiversity conservation and
landscape  restoration  through  the
development of systematic harvests of this
invasive plant.

Advantages of turning pine needles and
Lantana camara into Biochar
Eco-friendly waste management
Utilizing Lantana and Pine Needles as an
economical resource for biochar helps to
create a sustainable way to manage
biomass. This method also minimizes the
potential for wildfires within forests by
removing combustible materials from the
forest floor, as well as controlling invasive
plant growth through using Lantana
biomass.

Soil health improvement

Soil benefits greatly from biochar because
of its honeycomb-like structure and ability
to store water, especially in dry soils or
degraded soils. Increasing the air pocket
size and increasing the ability of microbes
to survive and thrive are both created by
the increased porosity from the use of
biochar in relation to soil.

Carbon sequestration

The ability of biochar to store carbon for
decades and centuries is one of its most
significant environmental benefits.
Because of its chemical stability compared
to other organic amendments, which
decompose rapidly, carbon in biochar has
been locked up in the soil. This long-term
storage option helps to mitigate climate
change by reducing carbon dioxide
emissions into the atmosphere due to the
stability of this type of amendment. Thus,
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while biochar is considered an amendment

to improve soil fertility, it serves as an
important ally for sustainable agriculture
and climate-smart agriculture practices.

A sustainable opportunity for hill
agriculture

There are many challenges that face both
the Himalayan regions. These include soil
erosion, a decrease in soil fertility, forest-
type fire problems and an increase in
unwanted, invasive weed species. The
production of biochar from a combination
of common biomass like pine needles and
L.camara offers a viable and sustainable
solution to these challenges. By turning
problem-generating  biomass into a
valuable resource that helps improve soils,
communities will have cleaner forests,
improved soil fertility, less risk of
wildfires and more sustainable agricultural
production. Moreover, biochar production
can create employment opportunities for
small scale local commercial ventures,
resulting in positive impacts for both the
environment and the economy in rural
communities located in hilly areas.
Conclusion

The environmental issue of managing
invasive species and fire hazards can be
addressed through the use of biochar made
from pine needles and Lantana camara,
resulting in  sustainable agricultural
practices and increased crop production.
Converting these materials into a
beneficial soil structure will help to
improve soil health, which results in
greater crop yields. As such, the
development of more  advanced
technologies for the production of biochar
will enable greater awareness of the
importance of improving soils, meeting the
needs of local communities and

developing healthy ecosystems in hilly
regions where soils are more susceptible to
erosion and degradation.
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Abstract

Pongamia pinnata (L.) Pierre, commonly
known as Karanja or Indian Beech, is a
multipurpose leguminous tree valued for
its ecological, medicinal, and economic
significance. Native to the Indian sub-
continent and widely distributed across
tropical and subtropical regions, this
species has long been integrated into
traditional medicine, agroforestry, and
sustainable energy systems. Various plant
parts leaves, bark, roots, and flowers, pods,
and seedspossess distinctive therapeutic
and industrial applications. The leaves and
bark exhibit potent antimicrobial, anti-
inflammatory, and antioxidant activities,
while the seed oil, rich in oleic acid, serves
as a promising source for biodiesel and
biopesticide production. Ecologically, P.
pinnata enhances soil fertility through
nitrogen fixation, prevents erosion with its
robust root system, and thrives in degraded
or saline environments, making it an ideal
candidate for reforestation and land re-
clamation.  Additionally, its carbon
sequestration potential and adaptability
contribute to climate change mitigation
and ecosystem restoration. Economically,
the plant supports renewable energy
industries, organic farming, and rural
livelihoods through its diverse products
such as karanja oil, green manure, and
natural pesticides. This comprehensive
review synthesizes the multifaceted roles
of Pongamia pinnata, highlighting its

potential as a sustainable bioresource that
bridges the gap between environmental
conservation, traditional healthcare, and
green economy development.

Keywords: Pongamia pinnata, Karanja,
Biodiesel, Nitrogen fixation, Medicinal
plants, Sustainable development,
Bioresource

Introduction

Plants have been identified as an abundant
and valuable source for the development
of potential resources. Pongamia pinnata
(Linn.) Pierre popularly known as Indian
pongamia, Indian  beech, Karanja,
mullikulam tree, karumtree, pongam oil
tree, seashore mempari is a medium-sized
leguminous tree that is nearly evergreen
with a short bole and spreding crown
found in throughout the India and further
eastward, primarily in the littoral regions
of South Eastern Asia and Australia
(Satyavati et al., 1987). This legume tree
that has historically served in India and
adjacent nations as a source of traditional
medicine, green manure, timber, animal
feed, fuel, biopesticide, and piscicide
(Islam et al., 2021). In Indian ayurvedic
literature, different portions of this plant
have been prescribed as a treatment for
various diseases. This plant's seed and oil
have been used to treat a variety of
inflammatory and infectious disorders,
including leucoderma, leprosy, lumbago,
and muscular and articular rheumatism
(Nadkarni, 1954). The leaves are heated,
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digestive, laxative, and anthelmintic, and
they treat piles, wounds, and other
inflammations (Kirtikar and Basu, 1933).
A hot infusion of leaves is used as a
medicinal bath to relieve rheumatic
symptoms and to clean ulcers caused by
gonorrhea and scroflilous growth (Chopra

et al., 1933; Satyavati et al., 1987).
Ecologically, P. pinnataplays a vital role
in maintaining environmental balance
through  soil  enrichment,  carbon

sequestration, and restoration of degraded
ecosystems. Its ability to fix atmospheric
nitrogen through symbiotic associations
with Rhizobium bacteria improves soil
fertility and promotes the growth of
associated vegetation (Kumar & Sharma,
2011). The species is highly tolerant to
drought, salinity, and heavy metal
contamination, making it an ideal
candidate ~ for  reforestation, land
reclamation, and phytoremediation
programs (Kaushik & Kumar, 2004,
Dwivedi et al., 2011). Additionally, P.
pinnataserves as an important biodiesel
source, offering a sustainable alternative to
fossil fuels and reducing greenhouse gas

emissions (Naik et al., 2008). Its dense
canopy and extensive root system help
prevent soil erosion, enhance groundwater
recharge, and provide shade and habitat for
a variety of fauna (Sujatha et al., 2008).
This review evaluates the multiple
ecological strengths and environmental
functions of P. pinnata, highlighting its
role as a key species in sustainable land
management and  climate  change
mitigation. Promoting its cultivation can
make a substantial contribution to
enhancing ecosystem resilience,
conserving biodiversity, and improving
rural livelihoods.

Distribution of Pongamia pinnata

In India found in Andhra Pradesh, Gujarat,
Karnataka, Madhya Pradesh, Maharashtra,
and Odisha,Rajasthan, Tamil Nadu, Uttar
Pradesh, and West Bengal.

Found in other countries such as
Bangladesh, Myanmar, Nepal, Thailand,
Australia, China, Egypt, Fiji, Indonesia,

Japan, Malaysia, Mauritius, New Zeeland,
Pakistan, Philippines, Seychelles, Solomon
Islands, Sri Lanka, Sudan, United States of
America (Pandey et al., 2019).

2
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Figure 1: Distribution Map of Pongamia pinnata (Karanj) across the world.

(Source: https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:515679-1)
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The tree as a whole

The P. pinnata tree typically reaches 12—
18 meters in height and features a
spreading crown with a dense canopy of
glossy green leaves. It thrives in tropical
and subtropical climates and can tolerate
saline, alkaline, and drought-prone soils.
Being a legume, it forms a symbiotic
relationship with Rhizobium bacteria in its
root nodules, enabling nitrogen fixation
that enriches the soil. Because of this
property, the tree is extensively planted in
agroforestry, reforestation, and land

Leaves
The leaves of P. pinnata are compound,

shiny, and dark green, exuding a
characteristic fragrance when crushed.
They possess significant medicinal
properties and are widely wused in
traditional Ayurvedic and folk medicine.
Medicinal uses

Heated leaves are used as poultices to
relieve inflammation, swelling, and
rheumatic pain. Decoctions made from the
leaves act as a digestive aid, laxative, and
anthelmintic (worm expeller). A hot
infusion of leaves is used for bathing in
cases of skin infections, ulcers, and
gonorrhea.Recent pharmacological studies
have shown that leaf extracts possess
antimicrobial, anti-inflammatory, and

Figure 2:Pongamia pinnata (a) eaf; (b) Bark; (c) Tree.

reclamation projects. It prevents soil
erosion, restores fertility, and contributes
to carbon sequestration, making it an
excellent  species  for  sustainable
environmental management.

In addition, Pongamia is valued for its
ability to grow on marginal and degraded
lands, where few other crops can survive.
Its dense shade, strong root system, and
resistance to pests make it a dependable
tree for farm boundaries, roadways, and
coastal belts.

v

o

antioxidant properties,
traditional applications.
Agricultural uses

The leaves, when used as green manure,
enrich soil nitrogen and organic matter.
They are also applied as a natural pest
repellent in stored grains and gardens,
thanks to their bioactive compounds like
karanjin and pongamol.

Bark

The bark of P. pinnatais thick, gray-
brown, and rough to the touch, rich in
tannins and flavonoids.

Medicinal uses

In traditional medicine, bark extracts are
used to treat bleeding piles, ulcers, and
skin diseases. The bark decoction serves as
a febrifuge (fever reducer) and is applied

validating their
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externally to cleanse wounds and ulcers.
Its anti-inflammatory and antimicrobial
activity has been scientifically confirmed
in recent studies.

Industrial uses

The bark contains tannins that can be used
in leather tanning and dyeing processes. Its
fibrous texture also makes it useful for
making coarse ropes and mats in rural
settings.

Roots

The roots of P. pinnata penetrate deep into
the soil, stabilizing the ground and
preventing erosion, especially along
riverbanks and coastal areas.

Medicinal uses

Root extracts are used to treat gout,
rheumatism, and ulcers, and they exhibit
analgesic and anti-ulcer properties.
Ecological role

The root nodules host Rhizobium bacteria,
which fix atmospheric nitrogen into the
soil, improving fertility and supporting the
growth of other crops. This symbiosis
makes Pongamia a valuable companion
species in agroforestry systems.

Flowers

The flowers are small, fragrant, and
pinkish-white to lavender in color,
blooming profusely during spring and
early summer.

Medicinal and ecological uses

Flower extracts are known to have
antidiabetic and antimicrobial properties.
They attract bees and other pollinators,
thereby supporting biodiversity and honey
production.

Aesthetic value

The ornamental appeal of its blossoms
makes it a popular choice for avenue
planting and landscape beautification.
Pods and seeds

The pods are flat and contain one or two
seeds that are oily and bitter in taste. These
seeds are the most economically important
part of the tree.

Economic uses

The seeds contain 30-40% oil, known as
karanja oil, which is non-edible but rich in
oleic acid. It is widely used in biodiesel
production, biopesticides, and industrial
lubricants.

The residual seed cake, after oil extraction,
is used as organic manure and can be
detoxified for use as animal feed.
Medicinal uses

Seed oil has been used traditionally for
skin diseases, leprosy, and rheumatism due
to its antimicrobial and anti-inflammatory
properties. It is applied externally to treat
eczema, scabies, and ulcers.

Oil (Karanja Oil)

Extracted from the seeds, karanja oil is a
dark yellow to brown liquid with a
distinctive odor.

Industrial and Economic Uses:It serves as
a renewable source of biodiesel, meeting
ASTM and European fuel standards. The
oil is also used in the manufacture of
soaps, candles, paints, and lubricants.
Medicinal and agricultural uses

Karanja oil is applied as a natural
pesticide and insect repellent in organic
farming. It has proven efficacy against
various agricultural pests and mosquito
larvae. Medicinally, the oil is used
topically for treating skin ailments,
wounds, and joint pain.

Ecological Significance

Apart from its utilitarian uses, P. pinnata
contributes immensely to the environment.
It improves soil health, reduces carbon
emissions through biodiesel substitution,
and enhances biodiversity by providing
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food and shelter to insects and birds. Its
adaptability to saline and degraded soils
makes it a pioneer species for land
reclamation and climate resilience.

A comprehensive review on its
ecological, medicinal, and economic
potential

Ecological potential

Gunaseelan et al. [2014] studied the
potential of biogas (CHa) production from
NaOH-treated and untreated biomass
waste of P. pinnata. The results indicated
that the maximum amount of methane was
produced from untreated seeds, whereas a
lower methane yield was obtained from
the withered yellow leaves of P. pinnata.
The methane yields from fiber-rich leaves
and pod husks increased by 8-14% when
treated with NaOH. The de-oiled cake of
P. pinnata cannot be directly used for
animal feeding or agricultural purposes
due to its toxic properties. Hence,
anaerobic digestion of oilseed cakes serves
as an effective method for their safe
disposal and energy recovery, producing a
higher quality biogas compared to cattle
dung alone. Moreover, co-digestion of
cattle dung with Pongamia seed cakes
significantly enhanced the digestion rate
and methane yield. The C/N ratio of P.
pinnata oilseed cake was found to be 34.4,
while the pH ranged between 7.1 and 7.5,
depending on the proportion of cattle
dung, cake, and water dilution ratio used.
A 2006 field study reported that, over a
25-year growth period, a single Pongamia
tree has the potential to sequester about
767 kg of carbon. The researchers also
examined a large-scale implementation in
Powerguda village, Adilabad district,
Telangana, India, where 3,600 Pongamia
trees were planted to assess their combined

carbon sequestration capacity (Degani et
al., 2022).

Tulod et al. conducted a detailed
investigation to evaluate the growth
performance and phytoremediation
potential of Pongamia pinnata, Samanea
saman, and Vitex parviflora in copper-
contaminated soil amended with zeolite
and vesicular arbuscular mycorrhiza
(VAM) over a 170-day growth period. The
study aimed to assess the combined
influence of these soil amendments on the
plants’ growth, biomass production, and
copper uptake.

Medicinal potential

(Sajid et al., 2012) conducted a pioneering
investigation into the variations in
biological activities among the bark,
leaves, and seeds of P. pinnata, focusing
on their antioxidant and antimicrobial
potential using a range of solvent
extraction methods. This study represented
the first systematic attempt to compare the
bioactive properties of different plant parts
of P. pinnata across multiple extraction
solvents. The results suggested that the
bioactive constituents of P. pinnata could
serve as lead molecules for developing
new antimicrobial drugs and functional
foods designed to promote human health.
(Manigauha et al.,, 2009) explored the
neuropharmacological potential of P.
pinnata, a plant traditionally used in Indian
medicine for the treatment of mental
ailments and as a brain tonic. The authors
investigated the anticonvulsant and
neuroprotective properties of the plant and
its  bioactive  constituent  karanjin,
providing important insights into its
possible therapeutic role in neurological
disorders.
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(Srinivasan et al., 2001) conducted a
comprehensive study to evaluate the anti-
inflammatory potential of P. pinnataleaf
extracts using acute, subacute, and chronic
inflammation models in rats. The authors
administered a 70% ethanolic extract of P.
pinnata leaves and examined its effects on
different  experimental  models  of
inflammation to determine both its
efficacy and safety.

(Dwivedi et al., 2017) investigated the
gastroprotective and ulcer-healing
potential of the methanolic root extract of
Pongamia pinnata in experimental animal
models. After 10 days of treatment, the
methanol extract demonstrated significant
protection against aspirin-induced mucosal
damage and a marked reduction in acetic
acid-induced ulcers in Wistar rats. The
findings indicated that P. pinnata root
extract exhibits ulcer-protective effects,
primarily by enhancing mucosal defence
mechanisms.

Economical potential

Scott et al. conducted an extensive study
on the potential of P. pinnata as a
sustainable  feedstock  for  biodiesel
production. Their research highlighted that
the seeds of P. pinnata contain 30-40%
oil, which can be efficiently converted into
biodiesel (fatty acid methyl esters,
FAMEs) through esterification with
methanol in the presence of potassium
hydroxide (KOH). The authors analysed
the fatty acid composition of the seed oil
and reported that oleic acid (C18:1) is the
dominant component, constituting 40-55%
of the total fatty acids. The study noted
that while unsaturated C18 acids such as
C18:2 and C18:3 is more prone to
oxidation, the overall composition of P.
pinnata oil makes it a suitable and stable

source for biodiesel. The fuel properties of
P. pinnata biodiesel were found to meet
North American and European standards,
demonstrating its quality and viability as a
renewable fuel.

Conclusion

P. pinnata stands as an exceptional
example of nature’s
multifunctionalitycombining  ecological
resilience, medicinal  richness, and
economic promise. Its diverse

phytochemical profile underpins a wide

spectrum of pharmacological effects,
including anti-inflammatory,
antimicrobial, antioxidant, and
neuroprotective properties, which
substantiate its deep-rooted role in
Ayurvedic and traditional medicine.

Ecologically, its nitrogen-fixing ability,
tolerance to saline and degraded soils, and
contribution to carbon sequestration render
it an invaluable species for environmental
rehabilitation and climate-smart land
management. Economically, P. pinnata
represents a viable renewable energy crop
due to its high oil yield suitable for
biodiesel production, aligning with global
efforts toward reducing fossil fuel
dependency and carbon emissions.
Further, strengthens its role in circular
bioeconomy models. Promoting large-
scale cultivation of P. pinnata can enhance
rural  income, support  sustainable
industries, and restore ecological balance.
Future research should focus on genetic
improvement, value-added processing, and
optimized agroforestry integration to fully
harness the potential of this remarkable
tree for a greener, more sustainable future.
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Pruning is the practice of removing
specific parts of a tree or shrub that are
drying or dying due to pests, diseases, or
lack of sunlight. In public parks and
gardens, trees are often pruned to control
their shape and maintain structural
integrity, thereby enhancing their aesthetic
appeal (Fig. 1). Fruit farmers commonly
prune trees such as mango, pomegranate,
moringa, and mulberry after every harvest,
often relying on unscientific methods and

Pruning
Removal of
dead or
diseased branchs

unhealthy practices in an attempt to
maximise yield within a short period.
While pruning helps limit branch height
and ensures easier access to leaves,
flowers, and fruits, and can indeed boost
productivity in the short term, these
benefits come at the cost of the tree’s
overall lifespan and long-term health.
However, many tree species also self-
prune as part of their natural biological
process.

Trimming

Shaping and
ZAyeduction of a
fPce’s size

Fig 1: Pruning Vs Trimming

Unaware of this fact, farmers and timber
growers often apply the same logic to teak
and sandalwood, following misguided
advice from professors and expert
scientists, which ultimately causes greater
harm to the tree (Fig 2 and Fig 3).So far,
no scientific evidence has been reported to
demonstrate the benefits of pruning in
wood-yielding tree species.Pruning teak

and sandalwood trees can have serious
negative consequences, including
weakened structural integrity, stunted
growth, and open wounds that invite
diseases. It also removes vital flower and
leaf buds, which may reduce tree vigor,
compromise stability, and diminish both
aesthetic value and ecosystem services
(Fig 4 and Fig 5).
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Pruning Teak Tree_y .

s FRl ~ 1

Fig 3: Pruning cut made close to the main trunk

The bark serves as the tree’s first line of
defense, protecting the inner stem layers
— the sapwood beneath the bark and the
heartwood at the core. When branches are
pruned, this protective layer is wounded
and dries out, leaving cut ends that expose
the inner tissues. These open wounds

become easy entry points  for
biodeteriorating organisms such as wood-
decaying  fungi (Allophomatropica,
Ganodermaapplanatum,  Xylariaberteroi)
and pests like wood borers and termites,
which first feed on the dried bark and then
invade the exposed stem tissues. As decay
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progresses, the inner layers deteriorate, natural branch growth patterns, often
weakening the tree structurally, reducing leading to excessive bunching at specific
leaf size, and causing premature fruit drop. points.

Pruning-induced injuries also disrupt

Selonsa
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Once fungal and insect infestations are
established, they are extremely difficult to
control, as many of these organisms have
developed strong resistance to pesticides.
Additionally, excessive pruning weakens
structural stability by reducing leaf area
and limiting photosynthesis, thereby
depleting the tree’s energy reserves and
making it more vulnerable to strong winds
(Fig 4 and Fig 6). In many cases, heavily
pruned trees require wooden props for
support, which themselves attract termites
when dry, further accelerating decline.
Beyond structural and physiological
impacts, pruning disrupts ecological
interactions by reducing flower and leaf
bud availability, limiting  essential
resources for pollinating insects. This
affects their foraging, nesting behaviour,
phenology, and reproduction, ultimately
harming cross-pollinating tree species such
as teak and sandalwood.

The Institute of Wood Science and
Technology (IWST) has conducted an
analysis of timber plantations across five
states - Tamil Nadu, Karnataka, Kerala,
Andhra Pradesh, and Telangana. The study
revealed that a major cause of economic
loss to timber growers is the unnecessary
pruning of valuable timber species such as
teak and sandalwood (Fig 7 and Fig 8).The
findings strongly emphasize that: “The so-
called ‘Science of Pruning’ becomes the
‘Philosophy of Destruction” when applied
to long-rotation, high-value timber trees.”
The southern states are leading producers
of sandalwood and teak, both of which
hold significant ecological and commercial
value. Their cultivation, particularly in
Karnataka and Tamil Nadu, expanded
rapidly in the early 2000s when private
ownership was legalized. These species

are highly profitable: on average, a well-
maintained sandalwood tree can yield
around X1 lakh in 15 years and up to %5
lakhs in 25 years, provided its health is
safeguarded.

However, many growers fail to achieve
such returns. Premature tree mortality and
poor growth performance are frequently
observed, and evidence points to pruning
as the root cause. By reducing leaf cover,
pruning weakens the tree’s physiological
functions, stunts growth, and compromises
its survival.

Therefore, growers of long-rotation timber
species must abandon this misguided
practice and instead focus on maintaining
tree health through natural, sustainable
growth-enhancing methods. A clear
distinction must be made:

e We get benefits by pruning fruit
crops (grown for food).

e We lose the trees and their
production by pruning timber trees
(grown for wood).

Every leaf is vital—not only for the tree’s
growth but also for the ecosystem services
it provides. In the era of climate change,
the urgent call is: “Save durable, long-
rotation timber trees from pruning. Love
the trees, and grow wood”

Preserving the integrity of these species is
essential for sustaining their productivity,
ensuring grower profits, and conserving
tree-based  ecosystems  for  future
generations.Pruning may aid fruit crops,
but in timber trees like teak and
sandalwood it weakens growth, shortens
lifespan, and invites pests and diseases.
Sustainable, non-pruning practices are
essential to safeguard tree health, grower
profits, and ecosystem resilience.
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Bioprospecting is defined as a process of
"exploration of biodiversity  for
commercially valuable biological and
genetic  resources”. This  endeavour
"involves the application of advanced
technologies to develop new
pharmaceuticals, agrochemicals,
cosmetics, flavourings, industrial enzymes,
and other valuable products. Indigenous
knowledge plays a crucial role in this
process since traditional insights often
provide valuable leads to bioresources
with commercial potential. The
convergence of scientific knowledge and
traditional wisdom has further highlighted
the importance of genetic resources.
Bioprospecting  entails  the  search,
identification, and collection of
biospecimens followed by the examination
of their molecular, biochemical, or genetic
properties. It also employs various cutting-
edge technologies to process and develop
genetic material from these specimens that
possess desirable characteristics  for
commercial products (Cao and Kingston,
2009). However, the expanding market
potential of natural products has sparked
concerns about equitable benefit-sharing,
sustainable resource use, and capacity
building in developing nations. With its
broad industrial relevance, bioprospecting
continues to drive innovation by
uncovering  novel applications  for
biological species, significantly
contributing to new product development
in sectors such as healthcare, agriculture,
and personal care (Afreen and Abraham,
2008).

Bioprospecting has historically played a
crucial role in major medical discoveries,
such as as the cancer drug paclitaxel

(Taxol) derived from the Pacific yew tree
(Taxus brevifolia) and the antimalarial
compound artemisinin extracted from
Artemisia annua. Although the term
bioprospecting is modern, the practice
itself dates back millennia, when early
civilizations observed that certain plant
roots possessed therapeutic properties or
distinct flavours. A well-known example
of accidental bioprospecting is Alexander
Fleming's  discovery of  penicillin.
Similarly, the active ingredient in willow
bark, salicylic acid — a precursor to
aspirin — had been used by the Greeks as
early as the fifth century BC to alleviate
fever and pain. Over time, scientific
advancements enabled researchers to
isolate, refine, and synthesize these
bioactive compounds for broader medical
applications. In recent years, the increasing
demand for natural products and
traditional medicine in pharmaceuticals
has revived interest in bioprospecting,
given its potential for drug development
and herbal remedies. In the past two
decades, rapid advancements in
biotechnology, medicine, and agriculture
have further expanded the scope and
economic potential of bioprospecting,
highlighting its importance in modern
science.

Why Bioprospecting?

e To discover new natural resources
and goods that humanity may
utilize.

e The increasing global population
demands innovative products and
industrial processes, such as new
drugs and medicines, to improve
human health and nutrition
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e Bioresources provide essential raw
materials for meeting the demands

of  various industries like
pharmaceutical, agricultural,
cosmetic, food, and flavour
industries.

e Required to find leads for drug
development because there are
either few known or current
compounds for creating
medications for human use, or
some diseases are still incurable.

What is being used in bioprospecting?
Plants: Explored for their nutritional and
medicinal properties

Animals: studied for their genetic traits
and bioactive components.
Any other organism:
bacteria, and  microorganisms
potential commercial value.
Derivative: part, tissue, extract, chemical
compounds.

Genetic material: contains functional
units of heredity, usually employed for
research, breeding, or biotechnological
advancements.

Who does bioprospecting?

Phases of bioprospecting

Includes fungi,
with

isolation and characterization of specific

Bioprospecting involves several industries,
including medicines, agribusiness,
biotechnology, seed, crop protection,
horticulture, cosmetics, personal care and
fragrance, botanicals, and food and
beverage. The majority of natural product
research now takes place at academic and
government research facilities, as well as
smaller discovery enterprises (Afreen and
Abraham, 2008).
Need for Exploring Natural Products
e Living organisms are valuable
sources of natural products with

significant chemotherapeutic
potential.
e Tribal and folk remedies have

effectively utilized these natural
resources for centuries.

e Scientific research and therapeutic
validation of natural products are
ongoing to confirm their efficacy.

e Natural products often serve as

essential  starting  points  for
developing improved medicinal
compounds with enhanced
properties.

Phase |: on-site collection of samples

Phase Il: culturing of organisms,

compounds

Phase lli: screening for specific uses

commercialization, including patenting,

Phase IV: product development and

trials, sales, and marketing

Figure 1: Four phases of bioprospecting

Bioprospecting is a multidisciplinary
process that involves several scientific
stages, each crucial for transforming
natural  bioresources into  valuable
commercial products.
e The initial step is collection, where
biological materials are sourced

from diverse ecosystems such as
forests, deserts, aquatic systems,
and geothermal vents. Culture
collections, botanical gardens, and
protected areas are also vital
sources. An example is the
discovery of Taq polymerase,
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derived from Thermus aquaticus,
found in Yellowstone National
Park's geothermal springs, which
revolutionized PCR technology
(Chien et al., 1976).

e The next stage, screening, involves
identifying bioactive compounds
using advanced techniques like
high-throughput screening (HTS)
and metabolomics tools such as
LC-MS, GC-MS, and NMR. These
methods led to the discovery of
Daptomycin, an antibiotic derived
from Streptomyces roseosporus
(Miao et al., 2005).

e Following identification, isolation
and purification are carried out
using techniques like solvent
extraction and chromatography to

obtain pure compounds. For
example, Taxol (Paclitaxel), a
powerful anticancer agent, was

isolated from Taxus brevifolia
through solvent fractionation and
HPLC. Since some natural
products have complex structures,
semi-synthetic modifications are
often  required to  enhance
bioavailability and yield. An
example is Artemisinin, a potent
antimalarial derived from
Artemisia annua, whose modified
derivatives like artemether
improved therapeutic efficacy.

e The subsequent phase includes
clinical trials, where drugs undergo
rigorous testing for safety, efficacy,

and pharmacokinetics. Notably,
Yondelis (trabectedin), sourced
from the marine tunicate
Ecteinascidiaturbinata,

successfully passed trials and

gained FDA approval as a cancer
treatment (Cuevas and Francesch,
2009). In addition, field trials
ensure practical effectiveness in
agriculture and  environmental
management, such as bioherbicides

Vol. 13, No. 1,
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derived from Alternaria cassiae to
control Cassia obtusifolia
infestations.

e To secure innovations, intellectual
property protection plays a crucial
role. India's Traditional Knowledge
Digital Library (TKDL) helps
safeguard indigenous medicinal
knowledge and prevent biopiracy.

e Finally, the manufacturing and
marketing phase involves scaling
up production with methods like
fermentation, plant cell culture, and

enzyme  engineering  ensuring
product stability, quality, and cost-
effectiveness. For instance,

Lovastatin, a cholesterol-lowering
drug from Aspergillus terreus, is
mass-produced through optimized
fermentation methods. Effective
marketing strategies that emphasize
sustainability ~ further  enhance
product outreach and social impact.
Bioprospecting in Different Fields
Bioprospecting is a scientific process that
explores biological resources to identify
bioactive compounds with potential
commercial applications. Plants, microbes,
marine  organisms, and terrestrial
ecosystems each  contribute  unique
chemical and genetic diversity, offering
significant prospects in pharmaceuticals,
agriculture, and industrial biotechnology.
Plant Bioprospecting
Plants are vital sources of bioactive
compounds such as alkaloids, terpenoids,
and flavonoids, known for their
antimicrobial, anti-inflammatory, and
antioxidant  properties. Advances in
extraction techniques, including solvent
extraction, chromatography, and molecular

screening, have improved the
identification and isolation of plant-
derived compounds. Sustainable

harvesting practices and plant tissue
culture methods are widely employed to
conserve biodiversity while maximizing
compound production (Newman and
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Cragg, 2020). Modern techniques like
metabolomics and genome-based
screening further enhance the discovery of
novel plant-based molecules.

Microbial Bioprospecting

Microbes are prolific producers of
secondary metabolites, including
antibiotics, immunosuppressants, and

industrial enzymes. Bacteria, fungi, and
actinomycetes have proven invaluable due
to their rapid growth and adaptability,
which facilitate scalable production.
Advanced genomic tools such as
metagenomics enable the identification of
novel biosynthetic gene clusters that drive
the discovery of previously unknown
microbial metabolites (Charlop-Powers et
al., 2016). Techniques such as
fermentation optimization and genetic
engineering have further  improved
microbial metabolite  yields  and
bioactivity.

Marine Bioprospecting

Marine environments, characterized by
extreme conditions like high pressure, low
temperatures, and limited sunlight, foster
the evolution of wunique metabolic

*Reduced water loss
*Reduced carbo footprints
*Bio-remediation
*Eco-friendly products

*Value added product from
waste

CLIMATE
CHANGE

pathways in marine organisms. This
results in the production of structurally
diverse bioactive compounds with novel
mechanisms of action. Marine-derived
metabolites are increasingly explored for
their anticancer, antiviral, and anti-
inflammatory potential. Genome mining
and microbial cultivation techniques have
improved the discovery and large-scale
production of marine bioactive
compounds.

Terrestrial Bioprospecting

Terrestrial ecosystems, particularly soil
environments, are rich in microbial
diversity, which is a valuable source of
antibiotics and enzymes. Actinomycetes
and other soil-dwelling bacteria contribute
significantly to bioprospecting efforts.
Additionally, terrestrial plants adapted to
extreme environmental conditions often
develop bioactive secondary metabolites
with  protective  functions.  Modern
techniques like molecular phylogenetics
and metabolic engineering have enhanced
the identification and production of
terrestrial bioactive molecules.

eLess reliability on fossil
fuels,

eBiofuel production

slesser steps and lesser
power consumption

eBiorefinery

ENERGY
EFFICIENCY

FOOD
SECURITY

sFermented product

*Fortified product

*Pathogen detection
biosensor

*Value added product from
waste

HEALTHY
LIVING

sBiopharmaceuticals
eMonoclonal AB

*Stem cell therapy
ePersonalised medicine

Figure 2: Bioprospecting: Harnessing Biodiversity for Pharmaceutical, Agricultural,

and Industrial Advancements
Plants as a source of drugs
e Plants represent major approach for
the discovery and development of

new drugs due to their chemical
diversity and ability to act on
various biological targets.
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e Plant secondary metabolites played
an important role in alleviating
several ailments in traditional
medicines and folk uses.

e Basis of many traditional medicine
systems throughout the world for
thousands of years.

e Initially dispensed in form of crude
drugs such as tinctures, teas,
poultices and herbal formulations.

e In modern medicine, they provided
lead compounds for the production
of medications.

e Drug discovery from plants
involves a multidisciplinary
approach  combining  botanical,
ethnobotanical, phytochemical,
biological and biotechnological
techniques.

The classes of secondary plant
metabolites include:

e Polyphenols

e Alkaloids

e Terpenes

e Saponins

e Glycosides
Screening of bioactive compounds
It is done mainly by 3 methods.

Phylogenetic method

It involves the collection and analysis of

all the members of those plant families in

which some taxa are already known to be

good sources of useful products.

Ethno-directed method

It is mainly focused on plants which based

on traditional knowledge or are known to

be used by tribal people but not yet

popularised.

The process of plant bioprospecting can

be broadly classified into two categories

e Single plant species, where plants

are selected on the basis of their
folk use and screened for their
biological activities (medicinal or
agricultural) and chemical
constituents. This approach led to
the isolation of a large number of
bioactive chemical constituents,
many of which are in different

stages of  biological and
pharmacological studies
e The second involvesthe

rationalization of composite plant-
based remediesand manufacturing
of herbal-based medicines that are
already in use. These projects

include standardization of
Random method i - ; i
. . medicines, toxicological studies
It involves random collection of plants . .
. , and bioassay screenings.
found in the given area of study.
Table 1: FDA approved plant drugs
Drug Source Part Nature Use Trase name
Atropine  |Atropa belladona| Leaves | Alkaloid | Anti- chlolinergic Atropen
. " . . . Colforsin,
Forkoslin | Coleus forskohlii| Roots | Diterpene |For treating obesity NKH477
Tubocurarine Chondrodrendron Bark | Alkaloid Anaesthesia Curopan
tomentosum
Reserpine Rauvol_fla Roots | Alkaloid |Anti- hypertensive Serpasil
sepentina
Morphine Pap_aver Latex | Alkaloid Analgesic Duramorph
somniferum
Digoxin Digitalis lanata, Leaves | Glycoside Cardiotonic Digitek
D. purpurea
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Vincristine and| Catharanthus | Aerial

) i Alkaloid Anti- cancer Oncovin
Vinblastine roseus parts
Qunine Cinchonaspp. | Bark | Alkaloid | Anti- malarial Quinstar
Paclitaxel Taxus spp. BE} r;/ggd Alkaloid Anti- cancer Taxol

Galanthus nivalis,| Bulbs
Galantamine |G. caucasicus, G.| and

Alkaloid | Anti- Alzheimer Razadyne

woronwii flowers

Rivastigmine Physostigma Fruit | Alkaloid Fortreat|_ng Exelon
venenosum dementia

Pilocarpine I?llocarpu_s Leaves | Alkaloid For treating Andre Carrpine
jaborandi glaucoma

Colchicine |Gloriosa superba| Root | Alkaloid | Gout treatment Colcrys

Table 2: Semi- synthetic derivatives of drugs

Drug Semi- synthetic derivative
Paclitaxel Docetaxel and cabazitaxel
Vincristine, vinblastine Vindesine, vinorelbine and its bifluorinated analogue vinflunine.
Podophyllotoxin Etoposide and teniposide.
Artimisinin Artesunate, arteether and artemether
Morphine /Apomorphine, hydromorphine
Comptothecin Irinotecan and topotecan
Atropine Tiotropium

Bioprospecting in agriculture
Biopesticides and Bioherbicides

Bacillus thuringiensis (Bt) toxin

A naturally occurring soil bacterium used
to produce Bt crops (e.g., Bt cotton, Bt
corn) that are resistant to insect pests like
the cotton  bollworm  (Helicoverpa
armigera).

Neem extracts (Azadirachta indica)
Neem-based pesticides (e.g., azadirachtin)
act as natural insect repellents, disrupting
pest growth cycles.

Metarhizium anisopliae

A fungus used in the biological control of
insects like locusts and mosquitoes.
Biofertilizers

Rhizobium spp.

Symbiotic nitrogen-fixing bacteria used in
leguminous crops like soybeans, peas, and
chickpeas to enhance soil fertility.
Azospirillum spp.

Free-living nitrogen-fixing bacteria that
improve root development and nutrient
uptake in cereals like wheat and maize.
Mycorrhizal  fungi  (Glomus  spp.)
Enhance phosphorus uptake in crops such
as corn, tomatoes, and fruit trees.

Plant growth promoters

Gibberellins from Gibberellafujikuroi
Used in horticulture to promote seed
germination and stem elongation in crops
like grapes and sugarcane.
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Trichoderma spp.

Fungi that enhance root growth and
provide protection against root diseases in
vegetables and cereals.
Seaweed extracts (e.g.,
nodosum)

Act as biostimulants to improve crop stress
tolerance and yield.

Drought and disease resistance
Drought-resistant genes from Tepary
beans (Phaseolus acutifolius)

Used in breeding drought-tolerant
common beans.

Wild wheat (Aegilops tauschii)

Source of disease-resistant genes used in
modern wheat varieties to combat rust

Ascophyllum

diseases.
Tomato wild relatives (Solanum
pennellii)
Used to introduce salt and drought

resistance in cultivated tomatoes.

Soil Health

Pseudomonas putida

A bacterium used for degrading harmful
pesticides in contaminated agricultural
soil.

Fungi (Aspergillus niger)

Used for phytoremediation of heavy
metals like lead and cadmium from
polluted farmlands.

Vetiver grass (Chrysopogon zizanioides)
Used for soil erosion control and
phytoremediation of toxins in water bodies
near agricultural fields.
Bioremediation

Oil  spill  cleanup
degradation)
Example

The Deepwater Horizon Oil Spill (2010,
Gulf of Mexico)
Bioprospected Organisms
Alcanivorax borkumensis,
putida, Mycobacterium spp.
Mechanism

These bacteria break down hydrocarbons
(oil components) using specific enzymes
such as alkane monooxygenase.
Application

(Hydrocarbon

Pseudomonas

During the Deepwater Horizon spill,
scientists  discovered that naturally
occurring Alcanivorax populations
increased in response to the oil

contamination, contributing to the natural
breakdown of petroleum.

Heavy metal removal from
contaminated water
Example

Gold Mine in Australia (Bioremediation of
Mercury and Arsenic)

Bioprospected Organisms

Cupriavidus metallidurans, Bacillus spp.
Mechanism

Cupriavidus metallidurans can transform
toxic heavy metals like mercury and
arsenic into less harmful forms.

Bacillus species can bioaccumulate metals
and immobilize them.

Application

In mining sites, these bacteria are used in
bioreactors to remove toxic metals from
wastewater before it is discharged.

Plastic degradation

Example

PET Plastic Degradation by Ideonella
sakaiensis
Bioprospected Organism
Ideonella sakaiensis,
Japanese waste site.
Mechanism

This bacterium produces PETase and
MHETase enzymes that break down
polyethylene terephthalate (PET) plastic
into environmentally harmless monomers.
Application: Researchers are exploring
ways to use I. sakaiensis or its enzymes in
industrial waste treatment to help degrade
plastic pollution.

Pesticide and Herbicide Degradation
Example: Atrazine Herbicide
Biodegradation in Farmlands
Bioprospected Organisms

Pseudomonas spp., Rhodococcus spp.
Mechanism

Pseudomonas bacteria use enzymes to
break down atrazine, a widely used
herbicide, into non-toxic byproducts.

discovered in a

¥ ©published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India

37



Van Sangyan (ISSN 2395 - 468X)

Vol. 13, No. 1,

Issue: January 2026

Rhodococcus  species degrade other
pesticides like lindane.

Application

These bacteria are used in

bioaugmentation to decontaminate
agricultural fields where pesticides have
accumulated.
Personal care
Cosmetics
Antioxidants
Prevent skin aging and UV damage (e.g.,
resveratrol from grapes, astaxanthin from
algae).
Hydrating agents
Natural moisturizers (e.g., hyaluronic acid
from Streptococcus bacteria, aloe vera
gel).
Natural pigments
Used in makeup and skincare (e.g.,
carotenoids from microalgae, anthocyanins
from berries).
Anti-aging  and
compounds
Found in marine and botanical sources
(e.g., fucoidan from brown seaweed,
polyphenols from green tea.
Fortified food
Probiotics
Beneficial bacteria (e.g., Lactobacillus,
Bifidobacterium) for gut health.
Prebiotics
Fibers that support gut microbiota (e.g.,
inulin from chicory root).
Omega-3 Fatty Acids
Essential for brain and heart health (e.g.,
sourced from microalgae like
Schizochytrium and fish oil).
Plant-Based Proteins
Derived from legumes, algae, and fungi.
Natural Sweeteners and Fibers
Stevia rebaudiana (stevia) and resistant
starch from bananas.
Approaches to biodiversity regulation
Convention on Biological Diversity
(CBD, 1992)

e Establishes sovereign rights over

biological resources.

anti-inflammatory

e Emphasizes Access and Benefit-

Sharing (ABS) mechanisms.
Nagoya Protocol (2010)

e Provides guidelines for fair and
equitable  benefit-sharing  from
genetic resource utilization.

e Requires Prior Informed Consent
(PIC) and Mutually Agreed Terms
(MAT) for resource access.

World Trade Organization (WTO) -
TRIPS Agreement

Includes  provisions  for  protecting
traditional knowledge through patents and
intellectual property rights (IPR).

Scope of bioprospecting in India

India’s vast biodiversity and deep
traditional knowledge make it a prime
region for bioprospecting in
pharmaceuticals, agriculture, and

biotechnology. With over 45,000 plant and
89,000 animal species, many of which are
endemic, India is recognized as one of the
world’s 17 megadiverse countries. More
than 400 ethnic groups and long-
established medical systems such as
Ayurveda, Siddha, Unani, and Tibetan
medicine use around 7,500 plant species,
and this ethnobotanical knowledge
continues to guide modern drug discovery.
To safeguard this heritage and prevent

biopiracy, the Traditional Knowledge
Digital Library (TKDL) documents
traditional medicinal formulations and

protects them from wrongful patenting.
Economically,  bioprospecting  holds
significant potential, with India’s herbal
medicine market projected to reach $26.79
billion by 2030. It also promotes
sustainable agriculture through
biofertilizers, biopesticides, and plant
growth-promoting microbes. In
environmental management,
bioprospecting supports bioremediation
efforts. India’s Biological Diversity Act
(2002) ensures equitable benefit-sharing
with indigenous communities.

Challenges

Biodiversity Loss
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Deforestation, climate change, and habitat
destruction threaten the availability of
valuable biological resources.

Ethical and Legal Issues

Ensuring fair compensation for indigenous
communities and source countries under
international agreements like the Nagoya
Protocol.

Sustainability Concerns

Overharvesting of bioresources can lead to

ecological imbalance and  species
endangerment.

Biopiracy

Exploiting genetic resources without

proper authorization or fair compensation
can lead to conflicts and loss of benefits
for local communities.

Future prospects

Drug discovery

Development of new antibiotics, cancer
treatments, and neurological medicines.
Biotechnology and genetic engineering
Use of synthetic biology, CRISPR, and
genomics to enhance bioactive
compounds.

Sustainable agriculture

Innovation in biofertilizers, biopesticides,
and drought-resistant crops.

Marine and extremophile research
Exploration of deep-sea organisms and
marine-derived biomaterials for industrial
and medical use.

Al and digital bioprospecting

Machine learning and big data to
accelerate compound discovery.

Ethical and sustainable approaches
Strengthening fair benefit-sharing and eco-
friendly resource management.
Conclusion

Bioprospecting is a transformative
approach  that bridges  biodiversity
conservation, scientific innovation, and
sustainable development. By leveraging
advancements in biotechnology, genomics,
and Al, it unlocks novel Dbioactive
compounds for medicine, agriculture, and
industry, reinforcing the economic and
ecological value of natural resources.

Ethical frameworks like Access and

Benefit-Sharing  (ABS) ensure fair

compensation to indigenous communities

while promoting conservation efforts.

Sustainable  bioprospecting not only

protects biodiversity from overexploitation

but also fosters eco-friendly industries and
scientific breakthroughs. Moving forward,

a balance between exploration, regulation,

and conservation will be key to

maximizing biodiversity’s potential while
safeguarding it for future generations.
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Introduction

Biodiversity is fundamental to ecosystem
stability and human well-being, yet it is
declining rapidly due to landuse change,
habitat loss, overexploitation, pollution,
invasive species and climate change.
Global assessments by FAO and UNEP
(FAO/UNEP, 2020) and IPBES warn that
nature is being degraded at an
unprecedented rate, threatening essential
ecosystem services such as pollination,
soil fertility, water regulation and climate
regulation. In this context, agroforestry,
which integrates trees with crops and or
livestock, offers a practical approach to
biodiversity conservation. By increasing
landscape diversity and mimicking natural
ecosystems, agroforestry systems provide
habitats for plants, animals and soil
organisms, support ecological connectivity
and enhance ecosystem resilience, while
also sustaining agricultural productivity
and livelihoods (Jose, 2012).
Agroforestry as a tool for biodiversity
conservation

Agroforestry is an effective tool for
biodiversity —conservation because it
integrates trees and shrubs into agricultural
landscapes, creating diverse habitats that
support a wide range of plant, animal and
soil organisms. These systems enhance
species richness and genetic diversity by
providing food, shelter and breeding sites,
while diversified vegetation helps regulate
pests and diseases through natural
biological control (Altieri and Nicholls,
2004; Udawatta et al., 2021). By
mimicking natural ecosystems,
agroforestry improves landscape
connectivity through features such as

S
s

hedgerows and riparian buffers, supports
in situ conservation of native and
traditional  species and  strengthens
ecosystem resilience to climate change
(Dawson et al., 2013). Agroforestry also
conserves soil and water resources by
reducing erosion, improving soil structure
and fertility, enhancing water regulation
and supporting below-ground biodiversity
essential for nutrient cycling and
ecosystem stability (Nair et al., 2010;
Marsden et al., 2020).

Floral diversity in agroforestry system
Conventional agriculture largely relies on
monocultures  that  prioritize  food
production but simplify ecosystems,
leading to a sharp decline in floral
diversity and reduced ecosystem resilience
to pests, diseases and environmental stress
(Varah et al., 2013; Mace et al., 2012). In
contrast, agroforestry systems integrate
trees, shrubs and crops, creating
structurally complex and species-rich
landscapes that support higher plant
diversity and improved ecosystem
functioning (Jose, 2012). This
diversification enhances functional traits,
stabilizes  production  systems and
contributes to long-term sustainability.
Across regions, diverse agroforestry
practices such as alley cropping,
silvopasture, forest farming, riparian
buffers and home gardens significantly
enhance floral diversity. In North America,
alley cropping and silvopastoral systems
using species such as Juglans, Populus and
Quercus increase plant richness and
habitat heterogeneity (Garrett et al., 2009;
Wolz and Delucia, 2018). Tropical
systems show similar trends, with home
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gardens in South and Southeast Asia
supporting exceptionally high species
richness and functioning as reservoirs of
native and useful plants (Kumar and Nair,
2006; Kabir and Webb, 2008). Studies
from  Sumatra and West Africa
demonstrate that rubber and cocoabased
agroforestry systems can approach the
floristic diversity of secondary forests and
far exceed that of monocultures
(Murdiyarso et al., 2002; Asare, 2005).
Global reviews confirm that agroforestry
consistently  maintains  higher  plant
diversity than conventional agriculture and
often bridges the gap between croplands
and natural forests, underscoring its
importance  for  floral  biodiversity
conservation (Tomich et al., 2001;
Alkemade et al., 2009).

Faunal diversity in agroforestry system
Agroforestry systems support significantly
higher faunal diversity than monocultures
because their greater plant and structural
complexity provides food, shelter and
breeding habitats for a wide range of
organisms, including pollinators, birds,
insects and soil fauna (Jose, 2012).
Pollinators are among the most important
beneficiaries, as diversified tree-crop
systems maintain flowering resources,
nesting sites and favorable microclimates.
While pollinator diversity declines sharply
in  monocultures, agroforestry systems
retain a large proportion of forest
pollinator species and functional roles,
making them critical for both crop
production and wild plant reproduction
(Klein et al., 2003; Barrios et al., 2017).

Mixed-tree  systems are particularly
effective in sustaining diverse and
functionally important pollinator

communities (Potts et al., 2010).

Agroforestry also enhances avian and
insect diversity by increasing habitat
heterogeneity and landscape connectivity.
Shade-grown coffee and cocoa systems,
windbreaks and riparian buffers have been
shown to support higher bird richness than

adjacent monocultures and to act as
corridors linking fragmented habitats
(Harvey and Gonzalez-Villalobos, 2007).
Increased insect diversity in these systems
improves natural pest regulation, reducing
crop damage and dependence on chemical
inputs (Karp et al., 2013). Below ground,
agroforestry promotes earthworms and
other soil fauna through higher organic
matter inputs and reduced disturbance,
improving soil structure and nutrient
cycling (Price and Gordon, 1999;
Cardinael et al., 2018). Evidence from
tropical regions further indicates that
agroforestry can retain a large share of
forestassociated fauna, including mammals
and insects, underscoring its value as a
biodiversityfriendlylanduse system in both
temperate and  tropical  landscapes
(Bhagwat et al., 2008).

Microbial biodiversity in agroforestry
systems

Agroforestry systems support rich and
functionally diverse microbial
communities and offer a sustainable
alternative to intensive, chemically driven
agriculture that often degrades soil health
and biodiversity (Araujo et al., 2012). By
integrating trees with crops and or
livestock, agroforestry enhances soil
organic matter through continuous litter
input, root turnover and reduced
disturbance, which in turn increases
microbial biomass and activity (Kaur et
al., 2000). These systems conserve below
and aboveground microbial diversity in the
rhizosphere and phyllosphere, including
nitrogen-fixing bacteria, mycorrhizal fungi
and endophytes that regulate nutrient
cycling, improve soil structure and
strengthen ecosystem resilience
(Radhakrishnan and Varadharajan, 2016).
Agroforestry promotes diverse microbial
functional groups such as rhizobia,
actinorhizal Frankia, cyanobacteria, plant
growth-promoting  rhizobacteria  and
arbuscular and ectomycorrhizal fungi,
which collectively enhance biological
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nitrogen fixation, phosphorus uptake and
plant stress tolerance (Nygren et al., 2012;
Kumar and Adholeya, 2016). Tree species
composition,  system  design  and
management strongly influence microbial
community structure, with mixed-species
and organically managed agroforestry
systems consistently supporting higher
microbial diversity than monocultures
(Mungai et al., 2005; Bainard et al., 2011).
These microbial interactions improve soil
aggregation, water retention and nutrient
availability, thereby underpinning the
productivity, stability and longterm
sustainability of agroforestry systems and
reinforcing their role in biodiversity
conservation and climateresilient land use
(Zomer et al., 2009; Cardinael et al.,

2018).

Illustrative  examples and global
applications of agroforestry

Across climatic regions, agroforestry

demonstrates strong potential to conserve
biodiversity while sustaining livelihoods.
In the tropics, shade-grown coffee systems
in Central and South America support
diverse bird and insect communities by
maintaining favorable microclimates and
structural complexity (Buechley et al.,
2015), while India’s Kerala home gardens
conserve high plant genetic diversity
through multilayered tree crop
arrangements that also enhance soil
fertility and natural pest regulation. In
Africa’s Sahel, Faidherbiaalbida
parklands improve soil nutrients and crop
yields due to seasonal leaf shedding and
nitrogen fixation (Sileshi et al., 2020). In
temperate  regions, alley  cropping,
silvopasture and forest farming are widely
practiced, such as black walnut based
intercropping in the United States and oak
dominated dehesa systems in Spain and
Portugal, which  support livestock
production and rich habitats. Policy driven
initiatives further strengthen adoption,
including Costa Rica’s Payment for
Ecosystem Services program, Kenya’s

Green Belt Movement (Maathai, 2003),
agroforestry innovations in the Brazilian
Amazon and European Union support
under the Common Agricultural Policy,
collectively highlighting agroforestry as a
globally adaptable strategy for biodiversity
conservation and sustainable land use
(Malezieux, 2012; Place et al., 2016).
Challenges and limitations

Despite its proven ecological benefits,
agroforestry faces several constraints that
limit widespread adoption. High initial
establishment costs and delayed economic
returns  discourage smallholder and
resourcepoor farmers, particularly in the
absence of subsidies, credit access or
incentives. Insecure land tenure further
reduces willingness to invest in longterm
tree based systems, as unclear property
rights undermine future benefits (Garity,
2012). Cultural resistance, social norms
and limited trust in extension services also
slow  adoption,  especially  where
monocropping traditions dominate (Sanou
et al., 2019). Policy gaps and weak
institutional coordination between
agriculture and forestry sectors create
regulatory uncertainty, while the lack of
dedicated agroforestry policies restricts
technical and financial support (Rahman,
2017). Additionally, agroforestry requires
specialized knowledge for managing
complex tree crop livestock interactions,
yet extension and training systems remain
inadequate (Bonaudo et al., 2014). Climate
variability, degraded soils and increasing
pest and disease pressures further
complicate system performance,
demanding site specific research and
integrated management approaches (Castle
etal., 2022).

Future directions in agroforestry and
biodiversity research

Future agroforestry research increasingly

emphasizes climatesmart and
biodiversityoriented  approaches  that
enhance resilience, productivity and

ecosystem services under climate change.
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Climate smart agroforestry focuses on

drought tolerant  species  selection,
optimized tree-crop-livestock
combinations and  efficient  water

management to improve adaptation while
supporting carbon  sequestration and
mitigation goals (Dinesh, 2016). At the
same time, precision agroforestry using
tools such as remote sensing, GIS and
dronebased monitoring enables sitespecific
management of soil, vegetation health and
resource use efficiency.
Biodiversityfocused models, including
multistrata systems are gaining importance
for ecological restoration of degraded
landscapes and for supporting species
richness, soil fertility and microclimate
regulation (Sahoo et al., 2020). Scaling
these benefits requires stronger policy
integration; secure land tenure, financial
incentives and well-coordinated research
and extension systems aligned with global
frameworks such as the SDGs and the
Paris Agreement (Reid, 2017). Research
priorities include developing locally
adapted tree species, generating long-term
ecological and socio-economic evidence,
and exploring emerging opportunities such
as carbon markets and digital agroforestry
platforms  (Stewart et al., 2022).
Ultimately, effective multistakeholder
collaboration among farmers, extension
agencies, policymakers, private sector
actors and international organizations will
be central to advancing agroforestry as a
key strategy for biodiversity conservation
and sustainable development (Shiferaw et

al., 2011).
Conclusion
Agroforestry represents a robust and
sustainable approach to biodiversity

conservation and land management by
integrating trees with crops and livestock
to enhance habitat diversity, genetic
resources, species richness and essential
ecosystem services such as soil fertility
improvement, water regulation, carbon
sequestration and natural pest control.

Although adoption is constrained by
financial limitations, insecure land tenure,
policy gaps and technical knowledge
deficits, these challenges can be addressed
through targeted innovations, effective
extension and training, and supportive,
coherent policy frameworks. Emerging
climatesmart and precision agroforestry
practices, supported by continued research

and technological investment, further
strengthen  system  efficiency  and
scalability. Equally  important  is

coordinated engagement among farmers,
researchers, policymakers, NGOs and the
private sector to ensure knowledge sharing
and institutional support. In the face of
climate change, land degradation and food
insecurity, agroforestry offers a resilient
alternative to conventional agriculture,
contributing to sustainable livelihoods,
food security and longterm ecological
balance.
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TEO-ATT & G g FAraat d aqraary (R sreqa)

AEAY AT, 9 a9, Ry wrar’ v T arEare
‘i, aeasta vd aEtawer fAse T, 1 awies d frateemea, e, gxee
Zaereata T fare T, qE ameer wETeRer s, S 9T, SiaE
Sarfaehy T, i Wi w5 GrafEmmer, T, gxters

"Email: animeshshukla.forestry@gmail.com

JEITAAT:

et T THFAT Tal 7 AT g2 AgLHLT
T AGHAT, TTHIAH @I & g 3T
ST TEde H THE " ael| TaH
Ifaw ufigew & W dF egdrer o
JThide SETEAl ¢ TATH FaTd Icael
B 31 aedt w1 A, saee qiE,
FATA-TIU, AN HT Tt HeAT oY
gRa smEwer § Ay g Ter FHr A
TN | A THX T & TATET
T 31 smyfAe ergw s gy, am
TSI, Sta-TATaeaT 2T, aTaTTE-Earesy
Hohe TF Tqq [T & ST AR AT & 5
a9 I & (Tiwari et al., 2022)1 THT 625 &
gt T0g grar ¢ & i it a1 T
fAara fq 7, T Faa JEH-STIRT Jfaed
T FGAT ¢, Alod TATeAas Twamst &
T FgamaTt gEaew AT g1 yrEaw
ATRTEA o [T S qAaty g °
gt AT faehe a it srcda gaaefie
TAT STEIOIT qAT 24T B

T AHIT TN Al & Y gae ¥,
erg<r-art==ht (Urban Forestry) T# I,
TATET, SAIH Td JATHE qHTIT 6
T H I g1 MGLI-ATIAT T AT TheAT
HAETARTY, 98 T U it 9Rfdr §, Ot
ST, FEATHT, AT TIRTOT, SATETHT &=,
SUAAT, ATAH T - AT F FATLIT,
g AT o M| F "W, Sa-
fafarear gagw qor oriiRafas e ya=
T gegateaq wtar 7 g (Miller et al,
2015)| Fg ATATH Hael JLATII T SITHT
s, SE-fAEgar Bee, Fea-geae
FeT, FrETOE-TgEet Faem ug

J-EqTHa AT ( Geo-spatial Analysis)
STH E TS TgqaAl il Tehlghd FHed
FTAT Tg-TATHAT AT | TZL-aATI 0]
qTiRfRfas &7 7 IR Ja49 WIS 8
ST 39 uF Ao, = ud
EATEAFL® Mgl TATaL0 &l [HHIOT HTAT
2l

gedaradr & Jmih+ Rga @
EURGSIREIRES I

ELI-ATHT FH AT g ATHLAAT
(Urban Green Infrastructure) &1 TH
Ffar Ud AT qEF HIAT AT 8, S
Aty arfcRafadt 9= "arstt (Ecosystem
Services) & WHTEAHW H LA TATELONT
fRITaT 1 g3g AT g1 AT gIEHT &
srgdt-artaet ua fq: v gt g, e
[EEIGERIEIENREREEICEATIECEIRIE
aHfrad &7 ¥ siqiied & (Vogt et al.,
2016)| =TH TraET H ToAT UG g FHI
T Sfah T & B H qol, dfeh Th
STYH TH S gl I ash aa-si1er
% GhhT oeh o ® H GHAT 14T &, S0
ATIHESA, T, TA-G5, GEHsiia THEEN,
Hre-qierd TUT J9G A & 91 qadq
IREIE AT § "Hew @ar gl
TET 9RgeT #  9FEeiy |@qad
AT &9 | TIq:FFd 7 grhe Hartord
AEAT geaad, daaadT Adm, Iguor
JagT qAT ghea AW At gwiad
geRaTelt & AT grar g (Konijnendijk et
al., 2005)| =H d9TH® HEH H agd-
T T T AT JoITeAt o &9 §
T HAT g, ST ATHSHATT Toled, HEHIA
FEEAT, TA-Fh, T TqTed, Sa-fataear
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AT & THHT & F qEAELHd H
AUATHT TATAT T Hferd AT e
T Tarer | STt 7 rfrsfier aaTT )

T TOrET TS TEF ST
qEt-aTieht & qra g4, AT I[OTEAT
T H TF TATAT ST dFf & &9 § H1F
A gl Tt it foeqa aqg 3= (Leaf
Surface Area Index) T ¥eft=r foramefierar
(Stomatal Conductance) # ATEIH & o g&H
FU =T (PM2.5, PM10) T ATZ2re
AFATSS, TohY ST TS ST e+
SE HT YgUET A AT FL SE-
TEEE TRATs gRT FAtAT wRd §
(Parsa et al, 2019)| Ig wikar, &
StEsttad a7 fAeda Yot (Biogenic Air
Filtration System) FgT SITdT g, J&T TSI,
qU-Sh(d, SOfed %S| qaT "EHT
gfefRafaat o=@ AT wdt g1 asTee
TEAAT § qZ WO g g T = g1
Ao FAATERT TEHl ST agdt uhaed
T & |HIY, a1 YgU E\L Al
IeA@HIT T | 7 Fied § AT gl gl TH
TERTY, T8l g&T T qaer § Sifas a1
el o =T H HT HId g ATL-Y[ Tz
Ud OITEU( FETes YA § Hgea
TRTETH &9 H3d gl

II-HT T ( Urban Heat Island
Effect) ¥ FHT

aEdt o= H FEhle, THT UG dTfca®
HIAATAT GIXT HOAT & FAATEF AT
U T ffehRor o FTLor I q19-
AT T UF T AT TAGTT THET
gl FEAT TAT A &AL F7 &7, AT o]
AT TATT T A FLar g, Soaa e
ATIHTT H gl gt § ST Sori-amema
oftaer JorTterat o Aiwar agdt STt 2|
AT TH T9E T FH FA H
IS & & TATAT SHET ATt 8, T_f
FAT  #T  TIAET( Canopy  Cover),
STeraTeaTeESiA (- Evapotranspiration)  @=IT
qAgl FEAT-9LMEAd O & ATEAH
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gfeaeft aaE w1 FF8T gar g1 39
qf il g S & AT g aed®
TH AT ( Latent Heat) T ITIRT &
FTATALOT | SEHT AFLUT Fed 8, o
I a9 § Rerae ot € (Feng et
al., 2025)1 F&AT T T faa" qF & Toae
farfereor &1 ot Fqgl aF T ¥ UHAT e,
qRUMHE®T  §dg  dr99E U ST
fafeor & Y et g1 e a8 B
T TUIATAT JeT IoF g H ST qAT
g ==q & " e Sucsgar
qEATHT FT gL ol q&0ar ST geH-
ST HAAT T 38 A &, o T
gfeaer sudTERa ofiaa, SHeEEE uE
T T & Hford a9dT gl

AT FANTT TS AT A==

FeT THTLT TG 1 AT THRAT
& HTEAH | ATHSAT FHad STEaAlFarse
T AT T IH AT, TAT AT Ja&T
H T35 o ®9 § GUeId FLd gl 37 THhT
FT SRS FIAT-HSTROT ol JHHT
9T U A ST § T9TAT it wrEd
srarerroor (Urban Carbon Sink) &t fawior
Fd & (Bherwani et al., 2024)| sreaa=i &
g ear g & a8l g@ 9w av
@I AT § FHAT AF9NTOT Feel §
AT A 8, TAT I FeAT § Ig &9ar
A AT qE ST gl BATARd, AgL-
T ATIHSAT FTaT Figar w1 Ha=a
T AT TATT o TTAFe TATAT I FH
Tl § U Hgedqul AT AT a7 & &9
H 71T FAT g (Brandt et al., 2016)!
SERLIC PRI

T qRger ®  gqgd-ar«ddr,  S4-
fafagar @veor F1 UF "k aSTAE
HTEAR g, ST F&AT 3T g a1 *
HqTEAw H qrerdl, fadterdy, TeETerRare
TAT T SOl & o0 SULw Aame T
HETIT U FACAT gl AT M 9@y,
ST, Fle< T qU-Ha=AT At sfiar
o qew sraret &1 [T FAT 8, AT ar

¥ ©Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India



Van Sangyan (ISSN 2395 - 468X)

aglt Faes, WRfeafas FwAor e
(Ecotones) T Stfas el & 9 § 15
FIA T TSATIAAT o6 AR ST T
T TeHTIRd Fd 8 (Alvey, 2006)1 fareroa:
Taaelt 37 Tefaat &1 =3 T fFae
=T ( Layered Canopy Structure)
e &1 gaw serar g, Sew Gy
gTiefeafas Redl &1 70T grar g s
eft ®reEl qar 39 W M qfedt #F
Sufeata g3 BrdT gl TRUHEa=T, TT
Sg-fafagar # gfg wRFEafas @ &
TATEIAT & gt g, oo gl
gTiefeatadr At q@tawfT sramar &
wta srferss Tgashie, ffuw sie <r=eros
& | Fferd aedi gl

S T q&T: GG T G0

FeAT FT AT auT ST FT SAT&5 HT Tdal
FUATE T ATAT AT ATAT T FH FAT €,
e a1z FT WA Jedr § AT S &l
aT | @Hau & e s a9 wm
AT g, IRUTHEEET -5 [AHIOT wI
TreeTega werar g (Van et al., 2018)1 -
ATALOT AUT-ART T (ST SoofT T AL
T AT Fa1d Hl ST FdT g, STarh Jaqt
& TS J&T LT il BT TEHT AqLEA
&t gferarelt 1 FEta w81 9 2y,
I UF ST FTA S AAAT 6 TTHA
T gaT # FwraEE gard A ghg gl g,
SEEr IHehr AT, TA-4Te0r SHar T
StTash |haaT § 912 giar g (Ward et al.,
2021)| TH THTT AZT-ATHN, TA-TeT T
HT-HA & HHad qF gq UFH Tl
THTA-SATLTT THTETT & &9 § HT Hed
TU 9Tl TATEei i fouar &1 938 Fdr
2l
THTISTR-3MTTI AT TE HTHS S@Teey
AET-ATANT o FTHTSTH-SATAFR AT
WTHE T2 TF LT FedTol & Mgl o
2 U Bl 3T g &F AMHE ad1d §
FHI, qTOE QAT & gagd qar

qTHTSE AT 7 AT agarR
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T TR Fed 8, e anrant & a6y
e | YT grar & (Westphal, 2003)1
Ifas T AeIAT T Ag HqATOd
TR T g & g aiaer ergdt sHeeT
F AEE U arRE e ¥ o
afvar™d & (Williams et al., 2013)I
TTALOT HTAT o ATATTh, MGL-ATeehT
SS-ZEAT T FETH TAAT § ST @Id 1
FH Fdr g, Fored drewrers sufds oy
S HTa Ieid § FHHT YT gl gl arT
&, AT, g AaE<=AT Jaeg=T a7
gy qTRfRafaet wies S &= o ATea
H g TATHIT TSTTL-SI [ T gd FT
qaq Mg FHE & ATEISE ud S
32 ¥ srfers ragd aaTdt 2|
re-arfadt Y aaaT At

T srg-araet & TATaeeiy, qTaTrs
#T et o gRafkg € qorfr zow
IATAF Ud Afqwa ETeeEa # s
TEAATHS, THATRT F ATHTSE AT T
e €, Sive gartaa 3T 9T+ g
T FTETY H-3TANT Fre, it Fwm
FITE, HATE 3Usddr 9T HETAE
TgaTiar S8 Bfvs w9 w it
grar g (Jim et al., 2018)| = FAIQAT &7
TATAT T T |99 § oo M@l
e, arfiRafadf-aratia y&em,
TITa-FHTor ST SHagaTRar & gafead
TE Tehishd g2 & |1 AN (haT 1T
qF T STHTT TAT SATEAATHT TH
¥t &t § iy v Hifea suersar siw
TE TaEAATHE [EAEdTT g l-aTi=ehl &
TATAT oRAT=aa= & Y@ ATeTU Icqe e
g1 TH-STIRT TREa [gur & w1 g &
ST, ETH T U sf=nfrs e
& WO T &l A7 FaT @ af @l
gl 3 9 ATl T gRaer § Iy
HaT T T, GRETT STITRAre a9 ST
FFEAATe hr sufRufa, gt v -
e, feam-fawar, e e g &

gfddd &7 & TATaq wdt g (Carreiro,
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2008)| |TT FI, LA TIAT il TTIHAT
AT TSAT =999 | At Faai & Fewme
T FIOT F9AT 8, Forad gEreer fir A
gt gl ufomea:, W e\ Eiw
HIGTAATHE: AT TE-ATAT T
feovar % o us i FHdT & w1 §
AT 2

aqfera gE-ISTAAl &7 999 TAT T
LUERIEIR ISy

TIH &1, FTaarg e qrferfasr it
Syar wX FRelt sryem dm-Ewmefie
BRI 0 B bk B ot B T -
arERTTer TaTaet ot 1 0F v
FTEOT | Y SSTTirat € St fAfarer,
TIRIOT G T JaT-T19 LT Fl ITed
FLA o AT ST A TS TaTEeT Hehal
TN FLTAT IAT gl IS g8 F TSAT(d-
SYI<HAT =i ( Species  Suitability
Index) F AR 9T =AT AETAF 2,
fFoua: q9, s gy gar A
Tfafatest & FT T99, Aeq-arad, 9
TA-AT A ATAT TAT TATATAER HGThT
a7 37 pH & wfad 2rdt g, S ==
TS ITU SAFITT T HTHT FLAT gl THh
Jfaf=h, UFA-ISTA U AEET $w
AHITo TG T FHT @ AT+
e, A ST GTeATas ATl ® FF
Fdl g (Nagendra et al., 2011)1 sra:
STAATL-AA AT TAT ST qTRA AT 6
AqHA TSN FT AATAS 99 AZL-
AT sl TATFLAAT o (o7 STear g
YIS T8 Ug A=< a0« &7 5 ma
qEI-ATRT AT TATF AT e
Ao Yagd 9 =T widt g, e
wers, [f=Te, TRT ue die A= g Jaq
At St s afeafera gt 8
(Mincey et al., 2013)| fq a@® -
et § fFows aa dareE, gfofea
FARCHAT AT T2ATH =< e & a9
& FILOT Tg TGGT 32 & & AN gl al
qTAT| TROTTHETST gel FeAT T Ty
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TATIAT BrAT & AT o ¥t ATeaar
% FOT GrEASAE AT & o S
ITH FT Thd & (Chaudhry et al., 2011)1
T ATAE, Fs T § qUfeaq agd-
FTTERT STrere FTSTAT &7 ST TAT HEITTT
AT T FHT TgL-ATIART o TATAF U
qaq haTeaa & T offad arfaa Fwedt
£l

TATISME T QTHRTAS TgWTRar 6l FHt
ET-ATIAT Tgal il Therar, TS
TEITRIAT Ue T £q< 9¥ TTiica-are
9T 9T Fdft g1 AR § SIRTEhar &
AT TAT AT F THeH FAHTe AT
AT T TG o HTLOT GLEAT T I@ATA 6
TATH FHSM T2 974 & (Kuo, 2003)1 98-
ATHT F TG00 U ATHTSTF AT F
T ST q9H TAT THHE G
AT T 0T et €, e o
T AT FEAFHAT T TATFAAT TATET
2T 2l
qed-ariaet it TS UF qEA T
GE L LES

AT IS T, ITT AR
AT q3ge, el Hifawa &= & a9 &
qE-ATIHT ST U qae qAEeiiy
T H AN AEHT AT & A & oI
TATAT THIA-SeTRT THTE & &9 |
TITioq 21 Br & (Esperon et al., 2025)I
EICE R L R EEA R I E I R SR
TAHYT Tahefehl STTIRT TAT ATl
fafere Sa-wimfers faferedar &1 aqt=a
SUIRT  Tger-arT=ehl  #T  FHIAAHAT,
AAHATITAAT 3T TATAIAAT T 7% 9T
Y w Yl gl Femm i &
qTaSE, Fiae aATH® Wid F qaddien
TATAE F ergdr uThfRafady F wdaq,
AA I AT TAAT-HaaTefie fawm = o
STIF T AYAYE TATAATY giord =l g
FESEERES RIEIREEIT]

TS fam qur e wdiE-r=y
TEAl % AT gied "I, ATI-TICe
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FTEHRTT TH ZeaTeT IATH ST FLAATAT
& HTEAH F qEITq gl gig-ao faemtaa
FIA T SATTF TATAATY g1 R Teram,
SAF-ATITY, FOT SUST qIT Fearaw
gt sw aetaew g3t 7 g wfasw
STA-TahTet, sguor fer 3 arfi Feme
H T AR I 81 rgLr-arieshr &
SA-JHGT TOMAT % d1T Thiga Fe,
g afet, qa1-qe |2a &7 F IAH-a7
T HTEAW H US H3E g dAGEaAT
T T ST AT g (Pearlmutter et al.,
2017)1 = IURTHT 3T oA Frorast
H wgAaw ga oF, gq-99a a1 2d-
INTETHT ST STAETOMSN HT THTALT
ELT-ATAT F HAEH dqd d T
gt Sad-awaT i qord AqE9=4T +
& H TATIOT FTA T Ereahriors frgid aq
Tl gl

T T ST T&T

AT TR & FHIAMT o AL -
FTIhT T Te ATAF AT, TEH qqT
TATAT I T@T gl J-FATHE® FAAT Tl
(GIS), TITHAGT THAlH, SME-AETRT
A=A AT Sg-TadeT Iuug == &
HTEAH & AT JA-3TaLT, TSI - T e e,
oA a9, FET-HUET AT UF 3007
T ITa=l F7 fersaa i siae" g9 gal
gl NDVI, 9ui-&= T=ais (LAI), LiDAR
THIAT F  oTgdl SOHT AT STET
T fafeT Fer-waresy, saaT geatsd
Ud Yagd  grateEarest & g #
gl s{HaT ATt g (Staley, 2002)1
=A% AfAh, $2ede AE O (loT)
AT Faash JaT-48, ITIHE T II0F-
JeAl | Hefod aedias-aa7g  Ardrd
Arhg T F F=TE U9 WO gagq F:
THTeA-387 997d & (Li et al., 2017)1 =9
qEATRT T Tehishd STANT Ag-ATIAT |
ATET-ATETT (A, ANT-FA TS

E IR CEAIEE A RICEUIR I I I B 12
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FA Fr fTom ° U HeE ASTAF e
9 THRAT 2

et gwuemfat o sruTRa
griRafas e

el FA-ISTAIT T AT, qaT-
TN, He-TETT AT I G F AT
TAgfamed g o w10 agdt arfefeafasht
H aAfaw Rowar s sqgasfiear Jam
FAT gl TART FATAE w7 7 HEE
T Sta-fafarerdr F TRRrorRaT |t wi
HIE AT 8, WA A gl A oA v
aTicfRafas ardt w7 St SgmET g Sa-
STRITRERT 3T Io[A-f6a § g2 Sid &
HTEAT | A qAqaeei gRfefaat &
qIET AT ggaefia g qRfEafas &7
 ATART TSI FT F99 F HIGT FC
argdt TR fFafaes eI #i Avga Tia
T ST FRT g (Tyrvainen et al., 2005)!
T geme we Rt e

Wy Ud fAEm-ava AifaE a1 938
e sTaemt F greaw ¥ W Fewr,
9 AT s gy fererTer Tt g
FA-Fed & TATAT (Fa=0T, g &= &
T AT FA-FATE Nl FatHa ot
T 3¢ AT ST J%ar g (Nandi et al.,
2013)1 ergdt A wieranstt # g o=
F ACATT GLAATHS® Tk ® ®F H
aftaferd #T agf-arEar F gdq ud
gaTat AT & o uw o fifaea
AT T&T TohaT ST FohaT B
TS g HTRIAT UF SH-STRTEHaT
TELT-ATIRT T Qrerehliers  ToTaeferar
T GHEET 6l 90T AgeTRT,
EMHE- A ST Saearaa 9 A%
FLAT g1 AT TEATHI, AT HAF U
TS ERSAT 1 FEATLIOT, HLAT o
T T STTEHT AL -ATehT I Teh ATTH
AT ST T Ta&Y (<A ST 9hdT &
(Sievert, 1988)| S-STT&HAT % ATEAT H
ALt FeAT T ATL-S[FHLIT, FTEA-HST,
Sg-faferear degor, am-fFfaae g qme-
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TATET GG & qATH qeAhl h =T H
TATAT FEAT ATFTF g UHT FATIAF THA
e M U AW SO SEge o
ATIRH T8l o HTeTH § Mgl TAawuig
AT % G | FhT Ta qaq THET <
T gl

Aewed

ggiiweor Al T F T FAA ATHAF
gfeEafmEt & wraes Ao @i afataa
T g, afes arfifRafas @t & aga-
AHAT 9¥ AT oaYd 9 ST gl A
aETAaTa o, At tafatert i
TR, GH-START et § Ay oy
TAT T {q-SMLTRT ATl il FHT 7 T8t
T TATACO(T SAEHTAT 0l HHT-TET 9T AT
F=T FaT g1 |97 &Y, A sEa § g
&, FA-AELW, TTHfdH  GETEIAT h
AAIET e U arietas TfeEmt &
geor q gy MErtEEt F Sfaw-Ew,
e, HEHE qE-9ifd qoaT Adq-a1g
U T ST T STAT @1 S
T ogdr gREIfdAl T EeTERdT &l
YEifoha T @ T gl o [ &l hae
AT T ATHLAANT S o6 &9 § 7 6T
STU, Ffes arifefas fuawar, @reaiT
TUTTAT & T8 {ead &= § THAT 10|
Trel STt FAMAAT & Tad | TgL-aTieeht
T Hgd AATTF dg ATl g Fi*h I8
T aTR T /e &l a7 <@
& ATITAG V& HlA o ATT-A7T TAATY
qREdd o, Sa-fAteedr §3ev, wed
FAMIO, FeH-Sqarg fafFaq, -
F==ror, eafy wa arg wguer § & qr
AT ey 949 ¥ off s a9y sfiv
AT FHIEIE TEqd Hl gl
TITALONT | TATOd Hid df faem §
FUNEE UF IATHS ®F T JT OIS
gl eE-aTel, g e,
gifRafas  qEediaT AT "Jaq -
SYTRT SAHT ATLTIOMT ST it TG0

FAMAAr & Faed & o sq smaeas
ITHLU FAFT IWT ol 8, AT gy #
AFF-TATS U YHid & Hg-Afedd ol
qEATHT FT Tt g1 UH ghatdd 9ged
H orgdr-aTiasht F haed g SELor &l
TAEATIOT T T AT a1 g, Ao 78
argdt arifRafadr d= #r Jefas =7 F
TRIST HT IH TITELNT FTGTAN 6 T
afe gt F sqgeefia s &t
o & off gl FNEE <t gl e
T FATTST 7 qeaemT | argdi-artaent
F OHTRT FL Bl 80 K HEA-
FATE, T, TATET TF qAa<0iT

& | Fferd I=TaT ST T T gl
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AL TRET & TS JARAGL W Te7d11797 fef5rarar (Adansonia digitata Linn )
¥ UT T UATA9 & 99 X a0

JEd T
Faeata faamT, sre, ot f. S, wias, gy, IO Tee
Email Id: - yrbotany@gmail.com

R=a

TEFHIFAT [e1o2reT IS avstrara |t Fgl
STAT gl g UF A IS gl Saraterear
e I YR K FRT IO T H AT
TR, Qe awrEel,  ged ey,

Waﬁwﬁwm

veaiaar Rferr vfiw F & ==
TITET ® gLg AMUT haT 3T gl T8
STRTRT T J (HaTel g 3L TS &f gl
e U9, TSI F o0 | 36 J& 6l
TSAT 1 STt 8| T HSWITERT &1 ST &7
2| AT F TeT U9 T | T gad
Afgw G=AT gl TEHET FEEAdE ATH
mear=aT fRfSrerer (Adansonia digitata
Linn.) ST HT@a€T T & e T@ar gl
THH! ATAETE FT UL, Ieel UE, GIEM!
THAAT, T FHoadel & AT | S ST ST gl
TH UT T A1) TEATT T A AAAIGT FIA
T BT gl Tg AT | Heheded TSI 2l
24 FEET 2012 ®F fheqe, St H
TSHIAAT FT @1l 39 I T8 | FA qal
| TATHT AR 7 FqraT & =9 98 9 5
IET HIE § o gl 16 swrEq 2013 &
veaaar fferr & v @q F o
TTS | FTTEhT 7| AT AT FHLT T 97T
Tl 27 5 q= fears o 5 9 agwerat
e T AT SrEdr H oz g ar
QTS & ATH & SHd g 39 geF il ol
FT SATAT 5| T TATHIT ART I [ HTAT
#T oTEATT TH F&A *F A Fd gl 2017 H
TS YT FicSl ARAZE | M 25 T,
TeAHIAAT RfSErer U2 3@ | W

A Tol A 2024 TF FA Aol A
a7 913w 7 Reteeq

TeAHI=aT RBRERT W 9 e *
UFIAA THT FHl WHE FA & o gad
arg ft ff St woS, T qETE ATST,
TATAGY IAL TQLT TIAT T A0 & Tordr
Wlﬂﬁﬂ%hqﬁwmu 35 a9 AL T
TATSY AMSS § e 17 a9 g +
FSHITAT 9T F 2025 | T9H AL A@F o
feerd | Ranfe o6 1@t 2025 & 9o+
THTE § SRt g W AT T A= F qreer
& Al & H AT A T Tl g2 oA 4
F ot frer o =1 werar gu o e uE w
| 2@ 2012 7 2013 H HIS F ARSI
TAT | ST T TA A IH FiAST H a@T Hl
o T 3 S|t fres F =9 # Fd g
THHT FIT L T 6T qGHAT q9ed ford
TU 2T gl TESEHAT &l FeAt aTAT 6.8
T AT ATETs 6.0 € 6.3 FHT et o
TSRt AT 70 9TH 9| AT UF TG AT
ff| B & oo o TFaTe 32.0 ¥ e
#, T A TS 16.2 FHT RFE A, T
&t FreTe 19,19 fere &, feaaa =@
T TAFTE 4.2 T T % qaTs 10.2 FHY
Repte &t v &Y gear 390 fats fir 12
Tg Tedwee ® AT | Uq H | (@A
THT e GGISAT e & B ¥ e
ererdt 81 Bl § r=sr gorg ardt gl T
gorg T ¥ T 9% Tt g1 T @t
Tl 9% I HYHTEAT F g grar
e TR &St § g & 98
TS I=AT RTreTer & |l i BlewThr
FIAT it | STd T BIEUTHl HLAT
TeAHI=AT RiSerr & w9 o &
TFIAT THT Tradde A q12e 9T qg0
T, = 99T § AT Fer UEed 989y
HO qET ATI [ATS 2025 | TH U2 &1 3@

% ©Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India



Van Sangyan (ISSN 2395 - 468X)

+ o siemn, wewr weer M UE ¥ A
JS AT FTET F B o (A o6 THT o qTC
H ATLH AT Segie FaraT 9Ta: 04:00 | 07
T F FAGT F GGEAT FT AL A AT
T T 19:45 Tt B Ses, smr,
T 7 srgav 2025 ® =9 TE1 A AT
Al T B TG T TFLerd 909 T
18:55 & 19:45 Tehie foham wm |ty 1
T IGT ST THAT g1 3H THAT T JATE,
wred, faree oR aweay § o @
weTE § off Rt forar g1 oo s feer
T H {7 9 T 3@ Tohd gl T4 § el
¥ 5600 FAEIT, FAA FHEA T It
HETEd FT TART RERTHR § & @
T 18:55 &f  19:30 T &t 7 for |
g FT T Y Y Fzar g, et g2
qgiEal w1 diY X ey e R
FaT11 77 gade o7 T Fig. no. 3§14 7
Fig n0.15 & 26, 27 28 9 § <@ ¥ad ¢
qAAT § 0 g8 19:30 | 19:45 TF
AT 15 faqe § ahe 1 % 5 Yeed,
TS Y TTHAT =[d GaHe & a1 5 g€
T % HIoq F qTe Hadhad e & 15
e &1 78 397 aead | AFHES 97115
feq &1 qued & #1 YToH F qaHe
ST T ST IS & graT e T s,
T, FravaT o sreFgae ® o ot wferer
T AT TS, AT IALT T4 | AT
AT | Tl TN 9 @AT T | 15
I FAEA AT IO T F FA AT HT
T T 18:55 | 19:45 fawie faram rm)
a3 95 g g 97 S qIeH F Yo i H
qaHe Fah ST T I Fat o9l {3 10:00
q 13:00 a7 TF The W H AT T |
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afafda g A= 7 =7 S gi=e-T
H dfe A gU festa [+ 131 Fig. no. 30.
AT T AT 3T fad T T %8 | &l
TqhE T ATST 4T Fig. no. 31 T | A1
T StTaT 81 e Tvat 9rg # i faaaw
FTIEr T Tal g1 AT 98 & q1H 2l ol &
v veaEar Riserer @ w1 faa &1
AT Tl 9T 9HA 9TH 17:50 | 18:23,
18:27 @ 17:50 & 18:30 R=ie faraw
TTIETETT o ° vEHTAET U7 e
THT 45 50 " Zrar Stafs arfeer are
T agam T fr v g 730 9
40 fO9e" &1 graT gl TSHI=aT U8 980T

T=% ¢ T o 9gr 21 David Baum and
Tricia Handasyde (1990) stfe¢feraTs arsma

F BT AL ATSE i qAar § die-eiv
g §; | e &t SoRaT e 20 a7
30 e TF =l g, STath A, fony ¥ g
Fg ol ™Al # Fr oSTA@r gl Baum
A.D.(1995) &1 g& AT et Hiraw H faerd
g, FferAt WA grar g S o e
THIT 91F ST BT &, T el gl €,
FHT-FHAT STE § AT &; FA HT S5 ASHT
g grar ®, 15 ¥ 90 cm FaT Frav
SITFII JTh AT | § S gid gl
Goody (1993) ¥ AT ATAETS T &
= B gl v RBferr & 5
a7 U AT s 4T T ST Ffersy
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Fig. 1 a and b: Mature buds and flowers hanging from the branches of the Adansonia
digitata tree in 1. P.P.G. College, Bulandshahr. (Photo Dr. Yashwant Rai)
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Fig. 2: Uttar Pradesh Map presentlng Iocatlon of 2 survey sites of Adansonla
digitata Linn
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Figure 12. View of calyx and Figure 13. view of fan like Figure 14. view of upward
corolla structure of petals movements of the petals (19:45)

All Photos taken by Dr. Yashwant Rai
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Figure 24. View of fan like of calyx Figure 25. view of upward Figure 26. view of upward
movements of the petals movements of the petals (19:45)
All Photos taken by Dr. Yashwant Rai
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04.09.2025 18: 16

Figure 27 View of Adansonia digitata L. a and b flower 1 with pollinators Honey bees in 1. P. College P. G. College
Bulandshahr. Anthesis Time 18:16 to 18:23 (Rain day) Photo. Dr. Yashwant Rai

Figure 28. View of a and b Adansonia digitata flower 2 with pollinators Honey bees in I. P. College P. G. College
Bulandshahr. Anthesis Time 18:21 to 18:27 (Rain day) Photo Dr. Yashwant Rai
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Style (10.2 cm.)

Anthers

Staminal tube (4.5 em.)

Figure 29. View of structure of Adansonia digitata L Figure 30. View of Adan_sonia digitata L flower in noon.
flower. Photo Dr. Yashwant Rai Photo Dr. Yashwant Rai
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