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From the Editor’s desk 

 

Firm to forest: Where profit meets the planet captures a defining transition in contemporary economic 

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 volatility, 

biodiversity loss, and tightening regulatory and investor scrutiny, firms that internalize environmental 

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 climate risk, secure raw materials, enhance brand trust, and unlock green finance. This shift demands 

rigorous governance, credible science, and transparency to avoid greenwashing, yet the direction is unmistakable: enterprises 

that align capital with conservation are better positioned 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 above this issue of Van Sangyan contains an article on Firm to forest: 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, Pongamia pinnata (L.) Pierre: A tree of many uses, Bioprospecting: Creating value for biodiversity, 

Agroforestry and biodiversity conservation: Nurturing life above and below the ground, शहरी-वाननकी से पयाावरणीय  

संतुलन: चुनौनतयााँ एवं संभावनाएाँ (नवश्लेषणात्मक ऄध्ययन) , and सदी-खांसी से कैं सर तक: कुलंजन के चमत्कारी 

फायद.े 

Looking forward to meet you allthrough forthcoming issues 

Dr. Naseer Mohammad  

Chief Editor 
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Introduction 

 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
th

 century but in 21
st
 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 

In 
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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 

₹34908.75 crores. Maharashtra, Gujarat 

and Karnataka are the top 3 states with 

spending of about₹6065.95,₹2707.54 and 

₹2254.88 crores, respectively.HDFC Bank 

Limited leads CSR spending with ₹921.96 

crore, followed by Reliance Industries 

Limited at ₹899.07 crore and Tata 

Consultancy Services at ₹812.65 crore. 

ONGC (₹612.42 crore) and Tata Steel 

(₹572.74 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 ₹9087.41 

crores and Environment, Animal Welfare, 

Conservation of Resources with ₹3456.05 

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 

 ITC Limited has shown how corporate 

initiatives can turn barren lands into 

thriving ecosystems. Through its 

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 

is 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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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 

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 

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 

Fig.1: Synthetic seed structure 
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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, 

1985c). 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 lginate with a 

concentration f3% was used for 

encapsulation and subjected to 

combinations of 50 to 100m 

MCaCl2.2H2O, 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, 4.4µM), 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., 

2007b), 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 ofABA 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 to20 days. 

Advantages of synthetic seeds 

1. Itisfeasibletosowsynseeds 

directlyinex vitrosettings. 

2. Plant tissue culture is an optimal 
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method for the ongoing creation of 

syntheticseeds. 

3. Synthetic seeds are well-suited for 

distribution. 

4. Itis feasibleto storeitemsin acold 

environment. 

5. In contrast to natural seeds, 

artificial endosperm may be 

altered. 

6. Double-layer encapsulation might 

offer additional protection. 

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.

 

Trend of synthetic seeds in forestry 

Table1: 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 

Rao,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 large-scale 

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; Maroušek 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 beneficial 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.  

 

 
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). 

 
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 

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. 

 

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

 

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 used 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 

antioxidant properties, validating their 

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 
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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 (CH₄) 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 

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. 

 
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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Fig 2:Tree pruning Before (2a) and after teak (2b) 

 

 
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, 

weakening the tree structurally, reducing 

leaf size, and causing premature fruit drop. 

Pruning-induced injuries also disrupt 

natural branch growth patterns, often 

leading to excessive bunching at specific 

points.  

 
Fig 4: Cruelty to trees 

 
Fig 5: Impact of pruning/wounding in teak trees 
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Fig 6: Trees are crying due to wounding/pruning 
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Fig 7: Pruning of sandal wood and its effects 

 
Fig 8: Impact of pruning from death of sandalwood trees to loss of heartwood  
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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 ₹1 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: 

 We get benefits by pruning fruit 

crops (grown for food). 

 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? 

 To discover new natural resources 

and goods that humanity may 

utilize. 

 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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 Bioresources provide essential raw 

materials for meeting the demands 

of various industries like 

pharmaceutical, agricultural, 

cosmetic, food, and flavour 

industries. 

 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: Includes fungi, 

bacteria, and microorganisms with 

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? 

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 

 Living organisms are valuable 

sources of natural products with 

significant chemotherapeutic 

potential. 

 Tribal and folk remedies have 

effectively utilized these natural 

resources for centuries. 

 Scientific research and therapeutic 

validation of natural products are 

ongoing to confirm their efficacy. 

 Natural products often serve as 

essential starting points for 

developing improved medicinal 

compounds with enhanced 

properties. 

Phases of bioprospecting 

 
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.  

 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).  

 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). 

 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. 

 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 

derived from Alternaria cassiae to 

control Cassia obtusifolia 

infestations. 

 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.  

 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 unique metabolic 

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. 

 

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

and Industrial Advancements 

Plants as a source of drugs 

 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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 Plant secondary metabolites played 

an important role in alleviating 

several ailments in traditional 

medicines and folk uses. 

 Basis of many traditional medicine 

systems throughout the world for 

thousands of years. 

 Initially dispensed in form of crude 

drugs such as tinctures, teas, 

poultices and herbal formulations. 

 In modern medicine, they provided 

lead compounds for the production 

of medications. 

 Drug discovery from plants 

involves a multidisciplinary 

approach combining botanical, 

ethnobotanical, phytochemical, 

biological and biotechnological 

techniques.   

The classes of secondary plant 

metabolites include: 

 Polyphenols 

 Alkaloids 

 Terpenes 

 Saponins 

 Glycosides 

Screening of bioactive compounds 

It is done mainly by 3 methods. 

Random method 

It involves random collection of plants 

found in the given area of study. 

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 

 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 

 The second involvesthe 

rationalization of composite plant-

based remediesand manufacturing 

of herbal-based medicines that are 

already in use. These projects 

include standardization of 

medicines, toxicological studies 

and bioassay screenings.

 

Table 1: FDA approved plant drugs 

Drug Source Part Nature Use Trase name 

Atropine Atropa belladona Leaves Alkaloid Anti- chlolinergic Atropen 

Forkoslin Coleus forskohlii Roots Diterpene For treating obesity 
Colforsin, 

NKH477 

Tubocurarine 
Chondrodrendron 

tomentosum 
Bark Alkaloid Anaesthesia Curopan 

Reserpine 
Rauvolfia 

sepentina 
Roots Alkaloid Anti- hypertensive Serpasil 

Morphine 
Papaver 

somniferum 
Latex Alkaloid Analgesic Duramorph 

Digoxin 
Digitalis lanata, 

D. purpurea 
Leaves Glycoside Cardiotonic Digitek 
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Vincristine and 

Vinblastine 

Catharanthus 

roseus 

Aerial 

parts 
Alkaloid Anti- cancer Oncovin 

Qunine Cinchona spp. Bark Alkaloid Anti- malarial Quinstar 

Paclitaxel Taxus spp. 
Bark and 

leaves 
Alkaloid Anti- cancer Taxol 

Galantamine 

Galanthus nivalis, 

G. caucasicus, G. 

woronwii 

Bulbs 

and 

flowers 

Alkaloid Anti- Alzheimer Razadyne 

Rivastigmine 
Physostigma 

venenosum 
Fruit Alkaloid 

For treating 

dementia 
Exelon 

Pilocarpine 
Pilocarpus 

jaborandi 
Leaves Alkaloid 

For treating 

glaucoma 
Andre Carrpine 

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., Ascophyllum 

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 

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 (Hydrocarbon 

degradation) 

Example 

The Deepwater Horizon Oil Spill (2010, 

Gulf of Mexico) 

Bioprospected Organisms 

Alcanivorax borkumensis, Pseudomonas 

putida, Mycobacterium spp. 

Mechanism 

These bacteria break down hydrocarbons 

(oil components) using specific enzymes 

such as alkane monooxygenase. 

Application 

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, discovered in a 

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. 
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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 anti-inflammatory 

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)  

 Establishes sovereign rights over 

biological resources. 

 Emphasizes Access and Benefit-

Sharing (ABS) mechanisms. 

Nagoya Protocol (2010)  

 Provides guidelines for fair and 

equitable benefit-sharing from 

genetic resource utilization. 

 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. 

AI 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 AI, it unlocks novel bioactive 

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 

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 



Van Sangyan (ISSN 2395 - 468X)                Vol. 13, No. 1,           Issue: January 2026 
 

Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India 42 
 

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 

et al., 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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प्रस्तावना: 

बीसवीं व आक्कीसवीं सदी में अरंभ हुइ शहरीकरण 

की प्रदिया, प्राकृनतक अवरण के ह्रास और 

जलवायु पररवतान की प्रमुख घटक बनी। वतामान 

वैनश्वक पररदशृ्य में भी तीव्र शहरीकरण न े

प्राकृनतक संसाधनों पर ऄत्यनधक दबाव ईत्पन्न 

दकया ह।ै शहरों का नवस्तार, जनसंख्या वृनि, 

वाहन-प्रदषूण, ईद्योगों की बढ़ती संख्या और 

हररत अवरण में ननरंतर हो रही कमी न े

पयाावरणीय संतुलन को गंभीर रूप से प्रभानवत 

दकया ह।ै अधुननक शहर वैनश्वक तापवृनि, वायु 

प्रदषूण, जैव-नवनवधता क्षरण, सामानजक-स्वास््य 

संकट एवं सतत् नवकास स ेजुड़ी चुनौनतयों के कें द्र 

बन चुके हैं (Tiwari et al., 2022)। आसी संदभा में 

यह भी स्पष्ट होता ह ैदक शहरीकरण की प्रबल व 

ननतांत गनत न,े न केवल भूनम-ईपयोग प्रनतरूपों 

को बदला ह,ै बनकक पाररनस्थनतक प्रदियाओं में 

भी बहुअयामी हस्तक्षेप दकया ह।ै प्राकृनतक 

अच्छादन के नवनाश और पयाावरणीय नवकृनत न े

शहरी पाररनस्थनतकीय तंत्र को ऄत्यंत संवेदनशील 

तथा ऄसंतुनलत बना ददया ह।ै 

आन गंभीर पयाावरणीय ऄसंतुलनों के प्रत्युत्तर में, 

शहरी-वाननकी ( Urban Forestry) एक सशक्त, 

प्रभावी, व्यवहाररक एवं वैज्ञाननक समाधान के 

रूप में ईभरी ह।ै शहरी-वाननकी का अशय दकसी 

महानगर, शहर या ईपनगर की पररनध में, सड़कों, 

ईद्यानों, संस्थानों, भवन प्रांगणों, अवासीय क्षेत्रों, 

ईपवनों, ऄनवकनसत भू-भागों अदद में वृक्षारोपण, 

हररत संरचनाओं के ननमााण व संरक्षण, जैव-

नवनवधता संवधान तथा पाररनस्थनतक सेवा प्रदाय 

की सुव्यवनस्थत प्रदिया स े ह ै (Miller et al., 

2015)। यह अयाम केवल वृक्षारोपण तक सीनमत 

नहीं ह,ै ऄनपतु यह शहरी पाररनस्थनतकी, मौसम 

नवज्ञान, जैव-नवनवधता नवज्ञान, काबान-द्रव्यमान 

बजटटग, सामानजक-पयाावरणीय ननयोजन एवं 

भू-स्थाननक नवशे्लषण ( Geo-spatial Analysis) 

जैसे ऄनेक वैज्ञाननक पहलुओं को एकीकृत करन े

वाली बहु-नवषयी ऄवधारणा ह।ै शहरी-वाननकी 

पाररनस्थनतक रूप से पे्रररत प्रबंधन रणनीनत ह ै

नजसका ईद्दशे्य एक संतुनलत, स्थायी एवं 

स्वास््यवधाक शहरी पयाावरण का ननमााण करना 

ह।ै 

शहरी-वाननकी के वैज्ञाननक नसिांत एव ं

पाररनस्थनतकीय लाभ: 

शहरी-वाननकी को नगरीय हररत ऄवसंरचना 

(Urban Green Infrastructure) का एक 

ऄननवाया एवं अधारभूत घटक माना जाता ह,ै जो 

नवनवध पाररनस्थनतकी तंत्र सेवाओं ( Ecosystem 

Services) के माध्यम स े नगरीय पयाावरणीय 

नस्थरता को सुदढृ़ करती ह।ै वैज्ञाननक दनृष्टकोण स े

शहरी-वाननकी एक ऄंतःनवषयक ढााँचा ह,ै नजसमें 

जैनवकी, पाररनस्थनतकी, भू-नवज्ञान, मौसम 

नवज्ञान तथा सामानजक नवज्ञान के नवनवध अयाम 

समनन्वत रूप से ऄंतर्नननहत हैं (Vogt et al., 

2016)। आस पररपे्रक्ष्य में प्रत्येक शहरी वृक्ष को 

पृथक जैनवक आकाइ के रूप में नहीं, बनकक एक 

व्यापक एवं जरटल शहरी पाररनस्थनतक तंत्र-जाल 

के सदिय घटक के रूप में समझा जाता ह,ै जो 

वायुमंडल, मृदा, जल-तंत्र, सूक्ष्मजीव समुदायों, 

कीट-पनक्षयों तथा मानव समाज के साथ सतत ्

पारस्पररक ऄंतःदियाओं में संलग्न रहता ह।ै 

नगरीय पररदशृ्य में पयाावरणीय संतुलन 

स्वाभानवक रूप से स्वतःस्फूता न होकर ननयोनजत 

मानवीय हस्तक्षेप, ऄवसंरचना नवकास, प्रदषूण 

प्रबंधन तथा हररत ननयोजन की समनन्वत 

प्रदियाओं से ननर्नमत होता ह ै (Konijnendijk et 

al., 2005)। आस वैज्ञाननक संदभा में शहरी-

वाननकी एक प्रभावी ननयामक प्रणाली के रूप में 

काया करती ह,ै जो वायुमंडलीय संघटन, उष्मीय 

व्यवस्था, जल-चि, मृदा स्वास््य, जैव-नवनवधता 
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अदद को समेदकत रूप से पुनसंरनचत कर 

ऄपेक्षाकृत स्थायी एवं संतुनलत शहरी पयाावरण 

की ददशा में प्रणाली को गनतशील बनाती ह।ै 

वाय ुगुणवत्ता एवं प्रदषूक ऄवशोषण 

शहरी-वाननकी के ऄंतगात वृक्ष, वाय ु गुणवत्ता 

सुधार में एक प्रभावी जैनवक तंत्र के रूप में काया 

करते हैं। पनत्तयों की नवस्तृत सतह संरचना (Leaf 

Surface Area Index) एवं रंध्रीय दियाशीलता 

(Stomatal Conductance) के माध्यम से वे सूक्ष्म 

कणीय पदाथा (PM2.5, PM10) तथा नाआट्रोजन 

ऑक्साआड, सकफर डाआऑक्साआड और ओजोन 

जैसे गैसीय प्रदषूकों को ऄवशोनषत कर जैव-

रासायननक प्रदियाओं द्वारा नननष्िय करत े हैं 

(Parsa et al., 2019)। यह प्रदिया, नजस े

जैवजननत वाय ुननस्पंदन प्रणाली (Biogenic Air 

Filtration System) कहा जाता ह,ै वृक्ष प्रजानत, 

पणा-अकृनत, जीनवत द्रव्यमान तथा मौसमी 

पररनस्थनतयों पर ननभार करती ह।ै वैज्ञाननक 

ऄध्ययनों स े यह प्रमानणत हुअ ह ै दक घने वृक्ष 

अवरण नवशेषकर सड़कों और शहरी पररवहन 

गनलयारों के समीप, वायु प्रदषूण स्तर को 

ईकलेखनीय रूप से कम करने में सक्षम होते हैं। आस 

प्रकार, शहरी वृक्ष नगरीय पररवेश में जैनवक वायु 

शोधकों के रूप में काया करत ेहुए वाय-ुशुनिकरण 

एवं पयाावरणीय स्वास््य संरक्षण में महत्त्वपूणा 

योगदान प्रदान करते हैं।  

ताप-द्वीप प्रभाव ( Urban Heat Island 

Effect) में कमी 

शहरी क्षेत्रों में कंिीट, डामर एवं धानत्वक 

संरचनाओं द्वारा उष्मा के ऄत्यनधक ऄवशोषण 

एवं रानत्रकालीन नवदकरण के कारण ईत्पन्न ताप-

द्वीप प्रभाव एक प्रमुख नगरीय जलवायु समस्या 

ह।ै वृक्षों तथा हररत क्षेत्रों का क्षय, शहरी उष्मा-

द्वीप प्रभाव को तीव्र करता ह,ै नजससे स्थानीय 

तापमान में वृनि होती ह ै और उजाा-अधाररत 

शीतलन प्रणानलयों पर ननभारता बढ़ती जाती ह।ै 

शहरी-वाननकी आस प्रभाव को कम करन े में 

वैज्ञाननक रूप से प्रभावी भूनमका ननभाती ह,ै जहााँ 

वृक्षों की छत्रछाया ( Canopy Cover), 

जलवाष्पोत्सजान ( Evapotranspiration) तथा 

सतही उष्मा-परावतान गुणों के माध्यम स े

पररवेशीय तापमान का ननयमन होता ह।ै वृक्ष 

पनत्तयों द्वारा जल के वाष्पीकरण हतेु अवश्यक 

गुप्त उष्मा ( Latent Heat) का ईपयोग कर 

वातावरण से उष्मा ऄवशोनषत करत े हैं, नजसस े

स्थानीय तापमान में नगरावट अती ह ै (Feng et 

al., 2025)। वृक्षों का सघन नवतान सूया के प्रत्यक्ष 

नवदकरण को पक्की सतहों तक पहुाँचने से रोकता ह,ै 

पररणामस्वरूप सतह तापमान एवं उष्मा 

नवदकरण में कमी अती ह।ै नवशेषतः बड़ े नवतान 

वाल ेपणापाती वृक्ष ग्रीष्म ऊतु में छायांकन तथा 

शीत ऊतु में सौर नवदकरण की ईपलब्धता 

सुनननित कर शहरी उजाा दक्षता और सूक्ष्म-

जलवायु संतुलन को सुदढृ़ करत ेहैं, नजससे नगरीय 

पररवेश ऄपेक्षाकृत शीतल, अरामदायक एवं 

पयाावरणीय रूप से संतुनलत बनता ह।ै 

काबान ऄवशोषण एव ंजलवाय ुननयंत्रण 

वृक्ष प्रकाश संशे्लषण की जैव-रासायननक प्रदिया 

के माध्यम से वायुमंडलीय काबान डाआऑक्साआड 

को ऄवशोनषत कर ईसे लकड़ी, पनत्तयों तथा मृदा 

में जैव-द्रव्य के रूप में संग्रहीत करत ेहैं। आस प्रकार 

वृक्ष दीघाकानलक काबान-भंडारण की भूनमका 

ननभाते हुए नगरीय क्षेत्रों में प्रभावी शहरी काबान 

ऄवशोषण ( Urban Carbon Sink) का ननमााण 

करते हैं (Bherwani et al., 2024)। ऄध्ययनों स े

संकेत नमलता ह ै दक शहरी वृक्ष प्रनत वषा 

ईकलेखनीय मात्रा में काबान ऄवशोनषत करन े में 

सक्षम होते हैं, तथा पररपक्व वृक्षों में यह क्षमता 

और ऄनधक बढ़ जाती ह।ै फलस्वरूप, शहरी-

वाननकी वायुमंडलीय काबान सांद्रता को ननयंनत्रत 

कर जलवायु पररवतान के प्रनतकूल प्रभावों को कम 

करन ेमें एक महत्वपूणा प्राकृनतक शमन तंत्र के रूप 

में काया करती ह ै(Brandt et al., 2016)। 

जैव-नवनवधता संरक्षण 

नगरीय पररदशृ्य में शहरी-वाननकी, जैव-

नवनवधता संरक्षण का एक सशक्त वैज्ञाननक 

माध्यम ह,ै जो वृक्षों और हररत संरचनाओं के 

माध्यम से पनक्षयों, नततनलयों, परागणकतााओं 

तथा ऄन्य जीवों के नलए ईपयुक्त अवास और 

संसाधन ईपलब्ध कराती ह।ै वृक्षों की शाखाएाँ, 

छाल, कोटर और पणा-संरचना नवनभन्न जीवों के 

नलए सूक्ष्म अवासों का ननमााण करती हैं, साथ ही 
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शहरी वनक्षेत्र, पाररनस्थनतक संिमण क्षेत्रों 

(Ecotones) एवं जैनवक गनलयारों के रूप में काया 

करते हुए प्रजानतयों के अवागमन और स्थानयत्व 

को प्रोत्सानहत करत ेहैं (Alvey, 2006)। नवशेषतः 

स्वदशेी वृक्ष प्रजानतयों का चयन स्तरीय नवतान 

संरचना ( Layered Canopy Structure) के 

नवकास को सक्षम बनाता ह,ै नजससे नवनवध 

पाररनस्थनतक ननकेतों का समथान होता ह ै और 

दशेी कीटों तथा ईन पर ननभार पनक्षयों की 

ईपनस्थनत सुदढृ़ होती ह।ै पररणामस्वरूप, नगरीय 

जैव-नवनवधता में वृनि पाररनस्थनतक तंत्र की 

प्रत्यास्थता को बढ़ाती ह,ै नजससे शहरी 

पाररनस्थनतकी नवनभन्न पयाावरणीय अघातों के 

प्रनत ऄनधक सहनशील, नस्थर और दीघाकानलक 

रूप से संतुनलत बनती ह।ै 

जल एव ंमृदा: संविान व संरक्षण 

वृक्षों का नवतान वषाा जल को ऄवरुि कर सतही 

ऄपवाह की तीव्रता और मात्रा को कम करता ह,ै 

नजससे बाढ़ का जोनखम घटता ह ै तथा जल को 

मृदा में ऄंतःस्रवण के नलए ऄनधक समय प्राप्त 

होता ह,ै पररणामस्वरूप भू-जल पुनभारण को 

प्रोत्साहन नमलता ह ै (Van et al., 2018)। पणा-

अवरण वषाा-बूाँदों की गनतज उजाा को ऄवशोनषत 

कर मृदा कटाव को सीनमत करता ह,ै जबदक वृक्षों 

की जड़ें मृदा संरचना को नस्थर रखकर ऄपरदन 

की प्रदियाओं को ननयंनत्रत करती हैं। साथ ही, 

पनत्तयों एवं ऄन्य काबाननक ऄवशेषों के ऄपघटन 

स े मृदा में काबाननक पदाथा की वृनि होती ह,ै 

नजससे ईसकी सरंध्रता, जल-धारण क्षमता तथा 

जैनवक सदियता में सुधार होता ह ै(Ward et al., 

2021)। आस प्रकार शहरी-वाननकी, जल-प्रबंधन व 

मृदा-संरक्षण के समनन्वत तंत्र हतेु एक प्रभावी 

प्रकृनत-अधाररत समाधान के रूप में काया करत े

हुए शहरी पयाावरणीय नस्थरता को सुदढृ़ करती 

ह।ै 

सामानजक-अर्नथक अयाम एव ंमानव स्वास््य 

शहरी-वाननकी के सामानजक-अर्नथक अयाम 

मानव स्वास््य एवं शहरी ककयाण से गहराइ स े

जुड़ े हुए हैं। हररत खुले क्षेत्र माननसक तनाव में 

कमी, शारीररक गनतनवनधयों के संवधान तथा 

सामानजक ऄंतःदिया व सामुदानयक सहभानगता 

को प्रोत्सानहत करत ेहैं, नजससे नागररकों के समग्र 

स्वास््य में सुधार होता ह ै (Westphal, 2003)। 

वैनश्वक स्वास््य ऄध्ययनों द्वारा यह सत्यानपत 

दकया गया ह ैदक हररत पररवेश शहरी जनसंख्या 

के माननसक एवं शारीररक स्वास््य के नलए 

ऄननवाया ह ै (Williams et al., 2013)। 

पयाावरणीय संतुलन के ऄनतररक्त, शहरी-वाननकी 

उजाा-दक्षता को बढ़ाकर भवनों में उजाा खपत को 

कम करती ह,ै नजससे दीघाकानलक अर्नथक लाभ 

और काबान ईत्सजान में कमी प्राप्त होती ह।ै साथ 

ही, वृक्षारोपण, हररत ऄवसंरचना प्रबंधन तथा 

शहरी पाररनस्थनतकी पयाटन जैसे क्षेत्रों के माध्यम 

से यह स्थानीय रोजगार-सृजन को प्रोत्सानहत कर 

सतत् शहरी नवकास को सामानजक एवं अर्नथक 

दनृष्ट से ऄनधक व्यवहाया बनाती ह।ै 

शहरी-वाननकी की वतामान चुनौनतयााँ 

यद्यनप शहरी-वाननकी के पयाावरणीय, सामानजक 

और अर्नथक लाभ सुनवददत हैं, तथानप आसके 

वैज्ञाननक एवं नीनतगत दियान्वयन में ऄनेक 

संरचनात्मक, तकनीकी व सामानजक चुनौनतयााँ 

नवद्यमान हैं, नजन्हें संबोनधत करना अवश्यक ह।ै 

य ेबाधाएाँ भूनम-ईपयोग ननयोजन, शहरी नवकास 

दबाव, संसाधन ईपलब्धता तथा सामुदानयक 

सहभानगता जैस े नवनभन्न स्तरों पर पररलनक्षत 

होती हैं (Jim et al., 2018)। आन चुनौनतयों का 

प्रभावी समाधान तभी संभव ह ै जब शहरी 

ननयोजन, पाररनस्थनतकी-अधाररत प्रबंधन, 

नीनत-ननमााण और जनसहभानगता को समनन्वत 

एवं एकीकृत दनृष्टकोण के साथ लाग ूदकया जाए।  

भूनम का ऄभाव तथा ऄवसंरचनात्मक संघषा 

शहरी क्षेत्रों में भूनम की सीनमत ईपलब्धता और 

तीव्र ऄवसंरचनात्मक नवस्तार शहरी-वाननकी के 

प्रभावी दियान्वयन में प्रमुख बाधाएाँ ईत्पन्न करत े

हैं। भूनम-ईपयोग पररवतान नवशे्लषण से स्पष्ट ह ैदक 

व्यावसानयक, अवासीय एवं औद्योनगक नवस्तार 

के कारण हररत क्षेत्रों का ननरंतर संकुचन हो रहा 

ह।ै ईच्च घनत्व वाल ेनगरीय पररवेश में पारगम्य 

मृदा की कमी, भूनमगत ईपयोनगताओं तथा उपरी 

ऄवसंरचनाओं की ईपनस्थनत, वृक्षों की जड़-

नवकास, नवतान-नवस्तार, स्वास््य एवं अय ु को 

प्रनतकूल रूप से प्रभानवत करती ह ै (Carreiro, 
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2008)। साथ ही, रोपण स्थलों की ऄनुपयुक्तता 

ऄथवा प्रजानत चयन में त्रुरटयााँ वृक्षों के ननष्कासन 

का कारण बनती हैं, नजसस े संसाधनों की क्षनत 

होती ह।ै पररणामतः, भूनम ऄभाव और 

ऄवसंरचनात्मक संघषा शहरी-वाननकी की 

नस्थरता के नलए एक गंभीर चुनौती के रूप में 

ईभरते हैं। 

ऄनुनचत वृक्ष-प्रजानतयों का चयन तथा मृदा 

गुणवत्ता की समस्याएाँ 

स्थानीय मृदा, जलवायु और पाररनस्थनतकी की 

ईपेक्षा कर नवदशेी ऄथवा तीव्र-नवकासशील 

प्रजानतयों का रोपण शहरी-वाननकी में 

दीघाकानलक पयाावरणीय नवकृनतयों का एक प्रमुख 

कारण ह।ै ऐसी प्रजानतयााँ स्थानीय जैव नवनवधता, 

परागण तंत्र और मृदा-पोषक संरचना को बानधत 

करने के साथ जैनवक अिमण एवं स्वास््य संकटों 

को बढ़ावा दतेी हैं। वैज्ञाननक दनृष्ट से प्रजानत-

ईपयुक्तता सूचकांक ( Species Suitability 

Index) के अधार पर चयन अवश्यक ह,ै 

नवशेषतः तब, जब शहरी मृदा ननमााण 

गनतनवनधयों के कारण सघन, ऄकप-वानतत, कम 

जल-ऄंतःस्रवण वाली तथा रासायननक संदषूकों 

या ईच्च pH से प्रभानवत होती ह,ै जो जड़-नवकास 

एवं पोषक ऄवशोषण को सीनमत करती ह।ै आसके 

ऄनतररक्त, एकल-प्रजानत पर ननभारता और 

दीघाकानलक प्रबंधन की कमी शहरी वृक्षों के 

स्वास््य, अयु और पाररनस्थनतक लाभों को कम 

करती ह ै (Nagendra et al., 2011)। ऄतः 

जलवायु-लचीली तथा स्थानीय पाररनस्थनतकी के 

ऄनुकूल प्रजानतयों का वैज्ञाननक चयन शहरी-

वाननकी की प्रभावशीलता के नलए ऄननवाया ह।ै 

संस्थागत प्रबंधन एवं नवत्तीय समथान का ऄभाव 

शहरी-वाननकी की प्रभावशीलता रोपणोत्तर 

दीघाकानलक प्रबंधन पर ननभार करती ह,ै नजसमें 

छाँटाइ, ससचाइ, रोग एवं कीट ननयंत्रण तथा सतत ्

ननगरानी जैसी प्रदियाएाँ सनम्मनलत होती हैं 

(Mincey et al., 2013)। ककतु ऄनेक नगर-

ननकायों में नवशेषज्ञ मानव संसाधन, प्रनशनक्षत 

वनकर्नमयों तथा पयााप्त नवत्तीय अवंटन के ऄभाव 

के कारण यह प्रबंधन सुदढृ़ रूप स ेलाग ूनहीं हो 

पाता। पररणामस्वरूप शहरी वृक्षों का स्वास््य 

प्रभानवत होता ह ैऔर वे संरचनात्मक ऄनस्थरता 

के कारण सावाजननक सुरक्षा के नलए जोनखम 

ईत्पन्न कर सकते हैं (Chaudhry et al., 2011)। 

आसके ऄनतररक्त, कइ नगरों में समनन्वत शहरी-

वाननकी प्रबंधन योजना का ऄभाव तथा संस्थागत 

समन्वय की कमी शहरी-वाननकी के वैज्ञाननक एवं 

सतत ् दियान्वयन को और ऄनधक बानधत करती 

ह।ै 

सामानजक व सामुदानयक सहभानगता की कमी 

शहरी-वाननकी पहलों की सफलता, सामुदानयक 

सहभानगता एवं स्थानीय स्तर पर स्वानमत्व-बोध 

पर ननभार करती ह।ै नागररकों में जागरूकता के 

ऄभाव तथा वृक्षों को सामूनहक संसाधन मात्र 

मानने की प्रवृनत्त के कारण संरक्षण व दखेभाल के 

प्रयास कमजोर पड़ जाते हैं (Kuo, 2003)। शहरी-

वाननकी के पयाावरणीय एवं सामानजक लाभों के 

प्रनत ऄपयााप्त समझ तथा नकारात्मक धारणाएाँ 

जनभागीदारी को सीनमत करती हैं, नजससे रोपण 

व संरक्षण कायािमों की प्रभावशीलता प्रभानवत 

होती ह।ै 

शहरी-वाननकी की संभावनाएाँ एवं तकनीकी 

नवाचार 

अधुननक वैज्ञाननक ऄनुसंधान, ईन्नत प्रौद्योनगकी 

और सुदढृ़, दरूदशी नीनतगत ढााँचे के समन्वय से 

शहरी-वाननकी अज एक पारंपररक पयाावरणीय 

पहल से अगे बढ़कर भनवष्य के नगरों के नलए 

प्रभावी प्रकृनत-अधाररत समाधान के रूप में 

स्थानपत हो रही ह ै (Esperon et al., 2025)। 

वैनश्वक स्तर पर नवकनसत वैज्ञाननक प्रनतमान, 

नवोन्मेषी तकनीकी ऄनुप्रयोग तथा भारत की 

नवनशष्ट जैव-भौगोनलक नवनवधता का समुनचत 

ईपयोग शहरी-वाननकी की कायाक्षमता, 

ऄनुकूलनशीलता और प्रभावशीलता को नइ ददशा 

प्रदान कर रहा ह।ै नवद्यमान चुनौनतयों के 

बावजूद, ननरंतर वैज्ञाननक प्रगनत व तकनीकी 

नवाचारों ने शहरी पाररनस्थनतकी के सतत,् 

लचीले और जलवायु-संवेदनशील नवकास के नलए 

व्यापक व ऄभूतपूवा संभावनाएाँ सृनजत की हैं। 

हररत ऄवसंरचना का नवकास 

स्माटा-नसटी नमशन तथा ऄन्य राष्ट्रीय-राज्यीय 

पहलों के ऄंतगात हररत मागों, वाय-ुपररशोधन 
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वारटकाए ं एवं उध्वााधर ईद्यान जैसी संरचनाओं 

के माध्यम से सुसंगत शहरी हररत-तंत्र नवकनसत 

करने की व्यापक संभावनाएाँ हैं। हररत गनलयारे, 

जैव-नानलकाएाँ, नगरीय ईपवन तथा उध्वााधर 

हररयाली जैसे वैज्ञाननक दनृष्ट से नसि प्रनतरूप 

जल-ननकासी, प्रदषूण ननयंत्रण व तापीय ननयमन 

में प्रभावी योगदान दतेे हैं। शहरी-वाननकी को 

नगर ननयोजन, भूनम-ईपयोग, पररवहन और 

जल-प्रबंधन प्रणानलयों के साथ एकीकृत कर, 

हररत परियों, नदी-तट संरक्षण क्षेत्र व ईद्यान-तंत्र 

के माध्यम से एक सुदढृ़ हररत ऄवसंरचना 

स्थानपत की जा सकती ह ै (Pearlmutter et al., 

2017)। भवन ईपननयमों और नवकास योजनाओं 

में न्यूनतम हररत क्षेत्र, वृक्ष-घनत्व तथा छत-

बागवानी जैसी ऄवधारणाओं का समावेशन 

शहरी-वाननकी को सौंदयापरक तत्व से बढ़ाकर 

शहरी जीवन-समथान की मूलभूत ऄवसंरचना के 

रूप में स्थानपत करने का दीघाकानलक नसिांत बन 

सकता ह।ै 

तकनीक अधाररत प्रबंधन 

अधुननक प्रौद्योनगकी के समावेशन स े शहरी-

वाननकी का प्रबंधन ऄनधक वैज्ञाननक, सटीक तथा 

प्रभावी बन रहा ह।ै भ-ूस्थाननक सूचना प्रणाली 

(GIS), दरूसंवेदी तकनीक, ड्रोन-अधाररत 

माननचत्रण तथा ईच्च-नवभेदन ईपग्रह नचत्रों के 

माध्यम से शहरी वृक्ष-अवरण, प्रजानत-नवनवधता, 

नवतान घनत्व, काबान-संग्रहण क्षमता एवं उष्ण 

द्वीप प्रनतरूपों का नवश्वसनीय अकलन संभव हुअ 

ह।ै NDVI, पणा-क्षेत्र सूचकांक ( LAI), LiDAR 

स्कैसनग व शहरी उष्मा माननचत्रण जैसी 

वैज्ञाननक नवनधया ंवृक्ष-स्वास््य, अपदा मूकयांकन 

एवं प्रबंधन प्राथनमकताओं के ननधाारण में 

महत्वपूणा भूनमका ननभाती हैं (Staley, 2002)। 

आसके ऄनतररक्त, आंटरनेट ऑफ सथग्स ( IoT) 

अधाररत संवेदक मृदा-नमी, तापमान व पोषक-

तत्वों से संबंनधत वास्तनवक-समय अधाररत 

अाँकड़ े प्रदान कर ससचाइ एवं पोषण प्रबंधन को 

संसाधन-दक्ष बनात े हैं (Li et al., 2017)। आन 

तकनीकों का एकीकृत ईपयोग शहरी-वाननकी में 

साक्ष्य-अधाररत ननयोजन, लागत-कुशल प्रबंधन 

और दीघाकानलक पयाावरणीय लाभ सुनननित 

करने की ददशा में एक सशक्त वैज्ञाननक अधार 

बन सकता ह।ै 

स्वदशेी वृक्ष-प्रजानतयों पर अधाररत 

पाररनस्थनतक पुनरुत्थान 

स्वदशेी वृक्ष-प्रजानतयााँ स्थानीय जलवायु, मृदा-

गुणों, कीट-रोगों तथा परागण तंत्र के साथ 

सहनवकनसत होन ेके कारण शहरी पाररनस्थनतकी 

में ऄनधक नस्थरता और ऄनुकूलनशीलता प्रदान 

करती हैं। आनका वैज्ञाननक रूप से ननयोनजत 

रोपण जैव-नवनवधता व परागणकताा समुदायों को 

सुदढृ़ करता ह,ै साथ ही वृक्षों की अय ु एवं 

पाररनस्थनतक लाभों को भी बढ़ाता ह।ै जैव-

प्रौद्योनगकी और प्रजनन-नवज्ञान में हुइ प्रगनत के 

माध्यम से स्थानीय पयाावरणीय पररनस्थनतयों के 

ऄनुरूप ऄनधक सहनशील एवं पाररनस्थनतक रूप 

से लाभकारी प्रजानतयों का चयन व संवधान कर 

शहरी पाररनस्थनतक पुनरुत्थान की मजबूत नींव 

रखी जा सकती ह ै(Tyrväinen et al., 2005)। 

नीनतगत सुधार एव ंनवनधक सुरक्षा 

स्पष्ट एवं नवज्ञान-सम्मत नीनतयों तथा सुदढृ़ 

नवनधक प्रावधानों के माध्यम से नगर ननकायों, 

वन नवभागों और शहरी नवकास प्रानधकरणों द्वारा 

वृक्ष-कटान के प्रभावी ननयंत्रण, हररत क्षेत्रों के 

संरक्षण तथा वृक्ष-स्वास््य की ननयनमत ननगरानी 

को सुदढृ़ दकया जा सकता ह ै (Nandi et al., 

2013)। शहरी ननयोजन प्रदियाओं में हररत क्षेत्रों 

को ऄननवाया संरचनात्मक घटक के रूप में 

सनम्मनलत कर शहरी-वाननकी के सतत ् एवं 

प्रभावी दियान्वयन के नलए एक ठोस नीनतगत 

अधार प्रदान दकया जा सकता ह।ै 

सामुदानयक सहभानगता एव ंजन-जागरूकता 

शहरी-वाननकी की दीघाकानलक प्रभावशीलता 

स्थानीय समुदायों की सदिय सहभानगता, 

स्वानमत्व-बोध और ईत्तरदानयत्व पर ननभार 

करती ह।ै शैक्षनणक संस्थानों, अवासीय संघों एवं 

सामानजक संगठनों को वृक्षारोपण, संरक्षण व 

प्रबंधन से जोड़कर शहरी-वाननकी को एक व्यापक 

सामानजक अंदोलन का स्वरूप ददया जा सकता ह ै

(Sievert, 1988)। जन-जागरूकता के माध्यम स े

शहरी वृक्षों को वाय-ुशुनिकरण, काबान-भंडारण, 

जैव-नवनवधता संरक्षण, ताप-ननयमन एवं मानव-
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स्वास््य संवधान के वैज्ञाननक घटकों के रूप में 

स्थानपत करना अवश्यक ह।ै ऐसी वैज्ञाननक समझ 

नवकनसत होने पर नागररक ऄपने व्यवहार तथा 

सामूनहक पहलों के माध्यम से शहरी पयाावरणीय 

संतुलन के संरक्षण में सदिय एवं सतत् योगदान द े

सकते हैं। 

ननष्कषा 

शहरीकरण की गनत ने न केवल प्राकृनतक 

पररसंपनत्तयों के स्थाननक नवतरण को पररवर्नतत 

दकया ह,ै बनकक पाररनस्थनतक तंत्रों की वहन-

क्षमता पर भी ऄभूतपूवा दबाव डाला ह।ै तीव्र 

ऄवसंरचनागत नवकास, ननमााण गनतनवनधयों की 

बढ़ोत्तरी, भूनम-ईपयोग शैली में ननरंतर पररवतान 

तथा प्रकृनत-अधाररत सेवाओं की कमी ने शहरों 

को पयाावरणीय ऄसंतुलन की सीमा-रेखा पर ला 

खड़ा दकया ह।ै साथ ही, नगरीय ऄंचल में हररत 

क्षेत्र, वृक्ष-अवरण, प्राकृनतक संसाधनों के 

ऄननयंनत्रत दोहन एवं पाररनस्थनतक गनलयारों के 

क्षरण न े शहरी ननवानसयों के जीवन-स्तर, 

स्वास््य, माननसक सुख-शांनत तथा जल-वाय ु

गुणवत्ता पर दीघाकानलक प्रभाव डाला ह।ै अज 

की शहरी पररनस्थनतयााँ आस अवश्यकता को 

रेखांदकत करती हैं दक शहरों के नवकास को केवल 

अर्नथक व ऄवसंरचनागत प्रगनत के रूप में न दखेा 

जाए, बनकक पाररनस्थनतक नस्थरता, पयाावरणीय 

संतुलन, सामानजक न्याय और प्रकृनत-अधाररत 

समाधानों के समनन्वत ढााँचे में समझा जाए। 

आन्हीं जरटल चुनौनतयों के संदभा में शहरी-वाननकी 

का महत्व ऄत्यनधक बढ़ जाता ह ै क्योंदक यह 

नगरीय पाररनस्थनतकीय संतुलन को बनाए रखन े

के अधारसबद ुप्रदान करन ेके साथ-साथ जलवाय ु

पररवतान शमन, जैव-नवनवधता संरक्षण, काबान 

ऄवशोषण, सूक्ष्म-जलवायु नवननयमन, बाढ़-

ननयंत्रण, ध्वनन एवं वाय ु प्रदषूण में कमी तथा 

मानव स्वास््य संवधान में भी एक प्रभावी और 

वैज्ञाननक समाधान प्रस्तुत करती ह।ै यह 

पयाावरणीय संतुलन स्थानपत करन े की ददशा में 

ऄपररहाया एवं वैज्ञाननक रूप से मान्य रणनीनत 

ह।ै शहरी-वाननकी, हररत ऄवसंरचना, 

पाररनस्थनतक पुनस्थाापन तथा सतत ् भूनम-

ईपयोग जैसी ऄवधारणाएाँ अज की पयाावरणीय 

चुनौनतयों से ननपटने के नलए ऄत्यंत अवश्यक 

ईपकरण बनकर ईभर रही हैं, जो भनवष्य में 

मानव-समाज एवं प्रकृनत के सह-ऄनस्तत्व को 

सुनननित कर सकती हैं। ऐसे पररवर्नतत पररदशृ्य 

में शहरी-वाननकी न केवल हररत अवरण को 

पुनस्थाानपत करन ेका माध्यम बनती ह,ै ऄनपतु यह 

शहरी पाररनस्थनतकी तंत्र को वैज्ञाननक रूप स े

पुनगारठत कर ईसे पयाावरणीय व्यवधानों के प्रनत 

ऄनधक सहनशील व ऄनुकूलनशील बनाने की 

ददशा में भी महत्त्वपूणा योगदान दतेी ह।ै ऄतः 

नगरीय ननयोजन की मुख्यधारा में शहरी-वाननकी 

को समानहत कर ही शहरों को मानव-

ककयाणोन्मुख, स्वस्थ, प्रत्यास्थ एवं पयाावरणीय 

रूप से संतुनलत बनाया जा सकता ह।ै 
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ईत्तर प्रदेश के जनपद बुलंदशहर में एडनसोननया नडनजटाटा (Adansonia digitata Linn ) 

के पेड़ पर एंथेनसस के समय पर सवेक्षण 

 
यशवंत राय 

वनस्पनत नवभाग, अइ. पी. पी. जी. कॉलेज, बुलंदशहर, ईत्तर प्रदशे 
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पररचय  

एडनसोननया नडनजटाटा नजसे बाओबाब भी कहा 

जाता ह।ै यह एक यूननक पेड़ ह।ै जैवनवनवधता 

बोडा ईत्तर प्रदशे के द्वारा ईत्तर प्रदशे में झूसी 

प्रयागराज, दकन्तुर बाराबंकी, सुकतानपुर, 

हमीरपुर अदद स्थानों पर एडसंोननया 

एडसंोननया नडनजटाटा प्रतीक के कारण आन 

स्थानों को धरोहर घोनषत दकया गया ह।ै यह 

ऄफ्रीका का मूल ननवासी ह ै ईत्तर प्रदशे ही नही 

मध्य प्रदशे, राजस्थान व गुजरात मे आस वृक्ष की 

पूजा की जाती ह।ै यह मेडागास्कर का राष्ट्रीय वृक्ष 

ह।ै भारत के मध्य प्रदशे राज्य में आसकी सबस े

ऄनधक संख्या ह।ै आसका वानस्पनतक नाम 

एडनसोननया नडनजटाटा (Adansonia digitata 

Linn.) जो मालवेसी कुल से संबंध रखता ह।ै 

आसको बाओबाब का पेड़, ईकटा पेड़, खुरासानी 

आमली, व ककपवृक्ष के नाम से भी जाना जाता ह।ै 

आस पेड़ की बाह्य सरंचना व फूल  मनमोहक करन े

वाल ेहोत ेह।ै यह भारत मे संकटग्रस्त प्रजानत ह।ै 

24 नवंबर 2012 को दकन्तुर,  बाराबंकी में 

एडसंोननया को दखेा। आस पेड़ पर फूल फल नही 

थे। स्थानीय लोगों न ेबताया दक आस पेड़ पर फूल 

ऄगस्त माह में अते ह।ै 16 ऄगस्त 2013 को  

एडनसोननया नडनजटाटा के फूल दखेने के नलय े

मेरठ स ेबाराबंकी गया। सोनी का कैमरा मेरे साथ 

था। दो फूल मुझ ेददखाइ ददय ेनजन पर मधुमक्खी 

मंडरा रही थी। बाराबंकी में आस वृक्ष को 

पाररजात के नाम स े जानत ेह ैआस वृक्ष की पूजा 

की जाती ह।ै कुछ स्थानीय लोग ऄपने शुभ कायों 

की शरुअत आस वृक्ष के नीचे करत े ह।ै 2017 में 

अइ पी कॉलेज बुलंदशहर में लगभग 25 वषीय, 

एडनसोननया नडनजटाटा पेड़ दखेा। आस पर फूल 

फल नही थे 2024 तक  फूल नही थे। 

सवेक्षण साआट्स व ररजकट्स  

एडनसोननया नडनजटाटा पर फूल नखलने के 

एक्चुऄल समय को ररकॉडा करन े के नलये हमन े

अइ पी पी जी  कॉलेज, व  नुमाआश ग्राईंड, 

बुलंदशहर ईत्तर प्रदशे स्थलों को सवेक्षण के नलय े

चुना । अइ पी कॉलेज में लगभग 35 वषा अयु व 

नुमाआश ग्राईंड में लगभग 17 वषा अय ु के  

ऄडसंोननया पर वषा 2025 में प्रथम बार लेखक न े

नखलते फूल ररकॉडा दकये ।जुलाइ 2025 के प्रथम 

सप्ताह में सैंकड़ों हरे रंग की छोटी गेंद के साआज 

की कली वृक्ष से नीच ेकी और लटकी हुइ थी। 4 

फूल भी नखल ेथे। मुझे प्रश्नता हुए की नजस पेड़ के 

फूल दखेने 2012  व 2013 में मेरठ स ेबाराबंकी 

गया । अज ये फूल मुझ ेईस कॉलेज में दखेने को 

नमल रह े ह।ै जहााँ नशक्षक के रूप में कायारत हाँ। 

आसकी  कनलयााँ हरे रंग की मखमली सेपकस नलय े

हुए होती ह।ै एडसंोननया की कली लगभग 6.8 

सेमी लम्बी चौड़ाइ 6.0 से 6.3 सेमी ररकॉडा दकया 

नजसका वजन 70 ग्राम था। यह एक पररपक्व कली 

थी। फूल के डठंल दक लम्बाइ 32.0 सेमी ररकॉडा 

की, फूल की लम्बाइ 16.2 सेमी ररकॉडा की, फूल 

की चौड़ाइ 19.1सेमी ररकॉडा की, नस्टमनल ट्यूब 

की लम्बाइ 4.2 व स्टाआल के लम्बाइ 10.2 सेमी 

ररकॉडा की एथंरस की संख्या 390 ररकॉडा की गइ। 

यह आंटरेस्टेड काया था ।  रात में फूल नखलने के 

समय सफेद पंखुनड़यााँ कैनलक्स के नसरे से बाहर 

ननकलती हैं। फूलों में ऄच्छी खुशबू होती ह।ै यह 

खुशबू रानत्र स े ददन तक रहती ह।ै परागण दोनों 

स्थानों पर परागण मधुमनखयों के द्वारा होता 

ररकॉडा दकया। कॉलेज में अत े ही पहले 

एडनसोननया नडनजटाटा के फूलों की फोटोग्राफी 

करना कॉलेज से जाते हुए फोटोग्राफी करना 

एडनसोननया नडनजटाटा के फूल नखलने का 

एक्चुऄल समय आन्टरनेट गूगल साआट पर नही 

नमला, ररसचा पेपर में भी कही एक्चुऄल समय 

मेंशन नही था। जुलाइ 2025 में आस पेड़ को दखेन े
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के नलये ओरछा, मध्य प्रदशे गया। पेड़ के नीच े

बैठने वाल ेबाबा से फूल के नखलने के समय के बारे 

में मालूम दकया ईन्होंने बताया प्रातः 04:00 । पूणा 

रूप स े क्लैक्स से  पंखुनड़यों का बाहर अने का 

समय रानत्र 19:45  ररकॉडा दकया। जुलाइ, ऄगस्त, 

नसतम्बर व ऄक्टूबर 2025 में आन दोनों ऄध्ययन 

स्थलों पर फूल नखलन े का एक्चुऄल समय रानत्र 

18:55 से 19:45  ररकॉडा दकया गया। सारणी 1 

को दखेा जा सकता ह।ै आस पररदिया को जुलाइ, 

ऄगस्त, नसतम्बर और ऄक्टूबर में नलये गय े

फोटोग्राफ में भी ररकॉडा दकया ह।ै नजस ेअप दफग 

न से दफग न तक दखे सकत ेह।ै सवेक्षण में ननकॉन 

डी 5600 कैमरा, कैनन कैमरा व ररयलमी 

मोबाआल का प्रयोग फोटोग्राफी में दकया गया 

रानत्र 18:55 बज े  से 19:30 तक कली का रटप स े

खुलने का स्थान धीरे  धीरे बढ़ता ह,ै नलपटी हुइ 

पंखुनड़यों को  धीरे धीरे बाहर अत े ररकॉडा 

दकया।। यह मूवमेंट अप दफग Fig. no. 3 से14 व  

Fig no.15 स े 26, 27 व 28 व में दखे सकत ेह।ै 

सवेक्षण में  रानत्र समय 19:30 से 19:45 तक 

लगभग 15 नमनट में सफेद रंग के 5 पेटकस, 

स्टाआल और स्टानमनल ट्यूब मूवमेंट के साथ 5 हरे 

रंग के सेपकस स ेबाहर ननकलत ेररकॉडा दकये। 15 

नमनट का यह दशृ्य वास्तव में मनमोहक था।15 

नमनट्स का सेपकस के साथ पेटकस का मूवमेंट 

उपर की और तेजी से होता ररकॉडा दकया। जुलाइ, 

ऄगस्त, नसतम्बर और ऄक्टूबर में अइ पी कॉलेज 

व नुमाआश ग्राईंड, बुलंदशहर ईत्तर प्रदशे में चार 

महीनों में दोनों स्थानों पर लगभग रानत्र में 15 

बार सवेक्षण दकया। पूणा रूप से फूल नखलने का 

समय रानत्र 18:55 स े19:45 ररकॉडा दकया गया। 

यदद तेज धूप ह ैतो जो सेपकस व पेटकस रानत्र में 

मूवमेंट करके उपर गये थे वही ऄगले ददन 10:00 

स े 13:00 बजे तक सफेद रंग से ब्राईन रंग में 

पररवर्नतत होकर नीच ेकी और फैन जैसी सरंचना 

में लौट अत ेहुए ऑब्जवा दकय ेगये। Fig. no. 30. 

शाम तक या ऄगले ददन यह पूरी तरह फूल का 

सफेद रंग ब्राईन रंग Fig. no. 31 लेकर फूल नीच े

नगर जाता ह।ै लेदकन आन्ही माह में यदद ददनभर  

बाररश हो रही ह।ै या दोपहर स ेबाररस हो रही ह ै

तो एडनसोननया नडनजटाटा पर फूल नखलने का 

दोनों  स्थानों पर समय शाम 17:50 से 18:23, 

18:27 व  17:50 स े 18:30 ररकॉडा दकया 

गया।सामान्य ददनों में एडसंोननया पर ऄन्थेनस का 

समय 45 स े50 नमनटस होता जबदक बाररश वाल े

ददन यह सामान्य ददन की ऄपेक्षा पहले व 30 स े

40 नमनटस का होता ह।ै एडसंोननया पेड़ समय  

सूचक ह ै यह भी सही हैं। David Baum and 

Tricia Handasyde (1990) ऑस्टे्रनलयाइ बोअब 

के फूल दसूरे बोअब की तुलना में धीरे-धीरे 

नखलते हैं; फूल नखलने की प्रदिया लगभग 20 या 

30 नमनट तक चलती ह,ै जबदक A. fony में यह 

कुछ ही नमनटों में हो जाता ह।ै Baum 

A.D.(1995) फूल सूख ेया गीले मौसम में नखलत े

हैं; कनलयााँ गोल होती हैं नजनका उपरी नसरा 

नुकीला शंकु जैसा होता ह,ै ये ऄकेली होती हैं, 

कभी-कभी जोड़ ेमें होती हैं; फूल का डठंल लटका 

हुअ होता ह,ै 15 से 90 cm लंबा होता 

ह।ैटेम्पोरल माका र बाओबाब फूल से जुड़ ेहोत ेहैं। 

Goody (1993) टेम्पोरल माका र बाओबाब फूल स े

जुड़ े होत े हैं। एडनसोननया नडनजटाटा के फूल 

नखलने का एक्चुऄल समय अइ पी पी जी कॉलेज 

व नुमाआश ग्राआंड बुलंदशहर जनपद ईतर प्रदशे 

राज्य में ररकॉडा हुअ यह एक्चुऄल समय भारत के 

ऄन्य राज्यों को महत्वपूणा जानकारी दगेा यदद 

समय मे ऄंतर होता ह ैती नये शोध की एक ददशा 

नमलेगी। 
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सारणी  - 1: एडनसोननया नडनजटाटा (Adansonia digitata L.) पर बाररस के ददन व सामान्य ददन में 

एंथेनसस का ररकॉडा दकया गया वास्तनवक समय 

 

सवेक्षण साआट्स  सवेक्षण नतनथ, माह व वषा   पंखुनड़यों का 

क्लैक्स स े मूवमेंट 

कर बाहर अकर 

पंख े जैसी सरंचना 

में अन ेका  समय 

 पंखुनड़यों का कैलेक्स के 

साथ उपर की ओर मूवमेंट 

करन ेका  समय 

अइ पी पी जी कॉलेज 

प्रथम कैम्पस 

बुलंदशहर 

28 जुलाइ 2025 18:55 -19:30 19:45   

नुमाआश ग्राईंड, 

बुलंदशहर 

29 जुलाइ 2025 18:55 -19:30 19:45    

नुमाआश ग्राईंड, 

बुलंदशहर 

25 ऄगस्त 2025     18:55 -19:30 19:45    

अइ पी पी जी कॉलेज 

प्रथम कैम्पस 

बुलंदशहर 

30 ऄगस्त 2025     18:55 -19:30 19:45    

 अइ पी पी जी 

कॉलेज प्रथम कैम्पस 

बुलंदशहर 

2 नसतंबर 2025 18:55 -19:30 19:45    

 नुमाआश ग्राईंड, 

बुलंदशहर 

29  नसतंबर 2025 18:55 -19:30 19:45     

नुमाआश ग्राईंड, 

बुलंदशहर 

6 ऄक्टूबर 2025 18:55 -19:30 19:45     

अइ पी पी जी कॉलेज 

प्रथम कैम्पस 

बुलंदशहर 

1 ऄक्टूबर 2025 18:55 -19:30 19:45     

 अइ पी पी जी 

कॉलेज प्रथम कैम्पस 

बुलंदशहर 

4 नसतम्बर 2025(बाररस का 

ददन) 

17:50 18:23,  18:27    

 नुमाआश ग्राईंड, 

बुलंदशहर 

17 नसतम्बर 2025(बाररस का 

ददन) 

17:50 18:30   
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Fig. 1 a and b: Mature buds and flowers  hanging from the branches of the Adansonia 

digitata tree in I. P.P.G. College, Bulandshahr. (Photo Dr. Yashwant Rai)                                                          

 

Fig. 2: Uttar Pradesh Map presenting location of 2 survey sites of Adansonia 

digitata Linn 
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Fig. 3 View mature bud (18:55) Fig.4. View of open tip 

Fig .7.  View of open tip Fig. 6.  View of open tip 

Fig. 9. View of calyx (sepals) 

 

Fig. 10.  View of calyx  and corolla 

 

 

Fig. 11. View of calyx  and corolla 

 

Fig .8. View of calyx (19:30) 

Fig.5. View of open tip  

Figure 12. View of calyx  and 

corolla 

Figure 13. view of fan like 

structure of petals 

Figure 14. view of upward 

movements of the petals (19:45) 

All Photos taken by  Dr. Yashwant Rai 
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Fig. 15. View mature bud (18:55) Fig. 16. View of calyx  movements 

 

Fig. 18. View of calyx  and corolla Fig.19. View of calyx  and corolla 

Fig. 17. View of calyx  movements 

 

Fig.20. View of calyx  and corolla 

Fig.23.View of calyx  and corolla Fig.22. View of calyx  and corolla Fig.21. View of calyx  and corolla  

 

   All Photos taken by  Dr. Yashwant Rai 

 

Figure  24. View of fan like of calyx  Figure  25. view of upward 

movements of the petals 

 

Figure  26. view of upward 

movements of the petals (19:45)  
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Figure 27 View  of Adansonia  digitata L. a and b  flower 1 with pollinators Honey bees in  I. 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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Figure  29. View of structure of Adansonia digitata L 

flower. Photo Dr. Yashwant Rai 

Figure 30. View of Adansonia digitata L flower in noon. 

Photo Dr. Yashwant Rai 

Figure 31.View of Adansonia digitata L. dry flower Photo Dr. Yashwant Rai 
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सदी-खांसी स ेकैं सर तक: कुलंजन के चमत्कारी फायद े

 

ऄंकुर ज्योनत शैकीया  

वन संवधान एव ंवन प्रबंधन प्रभाग 

भा.वा.ऄ.नश.प. - वषाा वन ऄनुसंधान संस्थान, जोरहाट, ऄसम (भारत) 

इमेल: saikiaaj@icfre.org 

 

क्या ह ैकुलंजन की खानसयत? 

ऄदरक और हकदी तो हर भारतीय घर की 

पहचान हैं, लेदकन क्या अप आनके 'चचेरे भाइ' 

कुलंजन (Galangal) के बारे में जानत े हैं? 

दनक्षण भारतीय व्यंजनों में 'नचत्तरत्ता' और ईत्तर 

भारत में 'कुलंजन' के नाम स े मशहर यह जड़ 

केवल एक मसाला नहीं, बनकक अधुननक नवज्ञान 

की नजर में एक 'सुपरफूड' ह।ै हानलया शोध यह 

बतात े हैं दक यह पौधा औषधीय गुणों का 

पावरहाईस ह।ै ददखने में यह ऄदरक जैसा लगता 

ह,ै लेदकन आसका स्वाद थोड़ा तीखा और खुशब ू

चीड़ जैसी होती ह।ै वैज्ञाननकों न े पाया ह ै दक 

आसमें गैलंनगन (Galangin) नाम का एक खास 

तत्व होता ह,ै जो शरीर में एटंीऑक्सीडेंट की 

तरह काम करता ह।ै 

ऄध्ययनों के ऄनुसार आसके प्रमुख लाभ हैं :- 

फेफड़ों के नलए वरदान 

भारतीय पारंपररक नचदकत्सा में आसका ईपयोग 

फेफड़ों की सूजन और बलगम को ठीक करन े के 

नलए दकया जाता ह।ै यह सांस की नली को साफ 

करन ेमें मदद करता ह।ै 

पाचन में सहायक 

यह पेट की गैस को दरू करता ह ैऔर पाचन तंत्र 

को मजबूती दतेा ह।ै 

ददा ननवारक 

आसमें जोड़ों के ददा और सूजन को कम करन े के 

गुण होता हैं। 

कुलंजन का रासायननक ढांचा 

ऄगर हम आसकी पौनष्टकता पर नजर डालें, तो 

आसमें शरीर के नलए जरूरी खननज जैस ेसोनडयम, 

पोटैनशयम और मैग्नीनशयम प्रचुर मात्रा में पाए 

जात ेहैं। 

तानलका 1: कंुजन (Alpinia officinarum) का 

पोषण नवशे्लषण (प्रनत 100 ग्राम) 

पोषक तत्व मात्रा (लगभग) 

नमी (Moisture) 10.5% 

राख (Ash content) 4.8% 

कच्चा फाआबर (Crude Fiber) 14.2% 

काबोहाआड्रेट 70.3% 

प्रोटीन 4.2% 

उजाा (Energy) 335.5 Kcal 

क्या यह कैं सर स ेलड़ सकता ह?ै 

शोध पत्रों में सबस ेचौंकान ेवाली बात यह सामन े

अइ ह ै दक कुलंजन के ऄका  में कैं सर कोनशकाओं 

(नवशेषकर स्तन और फेफड़ों के कैं सर) के नवकास 

को रोकन ेकी क्षमता दखेी गइ ह।ै यह शरीर में 

खराब कोनशकाओं को खुद-ब-खुद खत्म करन ेकी 

प्रदिया (Apoptosis) को सदिय करता ह।ै आसके 

ऄलावा, यह E. coli जैस ेहाननकारक बैक्टीररया 

से लड़ने में भी सक्षम ह।ै 

तानलका 2: मुख्य यौनगक और ईनके फायद े

यौनगक 

(Compound) 

मुख्य लाभ 

गैलंनगन एटंीऑक्सीडेंट, ट्यूमर-रोधी 

1, 8-नसनेओल सांस की बीमाररयों में राहत 

के्वरसेरटन हृदय स्वास््य और 

आम्युननटी 

केम्पफेराआड मनस्तष्क की कोनशकाओं की 

सुरक्षा 
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ईपयोग कैस ेकरें? 

सदी-खांसी के नलए 

आसकी जड़ का एक छोटा टुकड़ा पानी में 

ईबालकर चाय की तरह नपएं या आसे शहद के 

साथ नमलाकर लें। 

गल ेकी खराश 

कुलंजन के टुकड़ ेको मंुह में रखकर चूसन ेसे गले 

के संिमण में तुरंत अराम नमलता ह।ै 

भारतीय बाजारों में यह ऄक्सर सूखी जड़ के रूप 

में नमलता ह।ै सावधानी: हालांदक यह प्राकृनतक 

ह,ै लेदकन आसका सीनमत मात्रा में ही ईपयोग 

करना चानहए। गंभीर बीमारी की नस्थनत में आसे 

दवा के नवककप के बजाय पूरक के रूप में दखेें 

और डॉक्टर की सलाह जरूर लें। 

ननष्कषा 

कुलंजन हमारी प्राचीन नवरासत का नहस्सा ह।ै 

अधुननक नवज्ञान ऄब केवल ईन दावों की पुनष्ट 

कर रहा ह ै जो हमारे अयुवेद में सददयों पहल े

नलख े गए थे। ऄपनी सेहत को बेहतर बनाने के 

नलए आस 'सुनहरी जड़' को दफर से ऄपनाने का 

समय अ गया ह।ै 
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