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Abstract

Tree Borne Oilseeds (TBOs) integrated within agroforestry systems offer a sustainable solution to the growing challenges of
environmental degradation, climate change, energy insecurity, and declining agricultural productivity. Species such as Pongamia
pinnata (Karanj), Azadirachta indica (Neem), Madhuca longifolia (Mahua), and Jatropha curcas possess significant ecological and
economic potential due to their adaptability to marginal lands, high oil content, and multipurpose utility. This review examines the
ecological, economic, and socio-economic contributions of TBOs in agroforestry frameworks. Ecologically, these species enhance
carbon sequestration, improve soil fertility through nutrient recycling and biological nitrogen fixation, reduce soil erosion, and
support wasteland reclamation. Their deep-rooted systems optimize resource utilization and improve microclimatic conditions for
intercrops. Economically, TBOs serve as promising feedstocks for biodiesel production and provide multiple value-added products,
including biofertilizers, biopesticides, pharmaceuticals, soaps, and industrial lubricants. Agroforestry systems incorporating
TBOs also enhance long-term farm profitability through diversified income sources. Socially, they contribute to rural employment
generation, livelihood security, and decentralized energy production, particularly benefiting marginalized and forest-dependent
communities. Despite these advantages, large-scale adoption remains constrained by limited availability of improved planting
material, long juvenile periods, weak market infrastructure, and post-harvest management challenges. The study emphasizes the
need for precision silviculture, organized value chains, policy incentives, and research support to enhance TBO cultivation and
commercialization. Overall, integrating TBOs into agroforestry systems represents a viable pathway toward ecological restoration,

sustainable bioenergy production, and resilient rural development.
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Introduction

Incorporating trees into farming landscapes, agroforestry
systems have established a proven track record of enhancing
livelihood security and buffering against environmental changes.
Facing a growing global population alongside shrinking arable

land, the inclusion of Tree Borne Oilseeds (TBOs), such as Pongamia

pinnata (Karanj), Azadirachta indica (Neem), Madhuca longifolia
(Mahua), and Jatropha curcas presents a vital opportunity for
both economic strengthening and ecological repair. These specific
oilseed-bearing trees hold substantial promise for closing the

supply-demand gap for industrial materials, biofuels, and vegetable
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oils. This comprehensive review analyses the diverse contributions
of TBOs within agroforestry structures, evaluating their ecological
advantages, financial viability, socio-economic outcomes, and the

systemic barriers that limit their broader implementation.

Ecological and environmental importance

The fundamental goal of soil conservation and reforestation
is the preservation and revival of soil fertility, an objective that
agroforestry successfully meets by serving as a sustainable
approach to land management. Within this framework of
environmental restoration, Tree Borne Oilseeds (TBOs) serve a

vital function in driving remediation efforts.

Carbon sequestration and climate mitigation

Addressing anthropogenic greenhouse gas emissions remains a
critical global challenge, and incorporating TBOs into agroforestry
frameworks offers a powerful solution by serving as major
carbon sinks. For instance, species such as Pongamia pinnata
exhibit remarkable carbon sequestration capabilities, absorbing
atmospheric carbon dioxide and storing it within both their deep
root networks and above-ground biomass. Replacing low-biomass
landscapes, like exhausted fallow lands or degraded grasslands,
with TBO cultivation significantly boosts carbon storage capacity.
Additionally, processing the oil from these trees into biofuel
helps delay the extraction and combustion of fossil fuels, thereby

fostering a closed-loop carbon cycle.

Healing soil and restoring wastelands

Due to their unique physiological adaptations, TBOs are capable
of flourishing in adverse soil and weather conditions. Their
capacity to grow on degraded, contaminated, or marginal soils
ensures they do not compete with traditional food crops for high-
quality agricultural land. A prime example is Pongamia pinnata,
which exhibits a high tolerance for salinity, allowing it to survive in
soils with electrical conductivity thresholds that would easily kill

conventional crops.
Beyond simply surviving, these trees actively remediate the soil:

e  Nutrient Pumping: Functioning as natural nutrient pumps,
trees utilize their deep taproot systems to draw vital
nutrients from lower soil profiles, subsequently depositing

them onto the topsoil via decomposed leaf litter.

32
e Nitrogen Fixation: Through symbiotic associations with
root-nodule bacteria, leguminous TBOs like Pongamia
pinnata are capable of fixing atmospheric nitrogen. This
biological fertilization process minimizes the dependency
on chemical nitrogen inputs, thereby lowering production
costs for farmers and mitigating the risk of nitrate leaching

into nearby aquatic ecosystems.

e Erosion Control: The extensive lateral root networks of
TBOs bind the soil, drastically reducing runoff and soil loss

during heavy rainfall.

Optimizing resource utilization and efficiency

Strategic species selection based on complementary resource
requirements can minimize competitive interactions between trees
and understory crops within agroforestry frameworks. Because
many TBOs develop deep taproot systems, they access distinct
soil strata, avoiding direct competition with the shallower root
systems of standard agricultural crops. This spatial differentiation
optimizes the consumption of moisture and nutrients, ultimately
boosting cumulative biomass productivity. Additionally, the tree
canopy refines the localized microclimate by stabilizing ambient
temperatures and dampening wind speeds, conditions that actively

support the productivity of understory crops.

Economic benefits and biofuel capabilities

The financial incentive for producing TBOs stems principally
from the escalating global market for vegetable oils and green
energy alternatives. Because traditional edible oils are increasingly
reserved for human dietary needs, non-edible TBO variants
present a highly suitable raw material for industrial manufacturing

and biofuel production.

Biodiesel production

Many TBO varieties produce seeds with high oil content; for
example, Pongamia pinnata seeds contain roughly 40% oil, which
can be successfully processed into biodiesel via transesterification.
The resulting tree-based biodiesel is biodegradable, non-toxic, and
offers a much cleaner burn than conventional petroleum diesel.
Integrating these biofuels into standard fuel blends substantially
lowers emissions of carbon monoxide, unburnt hydrocarbons, and

particulate matter, while entirely eliminating sulfur dioxide output.
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Multi-product value chains

TBOs offer economic benefits that go far beyond oil yields. The
byproducts left over after oil extraction are valuable, marketable

goods in their own right:

e Seed Cake: The protein-rich residue left after pressing
out the oil holds significant value. Once any harmful anti-
nutritional compounds are removed, it can be used as high-
grade animal feed, a strong organic bio-fertilizer, or a raw

material for generating bioenergy.

e Biopesticides and Pharmaceuticals: Both Neem and

Karanja produce oils packed with natural defensive
chemicals, like azadirachtin and karanjin. These compounds
serve as incredibly effective, plant-based weapons against
insects, fungi, and harmful worms (nematicides). Because
they offer a safe alternative to harsh chemicals, these
extracts are cornerstones of both traditional healing and

organic agriculture.

e Industrial Feedstocks: TBO oils are valuable raw materials
used to manufacture soaps, cosmetics, and lubricants, while

also serving as a viable alternative to cocoa butter.

Intercropping economics

Although TBOs require a preliminary establishment phase
before seed production commences—frequently resulting in a
transient reduction in net revenue during the early stages—their
long-term economic returns remain highly lucrative. Empirical
evidence indicates that once these arboreal systems attain
maturity and enter the reproductive phase, the gross revenue of the
integrated enterprise escalates rapidly. Over an extended horizon,
agroforestry frameworks that feature high-value tree species
ultimately exhibit superior profitability compared to conventional

monocrop farming or standalone forestry models.

Socio-economic impacts on rural livelihoods

Incorporating TBOs into rural agricultural frameworks extends
far beyond standard agronomic practice; it serves as a potent
mechanism for socio-economic advancement and community

empowerment.

e Employment Generation: Gathering, processing, and
distributing naturally fallen seeds require significant labor

inputs. Consequently, TBO cultivation generates steady,
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localized employment opportunities, offering vital livelihood
support to indigenous and marginalized populations

residing along forest boundaries.

e Energy Independence: The establishment of localized
biodiesel extraction facilities enables rural areas to produce
their own energy for farming equipment and community
power grids. This decentralized production serves as an
economic buffer, shielding local populations from the price

volatility of international petroleum markets.

e Livelihood Security: Traditional practices like multi-layered
agroforestry offer farmers multiple income streams from a
single piece of land. Simultaneously producing food, animal
fodder, firewood, and oilseed cash crops sharply reduces
their financial vulnerability to climate-driven, single-crop

failures.

Constraints, challenges, and future perspectives

While these oilseed trees hold incredible promise, getting them
into fields and markets on a large scale means facing several major
hurdles. Overcoming these bottlenecks is essential if we want to

truly maximize their global benefits.

Genetic and agronomic challenges

A primary constraint in TBO cultivation is the deficit of high-
quality, genetically superior planting material. Because the
majority of TBO species still exist primarily in wild states, isolating
elite genotypes that reliably deliver high seed yields and ideal
fatty acid compositions remains a major scientific challenge.
In the absence of high-performing clonal varieties, plantations
are plagued by highly erratic yields and inconsistent oil quality.
Additionally, the protracted juvenile phase of these trees serves as
a financial deterrent for small-scale farmers who depend on steady,

immediate seasonal cash flows.

Logistical and infrastructural barriers

The wide distribution of TBOs across diverse ecological zones
frequently results in inefficient and fragmented seed collection.
Furthermore, because a significant portion of the harvest coincides
with the rainy season, proper drying and storage are heavily
compromised. A lack of adequate post-harvest infrastructure
aggravates this issue, precipitating rapid fungal proliferation and a

steep decline in seed quality prior to oil extraction.
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The path forward

Closing the gap between domestic vegetable oil supply and
demand will require strong policy support and focused research

efforts:

e Precision Silviculture: Scientific organizations must
prioritize the breeding of fast-growing, high-yielding TBO
cultivars that allow for straightforward propagation and
seamless incorporation into contemporary agroforestry

frameworks.

e Organized Value Chains: Forming cooperative networks
for seed aggregation, paired with localized, village-scale
processing centres, will guarantee equitable market
compensation for agriculturalists while drastically mitigating

post-harvest degradation.

e Policy Advocacy: Financial subsidies during the initial,
non-productive establishment phase of TBOs, paired with
structured carbon credit frameworks for agroforestry
practitioners, will provide the economic stimulus necessary
to transition from conventional monocultures to diversified,

tree-crop configurations.

Ultimately, the extensive incorporation of Tree Borne Oilseeds
into agroforestry frameworks represents a uniquely synergistic
“win-win” model. This approach offers a pragmatic mechanism for
rehabilitating degraded landscapes, counteracting climate change
through robust carbon sequestration, and fostering a sustainable,
bio-based economy that drives the socio-economic empowerment

of rural communities.
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