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Abstract

Agroforestry has been used historically in India as a sort of subsistence farming, but it is now also being
acknowledged for its benefits to the recently developed wood-based manufacturing sector from an
economic perspective. A complete imbalance among demand and supply has been brought about by
insufficient forest cover, inadequate productivity, and legal constraints, together with rising demand for
wood and wood products due to growing populations, industries, and related policy changes. Through
technological, organizational, and commercial initiatives, some organisations have led research by
developing a value chain in industrialized agroforestry. Agroforestry has the ability to deliver food
security, aid in the reduction of poverty, and contribute to ecosystem conservation through carbon
absorption and conservation of soil. Despite its numerous benefits, agroforestry is still not widely used in
rural areas, especially by smallholder farmers in developing nations. The lack of agroforestry in public
policy makes it difficult to recognize this system's potential to address the climate problem and enhance
rural livelihoods. The availability of a market support system for several types of plywood, pulp wood,
lumber, and match wood had a big impact on farmers who grew trees. Similar to all other economic
sectors, agroforestry is transitioning to a market economy and facing major modifications to its social,
legal, fundamental, effective, and supply setups. To build effective and fruitful agroforestry systems and to
maximize private and public investments in agroforestry, however, comprehensive economic research and
analysis are required. This review gives a special emphasis on the current evidence depicting the
characteristics of agroforestry adoption, its benefits and potential drawbacks, as well as challenges for the
adoption in India.

Keywords: Agro-forestry, India, socio-economy, innovation, value chain

1. Introduction

Agroforestry is a multiple-use system in which agricultural crops and perennial woody plants are
grown on the same plot of land. In the Asian region, India is one of the major producers and
users of wood and wood products. Numerous types of wood and wood products are in high
demand due to factors including population growth, industrialization, and related scientific and
technical advancements. As a result, there have been large imports of these materials
(Upadhyay, 2021) D71, Agroforestry aims to increase the efficiency of the use of rural resources
by reducing or eliminating ecologically harmful land-use practices and by introducing new or
improved agroforestry enterprises to produce sustainable increases in incomes and living
standards, as well as to provide for social equity (Mercer, 1993) ¢, Forest and fuel wood
species were planted with closer spacing than fruit trees, which were planted with wider spacing.
Because they have increased access to food, fodder, and fuel wood, which is reflected in higher
access to livelihood capitals, farmers' lives have significantly improved as a result of the practice
of agroforestry. However, pests and diseases that affect trees and annual crops are becoming
more common, according to farmers. Species variety is increased, financial return is guaranteed,
and farmer livelihoods are sustained by agroforestry practices. One of the key factors affecting a
nation's wellbeing and general progress is the security of its livelihoods. India is dangerously
near to reaching a point when most of its natural resources can no longer be replenished due to
their extreme overexploitation (Chakraborty et al., 2009) %, Agroforestry techniques are being
promoted as potential solutions more and more.
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As a land use system, it has the ability to increase the utilization
of agricultural land while bringing about long-term advantages
and reducing unfavorable environmental effects on both a local
and global scale. It has the potential to lower emissions caused
by deforestation and forest degradation; it also supports
sustainable forest management and the preservation and
sustainability of the ecosystem. Use of agroforestry, a strategy of
land use that promotes increased productivity and environmental
stability, is consequently essential. This review describes the
numerous advancements made in the development of industrial
agroforestry as well as the improvements made in the production
to consumption system (PCS) in agroforestry.

2. Importance of agroforestry

Agroforestry practices encompass an entire spectrum of land use
systems in which woody perennials are deliberately combined
with agricultural crops and/or animals in some spatial or
temporal arrangement (Lundgren and Raintree, 1982) [,
Through its environmental, economic, and social roles,
agroforestry significantly contributes to the sustainability of the
environment. It is impossible to overstate the significance of
agroforestry because it benefits a large portion of the rural
population by providing food and other basic needs (such as fuel
wood, staking materials, fibers, timber, medicinal concentrates,
oils, fruits, and animal fodder) as well as playing a crucial role
in soil fertility (Fig. 1). Agro-forestry techniques are being
promoted more and more as viable treatments because they have
the ability to enhance agricultural land use systems, offer long-
term advantages, and lessen negative environmental
consequences on a local and global scale. According to Adedire
(2004), Adekunle (2005), and Oke (2008), agroforestry can
contribute to an ecosystem-based management system that
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ensures sustainability and environmental quality, as well as new
and practical solutions to many of the negative effects of human
land use, including increased agricultural production system
diversification, increased yield of crops and livestock, decreased
non-point source pollution, and increased rural development.
Therefore, agroforestry should be viewed as a method that
improves the farmer's yield while simultaneously addressing the
deteriorating condition of the environment, particularly the soil.
In addition to raising the farmers' income, this will contribute to
the security and balance of the food supply. (Richard et al.,
2009) also highlighted some of the major advantages that
agroforestry brings to sustainable development initiatives, such
as biodiversity preservation, environmental (watershed)
protection, and the reduction and adaptation to climate change.
Ajake (2012) acknowledged the role of forest trees in terms of
generating revenue, excellent healthcare, employment, raw
materials, and food provision among other things. Agroforestry
is being advocated more and more for its potential to restore
damaged environments and forests, cut greenhouse gas
emissions, and provide other advantages (Richard et al., 2009).
As a result, it was considered helpful in encouraging
afforestation and replanting and in the mechanism for forestry
development:  Additionally to achieving (inter)national
standards, "Reduction of Emissions from Deforestation and
Forest Degradation (REDD)" has been acknowledged goals for
combating climate change. Agroforestry is also renowned for its
contribution to the creation of traditional jobs; as a result, it has
the potential to provide a number of advantages, such as the
creation of income for underprivileged farmers and the stability
of the environment and ecosystems, including the prevention of
desertification and deforestation.

Evaluation of
agroforestry’s
effects on rural

communities

Socio Economic
Impacts

Environmental
Impacts

Product
Diversification

Cost & Benefit
ratio
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Job absorbtion
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Water
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Fig 1: Effects of agroforestry and its importance
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3. Lacunae in agroforestry

Since India's independence, several agencies, institutions, and
organizations have worked to promote forestry and agroforestry,
both in natural forests and in agricultural land use systems. This
may be seen in the way that agroforestry and Indian forests
helped to meet the need for wood for domestic and industrial
purposes (Handa and Dhyani, 2015) 2, In 1952, the Indian
government adopted the countrys’ first National Forest Policy,
which mandated that trees and forests must cover one-third of
the country's total land area. At the exact same time, increased
focus was placed on the emergence of new wood-based
businesses, which mostly sourced their raw materials from
unmanaged forests. One of the main obstacles to conducting
effective agroforestry impact evaluations is the length of the
research. For instance, it may take decades to witness the effects
of a specific agroforestry system since trees take time to develop
than annual crops. However, project financing may only be
available for a short time, which might result in the research
coming to an end before its real influence is felt in the field. This
issue can be solved by a research study employing a model for
prediction to calculate the effects of various agroforestry
systems in relation to other potential land uses, such as a widely
used traditional system (monoculture). The effects of
agroforestry systems on society and the environment may be
estimated using model parameters such as above-ground
biomass, tree growth rates, the amount of vegetation, the ability
to store carbon, and changes in input and product costs (Jalén et
al., 2018; Kraft et al., 2021) 16 291 Limitations of collaboration
amongst studies, particularly those addressing socio-economic
and ecological effects concurrently, is another weakness in
agroforestry research. However, the bulk of agroforestry
research conduct impact evaluations based on each individual
factor, such as social, economic, and environmental
characteristics independently. For instance, research on the
financial and environmental benefits of agroforestry is quite
well-established. To assess the combined socio-economic and
environmental effects of agroforestry on rural communities,
many methodologies have been used. For example, the Public
Goods Tool (PG tool) was used as a tool for multi-criteria
analysis to look at the sustainability of agroforestry (Mukhlis et
al., 2022; Paraskevopoulou et al., 2020) % “2 in rural regions of
Northern, Southern, and Eastern Europe (Smith et al., 2022) 54,
Analysing the socioeconomic and ecological effects of
agroforestry on the indigenous Kichwas community in Ecuador
(Heredia et al., 2020) 1 using the Response-Inducing
Sustainability Evaluation (RISE) technique, was similar (Loss et
al., 2021; Grenz et al., 2022) 32 19 To evaluate the impact of
agroforestry both quantitatively and qualitatively, PG tool and
RISE collect data from respondents by questionnaire and/or
interview. Each question is developed based on certain
standards. For instance, the PG Tool uses SAFA (Sustainability
Assessment of Food and Agriculture System) indicators (Smith
et al., 2022) B4, which cover the areas of ethical leadership,
environmental stewardship, economic toughness, and social
wellbeing. The sustainability index is then scored using the data
gathered from the PG Tool and RISE methodology before being
converted into a particular diagram (i.e., radar chart). Therefore,
a diagram like this may be used to more clearly illustrate the
trade-offs between agroforestry systems and other potential land
uses. As a result, it enables academics and policymakers to
better understand how agroforestry affects both people and the
environment.

4. Agroforestry value chain approach
Commodity value chains are the full set of activities required to
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produce an item or service from inception through different
manufacturing stages, transformation, and distribution to final
consumers, and finally disposal after use. Marketing to farmers
has received little attention in the past and has received
inadequate understanding (Kaplinsky and Morris, 2002) 261, A
chain can go from the smallest size to the largest. Or, 'actors'-
people or organizations who engage in a variety of activities-
may do so, including gatherers, processors, traders, merchants,
and service providers. The relationships between actors and
chain control are referred to as chain governance (Gereffi and et
al., 2005; Helmsing and Vellema, 2011) 18 2, To analyse both
firm- and industry-level competitive strengths and weaknesses,
the value chain must be dissected into its strategic components
to better comprehend each component's effect on cost and value
(Stabell and Fjeldstad, 1998) €1, Further imply that value chain
analysis, "an approach to the analysis of firm-level competitive
advantage based on the theory of three value creation
technologies and logics,” must evolve into value configuration
analysis. In accordance with Stabell and Fjeldstad, the primary
activity and support activity categories change for each of the
value configurations (Baig and Akhtar, 2011) M. The value
chain-based industrial agroforestry promotion has attracted
significant interest from the wood-based industries, farmers who
grow trees, and other value chain participants. As a result, the
area has expanded, productivity has improved, more industries
are participating, socioeconomic growth has occurred, and the
carbon sequestration process has been accelerated. Due to their
intrinsic complexity, agroforestry market system connections are
less developed or obvious than those in value chains for single
staple crops. A flexible market systems strategy may be used to
connect, provide value-added services, and promote market
access among smallholder producers and agribusinesses while
eliminating direct actions that run the risk of further upsetting
the market system (Singh et al., 2023) B3, The market systems
approach strives to boost the efficiency, efficacy, and
profitability of value chains for all stakeholders in the short to
medium term with an emphasis on vulnerable and disadvantaged
groups, particularly women (Eastwood et al., 2010) 1. The use
of a market systems approach is preferred to support sustainable,
equitable, and inclusive change since agroforestry is a diverse
market system (Kinyili and Ndunda, 2021) ?1, India stands out
as one of the few tropical nations that have had a constant rise in
forest cover over the past 20 years. Agroforestry has drawn a lot
of attention as a feasible land-use system because to its critical
role in supplying home and industrial wood demands. However,
there is now a large gap between the supply and demand of
wood and wood products because of the growing need for wood
and the legal difficulties associated with collecting wood from
government-owned forests. The adoption of a "value chain
model" has become crucial in order to solve this problem and
guarantee sustainability in the production and supply of
industrial wood. In order to promote collaboration and
coordination across the wood supply chain for long-term
viability and ecological balance, this approach engages a wide
range of stakeholders.

5. Innovations and its Approaches

a. Technological Development Innovations

Numerous authorities, institutions, and organizations have
worked to promote forestry and agroforestry since India gained
its freedom, both in naturally occurring forests and in
agricultural land use systems. The importance that Indian forests
and agroforestry plantations have played in supplying home and
industrial wood needs is evidence of this (Handa and Dhyani,
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2015) 20, Despite being a long-standing tradition, agroforestry
has evolved in response to comparable challenges in numerous,
frequently isolated societies and is still being improved upon by
the local communities who employ it (Fujisaka and Wollenburg,
1991) 31, The creation of novel technologies has been essential
in filling in research gaps, resolving issues, and expanding the
field of agroforestry. This development included developments
in the fields of organization, technology, and marketing.
Traditional methods of forestry and agroforestry depended on
genetic resources that were not upgraded, which resulted in low
yield and lengthy harvesting times. Practices were also founded
on traditional wisdom, which led to a disjointed and multipartite
supply chain (Buck, 1995) 1. The creation and use of High
Yielding Short Rotation (HYSR) clones, which have greatly
increased output, is the only noteworthy development. These
high yielding clones produce more than 25 m3 / halyear as
opposed to less than 10 m3 / halyear earlier thanks to the
adoption of stronger genetic stocks. These clones are designed to
meet particular technical specifications, allowing for harvesting
over a period of 48 months for plywood utility and between 16
and 18 months for pulp and paper utility. Mini clonal
Technology adoption has also had a transformational impact.
Agroforestry plantations have historically relied on seed-based
descendants with variable and uneven productivity. Genetic
uniformity and large-scale multiplication have been made
possible thanks to the development of Mini clonal technology,
giving it a significant edge over traditional mass multiplication
techniques. The design and development of machinery is a key
component of technological advancement in agroforestry.
Machines have increased the efficiency of tasks like pitting and
debarking, solving the labour shortage and easing human
suffering (Pollini, 2009) M8, These modern innovations have
helped agroforestry become a more achievable and attractive
land-use system by enhancing its sustainability, productivity,
and income creation.

b. Organizational innovations

Contract tree farming was created and implemented as a result
of the restructuring of the agroforestry industry's unorganized
supply chain, ensuring improved cooperation between farmers
and industries. An organized value chain model has taken the
place of the prior multiparty supply chain. Three contract tree
farming models were created and put into practice in
collaboration with the pulp and paper, energy, matchwood,
plywood, and timber businesses. The formation of the
consortium was coordinated with technology-based agroforestry
development under India's National Agroforestry Policy (Bhan
and Behera, 2014) [ to meet policy goals in the forestry and
agroforestry sectors (Kumar et al., 2021) 4. The Consortium of
Industrial Agroforestry is a self-sufficient business that makes
money through a variety of ventures (Minz et al., 2021) B7. The
consortium's wood-based companies contribute money to
research and development. The current research team has
pioneered in conceptualizing and establishing an exclusive
institution called Consortium of Industrial Agroforestry (CIAF)
to sustain the organizational structure and resolve the issues
from the entire production to consumption system in
agroforestry in order to further strengthen the organizational
linkages and to create institutional mechanisms (Parthiban et al.,
2019) M. In order to promote and facilitate coordinated
agroforestry promotion and growth, the consortium was created
using a self-sustainability model and includes all supply and
value chain participants of different wood-based sectors.
Overall, structured agroforestry, collaboration, and the
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development of sustainable wood-based enterprises have all
benefited greatly from the design and implementation of
contract tree farming as well as the founding of the Consortium.

¢. Marketing innovations

Forestry and agroforestry land use systems, in contrast to
agriculture and other land use systems, require a sustainable
approach that takes into account the nature and type of growth
and development. The Consortium of Industrial Agroforestry
institutionalized the advancements made through organizational,
technological, and commercial techniques. To maintain the
income and continue the employment creation efforts, it was
necessary to create company development prospects. Lack of
guaranteed buyback and price support is one of the biggest
issues facing farmers who plant trees. By creating a market
support structure and assuring a buyback by the Consortium
industries, this problem has been handled. The price support
scheme was initially only extended to species of pulpwood, but
it is now also extended to species of plywood, matchwood,
energy, and timber. The price support system was developed
through ongoing price and market analysis and mutual
interaction with all parties involved in the production to
consuming system. Markets and marketing for agroforestry in
India cover the flow of goods and services from producers to
consumers. The interchange of forest, agricultural, and livestock
goods in particular places is at the heart of the agroforestry
market. The lack of well-established marketing organizations,
market data, and uniform quality grades are just a few of the
clear contrasts between agroforestry marketing and agriculture
marketing, despite the latter's similarities (Parthiban et al., 2020)
44, Despite these difficulties, agroforestry has several
advantages, such as effective resource management, optimal
output, higher agricultural revenue, market expansion, and the
development of companies dependent on forests (Parthiban and
Fernandaz, 2017) [*3],

6. Characteristics of agroforestry adoption in developing
countries

Agroforestry has drawn a lot of interest in India because of its
function in the production of raw materials and its contribution
to ecosystem services. In developing nations, agriculture is
essential since it becomes the primary means of support for the
majority of people, especially those who reside in rural regions
(Diao et al., 2010) [, Rural populations have traditionally used
traditional agroforestry to increase their standard of living.
Communities that are close to forests, for example, frequently
use forest goods, such as selling lumber or enjoying the fruits or
edible plants that grow naturally there (Kalaba et al., 2010) 23],
Additionally, in order to make a livelihood, subsistence farmers
in remote regions frequently plant crops in addition to
cultivating some perennial trees or raising livestock (Duffy et
al., 2021; Soler et al., 2018) 3 %51, Around the world, there are
generally a number of agroforestry techniques used, including
silvoarable systems (combinations of trees/shrubs with crops),
silvopastoral (combinations of trees and livestock), Agro-
silvopastoral (combinations of shrubs/trees with both crop and
livestock), multipurpose trees, riparian buffer, and improved
fallow (Mosquera Losada et al., 2008) 38 (Table 1). Despite the
claimed advantages, developing nations still embrace
agroforestry at a very low rate (Mbow et al., 2014; McGinty et
al., 2008; Iskandar et al. 2016) [3* 35 24 Farmers' lack of
awareness of agroforestry methods, a lack of legislative support,
and restricted access to funds are among the obstacles to the
establishment (Beyene, 2019) I,
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There is little acknowledgement of such tree-based systems to
address the climate issue and enhance rural livelihoods since

https://www.agronomyjournals.com

agroforestry is not included in public policy (Bishaw et al.,
2013; Beddington et al., 2012) [6.2],

Table 1: Several practices of agroforestry that are commonly adopted in several developing countries and their brief description

Types of Practices

Descriptions

Silvoarable

Forests are grown with seasonal or perennial crops. It includes lined belts, dispersed trees, and alley cropping.

Silvopastoral

Integrating the use of trees with animal production and fodder. It includes open forest trees and forested or forest grazing.

Agro-silvopastoral

Combining annual crops and animal production with trees, albeit the agricultural and livestock parts are often separated in

time and space.

Multipurpose trees

On order to provide fruit, fuelwood, fodder, and timber, among other things, fruit and other trees are planted on cropland or

pasture.

Riparian buffer

Between cropland/pastures and water sources such streams, lakes, marshes, and ponds, there should be strips of perennial
vegetation (tree/shrub/grass), either natural or cultivated, to safeguard the water quality.

Improve fallow

In shifting land use, rapidly developing generally leguminous woody plants are planted. Additionally, this species can
increase soil fertility and provide useful goods.

7. Socio-economic impact of agroforestry

Due to the land's limitations and the agroforestry system's ability
to boost output on the same plot of land, marginal and small
landholdings of farmers see a large societal benefit. Growing the
area covered by agroforestry and the value chain development
activities linked with it, such as developing nurseries,
plantations, creating institutions for falling trees, and organizing
marketing groups, have produced sustainable job and revenue
production activities. In Rajasthan, Uttar Pradesh, and Gujarat in
India, where agroforestry was introduced, it was discovered that
more benefits to women'’s conditions were found when women
and children were enrolled in the agroforestry system (Bose,
2015) [, This is because the head of the family takes more care
of the cultivation there. When comparing the socioeconomic
circumstances of agroforestry and non-agroforestry farmers in
Bangladesh, it was found that agroforestry farmers fared better
than non-agroforestry farmers both socially and economically
(Chakraborty et al., 2015) [19: this finding was also found in
gastern Uttar Pradesh (Singh, 2019) B2, Similar to this, a
research conducted in the Nilgiris Biosphere Reserve in Kerala
discovered that farmers who used any type of agroforestry
system in their farming methods had considerable benefits,
including increased food production, improved livelihood
security, additional revenue, and decreased climate pollution
(Kumar, 2006) B9, Due to the system's significant direct and
indirect benefits, agroforestry aids in the study of ecosystem
conservation, biodiversity preservation, product production,
carbon sequestration, soil fertility in degraded areas, income
generation, and socioeconomic profitability (Singh and Pandey,
2011) B8 An agroforestry system focuses on enhancing or
strengthening the sustainability of socioeconomic return as well
as a sustainable method of enhancing the landscape through the
planting of native tree species (Kittur and Bargali, 2013) [28,
Agroforestry skills were supplied to small people that depend on
this system for their livelihoods, such as subsistence farmers,
allowing them to swiftly create revenue while also aiding in the
storage of carbon and limiting adaptable environmental change
(Buchman et al., 2008) 1. The importance of agroforestry
increased due to the fact that trees provide a significant natural
resource for cleaning the environment, and the mix of
agricultural products improves soil fertility, which benefits local
plants and microorganisms. Farmers have now decided that
agroforestry is a viable alternative to traditional 'modern'
agricultural approaches, and the socio-economic advantages it
provides are crucial (Saha et al., 2010) 5%, According to reports,
agroforestry is a supporting and sustainable activity in this
region and is essential to the numerous aspects of a household's
subsistence (Bijalwan et al., 2011) I,

When small landholders adopt agroforestry practices and grow
crops like medicinal plants, fruit trees, nuts, and fodder in place
of grass, fuel wood, and timber, they benefit more and improve
their standard of living (Raj et al., 2019) &, The most common
traditional agroforestry systems that supported socioeconomic
status and livelihoods were Agri-silviculture, Agri-horticulture,
and Agri-Horticulture in the Indian Garhwal Himalaya.
According to reports from the examined region, agroforestry
systems boost farmers' income, the ease with which they may
get firewood and lumber on their property, the preservation of
natural forest, and the socioeconomic well-being of rural
residents (Raj and Chandrawanshi, 2016) /. Because of the
yearly revenue created by the agricultural solitary crop system as
opposed to the installation of an agroforestry system, agriculture
often provides advantages more rapidly.

8. Conclusion and future scope

Agroforestry is a system or contemporary, scientifically
advanced technology that enables farmers to better our security
of socioeconomic situations and environment cleanliness by
cultivating all crop components on a fixed-size plot of land.
Because of the woods' abundant biodiversity, they continue to
play a significant part in enhancing rural populations' quality of
life. Natural forests can therefore supply for your needs in terms
of energy, food, nutrition, and health. More and more people
throughout the world are realizing the value of agroforestry
systems in producing environmental services including carbon
sequestration, improved water quality, and biodiversity.
Agroforestry has been used as a system of land use from the
beginning of time, but it has only been used for industrial and
commercial purposes for the past two to three decades, and this
has led to a number of difficulties and limitations due to the lack
of appropriate interventions at various levels. Understanding
agroforestry techniques gives commendable chances to develop
answers to the global issues of self-sufficiency and the provision
of essential necessities. It is suggested that farmers constantly
promote awareness campaigns, correct management practices,
and the use of appropriate planting materials. Despite several
studies highlighting the advantages of agroforestry, few
emerging nations have quickly shifted to this type of tree-based
farming. One of the reasons might be that the core narrative - "a
monoculture system with high output” goes against
agroforestry (Ollinaho and Krdger, 2021) 1. Agroforestry uses
a more intricate system with a variety of components (tree
species, crops, and/or animals), and it depends on the interaction
of each component to get the best results in terms of both
economic performance and environmental sustainability. There
have been several attempts to popularize the idea of agroforestry
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by working with the business sector and emphasizing the growth
of vast plantations. The practice of "industrial” agroforestry is
specifically cited as a cause for worry, despite the fact that the
technique is generally seen as a positive attempt to increase
adoption rates. Such a method may eventually transition from
having more diverse components to a small-scale intercropping
system where one type of tree serves as the main source of
output. Instead, agroforestry may be used to restore soil quality
and increase biodiversity in degraded regions outside of main
forests. Many rural areas, especially those with smallholder
farmers, lack the necessary land, seedlings, and germplasm to
establish an agroforestry system. These resources are often
controlled by businesses or governments (Gebru et al., 2019) 017,
In order to make such degraded lands available to anyone who
are interested in implementing agroforestry systems, government
or NGOs may do so. In order to increase communities' economic
resilience, the government can also provide temporary aid such
as market access, post-harvest equipment, or price stability.
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