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Abstract This chapter examines the functioning of the various agroforestry systems, 
including silvopasture, agrisilviculture and agrisilviculture. Traditional agroforestry 
systems are considered as the classic example of sustainability due to their important 
role in conserving biodiversity, advancing food security and maintaining environ-
mental health. In this chapter, these systems have been studied for their ability to 
sequester carbon and their contribution to food production and security. With Alder-
based agroforestry in Nagaland, Alnus cardamom agroforestry in Sikkim, Piper-
based agroforestry in Southern Assam, the Indian Eastern Himalayas is a region 
to diverse agroforestry paradigm. Globally, more than 1.2 billion people practice 
agroforestry on approximately 1 billion hectares of land, while in India, agroforestry 
is practiced on about 25.32 million hectares. Agroforestry systems offer significant 
environmental advantages and ecosystem functions above and beyond the farm level. 
These systems increase soil biodiversity and fertility, conserve water, and minimize 
pollution. In addition to these, the main regulatory role of agroforestry systems is 
to help slow down global warming. With immense potential, traditional systems can 
help achieve many of the sustainable development goals (SDG: 1, 2, 3, 12, 13, 15) 
and also help in the restoration of degraded lands. 

Keywords Traditional agroforestry · Indian eastern Himalayas · Sustainable 
development goals 

1 Introduction 

Agroforestry is a technique of sustainable land management that combines the 
raising of livestock and/or agricultural commodities with the growth of trees and 
shrubs (Nair, 2005). It involves intentionally integrating woody perennial plants, 
such as fruit trees, timber trees, or nitrogen-fixing trees, into agricultural or pastoral 
systems. Agroforestry practices are designed to optimize the ecological, economic,
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and social benefits of the combined plantations (Castle et al., 2022). Traditional agro-
forestry systems are categorised as a group of indigenous agroforestry practises that 
have been used around the world with a variety of structural, functional, socioeco-
nomic, and ecological implications (Viswanath et al., 2018). They do not involve 
the intensive production of agricultural or fodder crops. This system of farming is 
sustainable and has been passed down through generations with the knowledge and 
skill of agroforestry. These conventional agroforestry systems have emerged as of 
greater significance throughout the current the UN’s decade-long ecological restora-
tion programme„ which can significantly aid in addressing the decline in biodiversity 
caused by imminent climate change (Critchley et al., 2021). 

The primary goal of agroforestry is to create a productive and resilient agri-
cultural system that enhances biodiversity, improves soil fertility, conserves water, 
mitigates climate change, and provides a range of products and services (Tomar 
et al., 2021a, 2021b). By incorporating trees into agricultural landscapes, agroforestry 
systems can enhance ecosystem functions and provide multiple sources of income 
for farmers (Castle et al., 2022). Agroforestry practices based on the particular objec-
tives and regional circumstances. According to the global definition given by Nair 
(1985) and Nath et al. (2021a), agroforestry systems are divided into agrisilvicul-
ture, agrisilvopastoral and silvopastoral. Agrisilviculture systems includes crops and 
trees including shrubs. Agrisilvipastoral systems includes crops and trees along with 
animals/ pasture. Silvipastoral systems include pasture/animals and trees. These 
systems can be adapted to different agro-ecological zones and cultural contexts, 
offering flexible and site-specific solutions to agricultural challenges. 

In India, out of the total forest area (21.71% of the total geographical area), it 
has been estimated that the area under agroforestry accounts for 2.91% of the total 
geographical area (Panwar et al., 2022). The Indian Himalayan region is known for 
its diverse agro climatic conditions with ecological and environmental importance 
(Kumar et al., 2021). This region has the capability of reversing the regional climate 
change effects occurring throughout the globe. Although wide range of benefits exist, 
this region is facing severe impacts from climate variations, isappearance of biolog-
ical diversity, developmental activities and threat to the livelihoods of the population 
(Kanwal et al., 2017). Additionally, shifting cultivation has accelerated soil erosion, 
necessitating urgent conservation of this area (Nath et al., 2021b). According to esti-
mates, 60% of this region’s land need erosion management, and 30% of it suffers 
severe soil erosion (Nath et al., 2021b). 

Agroforestry systems are extremely important for the restoration and rehabili-
tation of deteriorated areas (Jinger et al., 2023). This strategy improves alleviating 
poverty, nutritional stability, and climate change resilience. It provides with multiple 
benefits including soil fertility improvement, reduction in erosion, conservation of 
fresh water, maintenance of shade for crops and livestock, and generating income 
through various timbers and non-timber forest products (NTFPs). Agroforestry
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systems have been represented to boost agricultural productivity while reducing 
carbon footprint, in line with the UN Sustainable Development Goals (SDGs) and 
the UN Decade of Ecological Restoration (2021–2030). Agroforestry practises can 
also aid in the achievement of other international goals, such as Land Degradation 
Neutrality (LDN), which aims to conserve sustainable management and rehabilita-
tion of degraded land through local and national targets (Jinger et al., 2023). It is 
important that policies and programs are put in place to support and promote these 
practices to ensure their long term sustainability and effectiveness. We try to analyse 
the function of agrisilviculture, agrisilvopastoral, and silvipastoral systems in the 
Indian Eastern Himalayan region in this chapter. 

1.1 Multistrata Agroforestry Systems 

Mutlistrata agroforestry systems incorporate multiple layers emulate the composition 
of natural forests, resulting in abundant carbon sequestration and productive yields 
of both food and vegetation (Nair, 2017). These systems feature the combination 
of one or more layers of crops beneath taller trees, resulting in significant carbon 
sequestration alongside food production (Luedeling et al., 2016). Furthermore, they 
offer valuable ecosystem services such as habitat provision, erosion control, and 
maintenance of water quality. This multistrata systems are ecologically and econom-
ically significant. Agroforestry systems, which are considered as traditional resource 
management adaptations, have the potential to improve livelihoods by producing 
food, fodder, and firewood simultaneously in addition to mitigating the impacts 
of climate change (Pandey, 2007). Incorporating trees with agricultural practices, 
along with other vegetation management techniques in cultural landscapes such as 
farms, watersheds, and regional landscapes, can be integrated to utilize the benefits 
offered by adjacent natural, semi-natural, or restored ecosystems (Wilson & Lovell, 
2016). Agroforestry is having a significant impact on maintenance of the resource 
base and enhancing overall productivity in rainfed regions to arid regions (Dhyani, 
2018). There is abundant evidence to demonstrate that agroforestry systems gener-
ally exhibit higher overall (biomass) productivity, enhanced soil fertility, improved 
soil conservation, increased nutrient cycling, better micro-climate conditions, and 
greater potential for carbon sequestration compared to annual systems (Mathukia 
et al., 2016). Thus, agroforestry will play a crucial role in meeting the increasing 
demand for food, fruits, fuel wood, timber, fodder, biofuel, and bio-energy by the 
growing population, as well as in providing the perceived ecological benefits.
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2 Traditional Agroforestry Systems of the Indian Eastern 
Himalayan Region 

2.1 Agrisilviculture 

In this approach, trees and crops are grown together on the same plot of ground. 
Along with trees, crops like cereals, legumes, vegetables, and aromatic plants are 
grown. 8.68 million hectares of India’s total land area are thought to be now used for 
agrisilvicultural systems (Nath et al., 2021a). In the North Eastern Himalayan (NEH) 
region, agroforestry has a long history of integrating trees with the crop and livestock 
production systems in accordance with agroclimatic and other local requirements 
(Bhatt, 2001). In various agroclimatic zones, a wide range of grain crops, rhizomatous 
crops, pineapple, coffee, tea, and vegetables are grown alongside a wide range of 
fruits and other trees, including Alnus nepalensis, Schima wallichii, Erythrina spp., 
Ficus spp., Bauhinia spp., and Terminalia spp (Bhatt, 2001). In the Barak valley 
of North East India (NEI) agrisilviculture systems like Piper based agroforestry, 
pineapple agroforestry, tea agroforestry and bamboo based agroforestry systems are 
dominant (Brahma et al., 2018; Reang et al., 2021). The most common agroforestry 
systems in the Brahmaputra valley of Assam, however, include multipurpose trees on 
croplands, tea agroforestry, Morus and castor-based systems, and Machillus-based 
systems (Ulman et al., 2022). Successful and long-lasting agroforestry systems are 
based on Alder (Alnus nepalensis) in Nagaland and include high-value arable crops 
like cardamom (Elettaria cardamomum), large cardamom (Amomum subulatum), 
pineapple (Ananas sativum), many fruit trees, and tuber crops like turmeric, ginger, 
colocacia, and taros (Kehie et al., 2017). In farm-based agroforestry, farmers maintain 
multipurpose tree species for feed, fuel, and lumber, as well as other direct and indirect 
uses inside and around the nearby open cultivable area. Traditional farming practises 
in Mizoram continue to be based mostly on shifting (Jhum) cropping (Singh, 2019). 

2.2 Agrisilvipastoral Systems 

These systems can be identified by the integration of forestry, livestock, and agri-
cultural activities in the same region over time and place (Nair, 1993). According 
to Dhyani et al. (2013) and the Forest Survey of India (2013), agrosilvopastoral 
systems in India covers 5.58 million ha. Home gardens are a great example in the 
North Eastern regions of India, specifically in Tripura and Assam (Das & Das, 2005). 
Examples of agrisilvipasture include beekeeping, aquaculture, and backyard gardens 
with animals.
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Livestock and beekeeping along with the production of cardamom and other 
crops (like rice, maize, wheat, millet and pulses), cash crops (orange, ginger etc.) was 
reported by Sharma et al. (2016), from Sikkim. Assam has agroforestry systems based 
on the bushes Morus and Castor. Trees like Morus alba and Castor sp. Are grown in 
home gardens in the accessible areas to feed the silkworm species Bombyx textor and 
Samia ynthia, respectively (Ulman et al., 2022). In shady environments, silkworms 
are cultivated. Similar to this, certain Assam districts maintain agroforestry systems 
based on machilus. The Machilus bombycina, Litsea polyantha, and Litsea salicifolia 
leaves are consumed by the silkworm, Antheraea assamensis. To grow silkworms, 
most of these trees are planted in square patterns (Ulmana et al., 2022). Schumanni-
anthus dichtomus also known as ‘patidoi’ or ‘Murta’ is found to be grown in Assam 
(Bhattacharjee & Seal, 2017). It is observed these are planted along with boundaries 
of fisheries and also planted in large scale. Similar to this, Assam hill regions have 
reported coconut and betel nut tree development along pond edges (Ulmana et al., 
2022). Bun system (rice + fish along with crops) of the Jaintia hills of Meghalaya, 
Apatani method (paddy with fish culture) of Arunachal Pradesh and Zabo system 
(combination of forest, agriculture livestock and fisheries) of Nagaland (Selvan & 
Kumar, 2017) are examples of agrisilvipastoral systems. 

2.3 Silvopastoral Systems 

According to Shin et al. (2020), silvopastoral systems are those that integrate trees 
and cattle on grazing/range grounds. According to Nair et al. (2021), silvopastoral 
systems use a variety of techniques, such as planting trees on pastures or rangeland, 
creating protein banks, and growing plantation crops alongside grasslands and live-
stock. Due to their numerous conceivable component and arrangement combinations, 
these systems are remarkably adaptable to their environment and their user needs. 
In India, the total area currently covered by silvopastoral systems is projected to be 
2.42 million ha (Nath et al., 2021a). 

3 Case Studies from Indian Eastern Himalayan Region 

3.1 Agrisilviculture and Livestock Management for Food 
Production in NEI 

With the growing population, food security is in risk. Agroforestry systems can 
provide a range of food products including nuts, fruits, and vegetables. Additionally, 
the diversity of crops in agroforestry systems can provide more varied nutritious diet 
for local communities. Agrisilviculture systems like cardamom agroforestry system 
in Sikkim, NEI, is grown along with a number of trees which provide food (Avasthe
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et al., 2011). The Alder based agroforestry in Nagaland, is also an example which 
provides with numerous food crops such as rice, tuberous root (tapioca, potato, 
colocasia), large cardamom, and rhizomes (turmeric, etc.) (Kehie et al., 2017). In 
the west Garo hills of Meghalaya, intensified jhum cultivation has been the habitat 
for various food crops since decades. A total of 35 food crops are being grown and 
in addition four species of livestock being reared (Pandey et al., 2022). These 39 
species being the structure of five food crop groups, and each group has each group 
has at least two predominant crop or animal species, demonstrating how traditional 
farming has a built-in diversity. This system hence signified as a buffer for the risks 
against local and national food security thereby ensuring around the year supply of 
food. 

While mimicking the conventional agroforestry systems of NEI, in an experi-
mental agroforestry setup at Meghalaya (Dhyani & Tripathi, 1999) represented the 
yield of Soybean, Linseed, Ground nut and Mustard grown with trees like Alder, 
Albizia, Cherry and Mandarin. Yield was not observed to have significant varia-
tion when intercropped with different tree species except Cherry. Soybean, Linseed, 
Groundnut and Mustard yield ranged between 6.4–6.8, 2.2–3.0, 4.2–5.2 and 1.6– 
2.3 Mg ha−1. In Arunachal Pradesh, the Apatani system is eco-friendly and compared 
to the state average of less than 2.0 t ha−1, the Apatani system in produces rice at a 
very high rate (4–4.5 t ha−1). (Selvan & Kumar, 2017). In the Himalayan region of 
NEI, where erosion is a major land degradative process and the climate is humid sub-
tropical, integrating trees with crops can aid in ecorestoration and the preservation 
of soil resources (Dhyani & Tripathi, 1999). 

3.2 Agroforestry for Fodder Production in Sikkim 

Agroforestry systems can provide feed for livestock through the use of forage leaves 
and shrubs. The use of fodder trees and shrubs can improve the productivity by 
providing a more balanced diet. Bhatt et al. (2001) showed 15 plants and their 
potentials to be incorporated in the agroforestry systems as fodder yielding species. 
Among them Grewia oppositifolia and Ficus hispida are dominant fibre yielding 
species having the green fodder potentials of 95.5 and 92.5 kg tree−1 respectively. 
According to reports, agroforestry-grown trees meet 9–11% of the need for green 
fodder (CAFRI, 2015; Sharma et al., 2017; Singh & Pandey, 2011). Singh and Teron 
(2019) reported Colocasia esculenta and Zea mays as a fodder for pigs from an oak 
based agroforestry system in Sikkim.
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3.3 Traditional Homegardens as Source for Fuel 

Agroforestry systems can provide a sustainable source of fuel wood for cooking and 
heating. Transforming agricultural leftovers into biofuel addresses both the chal-
lenges of waste disposal and energy generation simultaneously (Ambaye et al., 2021). 
When compared to alternative renewable energy sources like solar and wind, biomass 
stands out as an affordable, energy-efficient and easily storable option. NEI is no 
different for the options of energy fulfilment from the rest of the country, where the 
local population heavily relies on plant resources to fulfil their energy requirements 
along with other diverse needs. The extensive use of fuel wood as the main energy 
source for household purposes in NEI has contributed significantly to deforestation. 
As a result, it has become imperative to establish energy plantations in fallow lands 
and wastelands of the region to address this issue (Kakati & Konwer, 2001). Diverse 
homegardens of Barak Valley, NEI represented fuel wood being one of the dominant 
use class for meeting the energy demands (Das & Das, 2005; Nath et al., 2020). 
Among them 61% of the managed trees are the most commonly used fuel wood 
species. Albizzia lebbek, Alnus nepalensis, Melia azedarach, Phyllanthus emblica, 
Quercus serrate, Schima wallichii reported from an oak based agroforestry system in 
Sikkim by Singh and Teron (2019) meet the requirements of fuel wood. Therefore, 
agroforestry plays a vital role in alleviating pressure on forests by cultivating trees 
on farms. These farm-grown trees serve as a source of fuel wood, effectively meeting 
local energy requirements and reducing reliance on forest resources. 

3.4 Biodiversity Conservation Through Cardamom 
Agroforestry 

A crucial part of sustaining human life and the health of our planet is biological diver-
sity, often known as biodiversity (Jose, 2012). In the present time, the transformation 
to agriculture systems always takes place with the expense of the natural environ-
ment. The extent to which a system is affected differs vividly between regions and 
in progression the area becomes barren and degraded depending on the human pres-
sure, population density, land use change etc. Agroforestry systems have the ability 
to help reverse the circumstances and restore these fragmented and barren areas 
(Scrotch et al., 2000; Tomar et al., 2021a, 2021b). The Indian Himalayas are home 
to a rich biodiversity, including a variety of flora and fauna that are endemic to the 
region. Agroforestry systems can significantly contribute to biodiversity preserva-
tion in this region by providing habitat for wildlife and promoting ecosystem services 
(Udawatta et al., 2019). 

Sikkim’s extensive cardamom agroforestry practise promotes the region’s efforts 
to preserve its tree biodiversity (Sharma et al., 2007). Another study (Vineeta et al., 
2022) from the Darjeeling Himalayas in a Cardamom based agroforestry reported the 
existence of certain IUCN red listed species indicating the conservation of supported
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by these systems. For instance the species (Brugmansia suaveolens) which is reported 
to be extinct from Brazil are reported from the Darjeeling Himalayas and adjoining 
foothills of West Bengal (Vineeta et al., 2022). Comparing this to other agroforestry 
techniques used in the area, it encourages the existence of extremely diversified tree 
species and tree diversity index. The birds and other creatures that the trees support 
have an impact on the agroforestry system’s ecological makeup and ability to func-
tion. Additionally, agroforestry systems with multiple tree species and crops can 
support a greater diversity of wildlife and plant species than monoculture systems 
(Udawatta et al., 2019). However, the success of agroforestry systems in promoting 
biodiversity conservation in the Indian Himalayas is governed by factors such as 
local environment, design and management of the system, and involvement of local 
communities in the process. Hence, it is vital to tailor agroforestry practices to 
the specific needs and conditions of the region in order to achieve effective and 
sustainable biodiversity conservation. 

3.5 Hedgerows and Alder for Maintenance of Soil Health 

In general, agroforestry systems are believed to sustainably improve soil qualities 
(Dollinger & Jose, 2018). Agroforestry systems can have positive impacts on soil 
health by improving field capacity (FC), organic matter (OM), available potassium, 
available phosphorus, soil carbon stocks, and lower bulk density (BD); which retain 
water by increasing the water holding capacity (WHC) and release the water to plants 
gradually, like a sponge. The supply of OM is crucial for soil aggregation and for 
lowering the soil BD. This decreased soil BD helps with air circulation, circulation 
of water in the rhizosphere, soil nutrient quality, and groundwater recharge in arid 
and semi-arid conditions. Soil organic carbon has a direct and indirect impact on 
how well nutrients are used in agriculture. The greater availability and absorption 
of nitrogen from soil with rich organic matter and a healthy deep root system will 
increase the effectiveness of nitrogen use. Additionally, mycorrhizae are probably 
provided by the increased microbial diversity brought on by the addition of OM, 
which releases P and makes it available to crops. In agroforestry systems, the buildup 
of litter from the loss of leaves and twigs serves as the main source of nutrients and 
organic carbon. Additionally, the deep root systems of trees and shrubs in agroforestry 
systems can help to strengthen soil structure and reduce erosion by binding soil 
particles together. In their study of a maize-chili intercropping system with leucaena 
(Leucaena leucocephala) trees hedgerows, Hussain et al. (2021) found that soil loss 
is greatly reduced while the productive capacity of the land increases, all with a 
minimal usage of tillage and fertilisers. In the abandoned Jhum land in India’s north-
eastern area, Bambusa nutans has been discovered to be effective at binding soil 
nutrients. (Arunachalam & Arunachalam, 2002). Furthermore, agroforestry systems 
with leguminous trees and shrubs can fix atmospheric nitrogen, which can increase 
soil fertility and reduce the need for synthetic fertilizers. In the Khonoma village of 
Nagaland, NEI the Alder based system is an example of agroforestry system which
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has the capability of fixing nitrogen. The alder root nodule fertilises the soil, and the 
spreading nature of the roots helps to reduce soil washing on slopes (Das et al., 2012; 
Rathore et al., 2010). It has been reported that Alnus can fix up to 29–117 kg ha−1 

of nitrogen. 

3.6 Carbon Sequestration Through Agroforestry Transition 

Agroforestry is crucial for sustaining soil organic carbon, which lowers greenhouse 
gas (GHG) emissions. Agroforestry systems store carbon in the woody biomass 
reducing the GHGs and this vary with respect to different tree species and different 
land management practices. The greatest potential for atmospheric CO2 absorption 
comes from converting underutilised agriculture and grasslands into agroforestry 
(IPCC 2000). In NEI, Brahma et al. (2018) assessed the ecosystem carbon seques-
tration capacity for the main land uses transitioned from the natural forest. According 
to their study, the management of degraded forests using Piper betle slash and mulch 
agroforestry and Hevea brasiliensis plantations resulted in carbon sequestration rates 
of 5 and 4 Mg ha−1 year−1, respectively. The carbon sequestration reported was 0.5 
and 4 Mg ha−1 year−1 when Imperata grassland was turned into Areca catechu and 
Hevea brasiliensis plantations, respectively. Similarly, Reang et al. (2021), reported 
that pineapple agroforestry systems of > 15 years age has a carbon storage capacity of 
175.65 Mg ha−1 while the ecosystem carbon storage was 247.46 Mg ha−1. According 
to Manjaiah et al. (2017), the NEH area of India’s agroforestry systems have a SOC 
stock that ranges from 85.3 to 121.9 Mg ha−1. Agroforestry systems have the ability 
to  store up to 0.29 to 15.2 Mg C ha−1 above ground and 30 to 300 Mg C ha−1 at a 
maximum soil depth of 1 m. (Nair et al., 2010). 

The intensive management practices by the farm managers of agarwood (Aquilaria 
malaccensis) in the Barak Valley, NEI had induced the average soil organic carbon 
stock, and ranged between 11.9–28.9 g kg−1 at under different cultivation manage-
ment systems. The economic management of different agarwood stands increased 
the incorporation of trees for various household needs. In addition Water Guard, 
Pumpkin, Betel leaf, Yardlong Beans, Flat Beans, Cucumber, Sponge Gourd, Spine 
Gourd, etc. are the crop varieties being cultivated. This inter-spatial crop-tree arrange-
ment of agarwood agroforestry is subsequently leading to high production and accu-
mulation of litter thereby releasing more organic materials into the system (Nath 
et al., 2020, 2022a, 2022b). In the same system, the suggested increase in the recalci-
trant carbon pool with age indicates a higher carbon sink potential in the monoculture 
stands.
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3.7 Alder Based Agroforestry for Microclimate Regulation 

The contribution of trees and woody plant in the agroforestry system plays an impor-
tant role in the microclimate regulation by providing shelterbelts. This also provides 
shade which are beneficial for air and water quality. Agroforestry offers a multi-
tude of benefits, including the creation of a favourable site-specific climate, decline 
in erosion, enhancement of biodiversity, improved water quality, increased water 
infiltration resulting in effective groundwater recharge, enhanced and extended dry 
flow, habitat improvement, and enhancement of soil fertility (Tomar et al., 2021a, 
2021b). In agroforestry systems, the performance of the crop component is typi-
cally improved when it has a greater preference for shade, especially during the 
initial stages of agroforestry establishment. This is because competition for light is 
a crucial factor that limits yields in such systems. Therefore, the presence of a tree 
canopy in agroforestry systems can create an optimized microclimate, benefiting 
the surrounding environment and crops (Burgess et al., 2022). Sharma et al. (2007), 
reported that, the presence of shade trees in the Alnus-cardamom based agroforestry 
system regulates the microclimate. Furthermore, it is crucial to emphasize the inclu-
sion of local species in agroforestry systems. These species not only contribute to 
enhancing biodiversity but also possess adaptations to local microclimate conditions. 
They may have developed resilience to climate change and extreme weather events, 
making them valuable components of sustainable agroforestry practices (Burgess 
et al., 2022). 

3.8 Indigenous Cultivation and Shade Management for Pest 
and Disease Control 

The traditional farming system in the NEI stands out as intricate and distinct due 
to its dominance of slash and burn agriculture. In this region, the management of 
crops and pests is intricately linked with the integration of indigenous knowledge 
and traditional ecological practices passed down through generations. The land use 
system revolves around slash and burn agriculture, where the clearing of land and 
cultivation techniques are guided by the expertise and wisdom of the local commu-
nities (Chhetry & Belbahri, 2009). Agroforestry helps to create a more complex 
and diverse agro ecosystem, which is less vulnerable to pest and disease outbreaks. 
In agroforestry systems, trees can provide a natural habitat for predators, parasites, 
and beneficial insects that aid in the management of pest populations. By increasing 
the genetic diversity of the species and integrating it with other host species, it is 
possible to reduce the risks of pest and disease infestation by diversifying the tree 
component of agroforestry systems (Schrotch et al., 2000). Additionally, the pres-
ence of trees in agroforestry systems can alter the microclimate, which makes the 
environment less hospitable for some diseases and pests. Additionally, the presence
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of trees in agroforestry systems can change the microclimate, making the environ-
ment less suitable for some pests and illnesses. Shade trees frequently provide a 
habitat for beneficial organisms that feed on pests and pathogens, improving the 
level of pest and disease control (Ayalew et al., 2022). In addition, the inclusion 
of leguminous trees in agroforestry systems can improve the fertility and health of 
the soil, which will help to lower the prevalence of diseases that are transmitted 
through the soil. Studies have demonstrated that agroforestry practises can greatly 
reduce the usage of synthetic pesticides and herbicides, which are detrimental to 
both human health and the environment (Udawatta et al., 2019; Ollinaho & Kroger, 
2021). Inbuilt approaches used in the agroforestry systems of NEI were reported by 
Chhetry and Belbahri (2009). The cultural customs of multiple or mixed cropping, 
zero tillage, clean cultivation, slash-and-burn methods, green manuring, successive 
cropping and harvesting, fallowing, flooding, and more. These customs, which have 
a strong cultural foundation, are an efficient technique of controlling diseases and 
pests. A sustainable and environmentally friendly method of farming is agroforestry. 
As a result, agroforestry is an environmentally responsible and sustainable method of 
controlling pests and diseases that can help farmers maintain their financial stability 
and ensure the long-term viability of agricultural systems. 

3.9 Water Logged Agroforestry of Tripura 

Reduced nutrient and sediment runoff from agricultural lands is the basis for the 
regulation of water quality through the use of agroforestry. By reducing the effects of 
leaching from rainfall-induced runoff, they may also be able to enhance groundwater 
quality (Anderson et al., 2009). The uptake of nutrients from the soil and water by 
trees in agroforestry systems can help to limit nutrient runoff. Additionally, trees’ root 
systems can prevent soil erosion. Trees can also help to slow down water movement, 
allowing for infiltration into the soil and reducing surface runoff. Jinger et al. (2022) 
reported reduction in the total soil loss and runoff by 37.7% and 19.1%, respectively 
under agroforestry (sapota + cowpea + casto), compared to the sole crop (cowpea 
+ casto) cultivation. Further, agroforestry systems can enhance soil health, which 
improves the water absorption capacity of soils, reducing the incidence of flood and 
drought. 

The unique water logged agroforestry system of Tripura can be identified from 
dominance of woody perennial crops such as areca nut, mango, coconut, and locally 
adapted varieties of Colocasia. These crops are typically found in swampy areas. 
Additionally, the system includes certain fish species like Anabas testudineus, Clarias 
batrachus, Puntius chola etc. Other water-loving plant species such as Enhydra fluc-
tuans, Ipomoea quatic, and Achyranthes philoxeroides are also commonly observed 
growing within these agroforestry systems. The overall benefit: cost ratio in the tradi-
tional waterlogged agroforestry systems of Tripura was 6.35 signifying livelihood 
potential of the system. This underscores the importance of scientific communities
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extending this approach to other regions of the country that share alike land-use char-
acteristics. Such expansion can bring about positive economic outcomes and improve 
the overall sustainability of agricultural practices in those areas (Sarkar et al., 2019). 

3.10 Alder, Sericulture and Fruit Tree Based Agroforestry 
for Economy 

In the eastern Himalaya, traditional agroforestry techniques centred on cardamom 
are used to cultivate perennial cash crops on marginal soils and slopes beneath the 
existing forest canopy.. In the majority of cardamom plantations, Alnus nepalensis is 
commonly used as shade trees. The mixture of Alnus nepalensis and cardamom has 
been found to be ecologically and economically sustainable. Cardamom cultivation is 
primarily carried out in altitudes ranging from 600 to 2000 m, which includes subtrop-
ical to cool temperate zones. The total output from the agroforestry was reported at 
US$ 1619 with a output: input ratio of 13:2. This indicates that cultivating cardamom 
within an agroforestry system offers substantial economic advantages and serves as 
a viable and lucrative alternative for farmers in the region (Sharma et al., 2007). 
The cardamom agroforestry system is economically viable and particularly benefi-
cial for marginal households that heavily rely on subsistence farming practices. By 
engaging in cardamom cultivation within the agroforestry system, these households 
can improve their income and livelihoods. The system provides them with a sustain-
able and profitable agricultural option, enabling them to enhance their economic 
well-being and reduce dependence on subsistence farming alone. 

Agroforestry systems has the potential to contribute significantly to the country’s 
economy especially in the developing countries. Agroforestry systems can provide 
multiple products and services, including timber, fuel wood, fruits, nuts, medicinal 
plants and animal fodder. This diversity of products can create more sustainable 
and resilient livelihoods for farmers, reducing their dependence on a single crop or 
source of income. In a sericulture based agroforestry system of NEI, intercropping 
was done with spacing ranged from (90 × 60) cm to (210 × 120) cm. The net cash 
return from the agroforestry systems was ranged between INR 9670.00–51,300.00 in 
low spacing categories with the highest cocoon and fuel wood yield. This was 1.5–5.6 
folds more than the net income obtained from Mulberry and groundnut monocultures 
respectively. Due to the low temperature and deciduous nature of mulberry, rearing 
activities are not feasible during winter. However, intercropping between mulberry 
rows can still be practiced with relative ease (Dhyani et al., 1996). The fruit tree 
based agroforestry system of NEI represented the highest net income generated when 
groundnut, soybean, turmeric and ginger were intercropped with Khasi Mandarin 
(Bora et al., 2019). This is attributed to the compatibility and synchronized growth 
between the two crops, resulting in mutually beneficial outcomes.



Traditional Agroforestry Practices in the Indian Eastern Himalayas … 173

4 Future Opportunities of Agroforestry Management 

Agroforestry has the potential role to play a in the future by improving the agricultural 
community’s economic status, efficient resource utilisation within the farm, and 
environmental resistance to climate change (Raj, 2020; Raj et al., 2020). According 
to a World Bank (2004) estimate, there are around 1200 million rural people who 
currently practise agroforestry on their farms. Tree cover reaches over 10% of a 
billion hectares of agricultural lands, and an estimated 1.6 billion hectares of land 
globally are anticipated to be transformed under agroforestry management in the 
foreseeable future (Nair & Garrity, 2012). According to CAFRI (2015), by 2050 
the need for fodder will be 1.5, 2.0 and 3.0 times that of food grain, fuel wood 
and timber respectively. Agroforestry has the ability to supply the demand for food, 
fodder, firewood, and timber. As part of the United Nations Framework Convention 
on Climate Change (UNFCCC), the Intergovernmental Panel on Climate Change 
(IPCC), Nationally Determined Contributions (NDC), and National Adaption Plans 
(NAP) have recognised agroforestry systems in the achievement of climate change 
adaptation. Furthermore, according to the IPCC’s land use cover, land use change and 
forestry report, 2000, agroforestry systems have been identified as having the largest 
potential for carbon sequestration by 2040 among all other land uses. Agroforestry 
compensets one-third (33%) of overall GHG productions from the agriculture sector 
and 6% of total GHG emissions at the national level (Ajit et al., 2016). Based on 
this efficiency, the agroforestry systems has the potential of creating carbon trading 
and carbon credits opportunities. Further selling of this carbon credits can generate 
income while contributing to climate change mitigation. 

Introducing incentive mechanisms for the agroforestry managers of NEI can be 
helpful to establish link between end users of the ecosystem services managed by 
indigenous folks at the upstream of ecosystem service loop. Studies has provided 
insightful information on progressive impact of payment for ecosystems services. 
Such a mechanism had potentially responsible for biodiversity conservation, reduc-
tion in soil erosion and sedimentation of river, increase in biomass carbon seques-
tration opportunities and restoration of degraded lands through different government 
and functional non-governmental agencies (Nath et al., 2023). 

5 Conclusion and Recommendations 

Agroforestry has the potential to support food production and enhance the overall 
efficiency and stability of agricultural systems in the NEI region. By combining tree 
crops with food crops, agroforestry systems can provide multiple benefits such as 
improved soil fertility, enhanced water retention, reduced erosion, diversified income 
sources, and increased resilience to climate variability. This integrated approach 
can contribute to sustainable food production and promote long-term agricultural 
sustainability in the region. It holds great promise in meeting various human needs,
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including food, fuel, fodder, timber, and more. Additionally, it serves as an insur-
ance against soil erosion, floods, and other natural calamities that are commonly 
experienced in the NEI region. Restoration of degraded landscapes and biodiver-
sity can be achieved through agroforestry. The agroforestry systems of the Indian 
Himalayan region holds profound significance of storing a significant amount of 
carbon. Global issues of climate change and food insecurity can be addressed with 
the help of agroforestry further contributing in the reduction of carbon footprint. 
Generation of carbon credits through agroforestry can serve as a catalyst for a posi-
tive change. Moreover, the sale of carbon credits on global markets can open up an 
additional source of income, assisting in the eradication of poverty and the creation of 
stable means of subsistence. Collaborative approach of involving scientific commu-
nity, well-structured policy frameworks and community participation can also help 
achieve the international targets of carbon neutrality. 
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