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Abstract. Agroforestry has recently gained attention as it is capable of having multiple outlooks in 

both economic as well as product- oriented ways, also with its full potential can result in a sustainable 

life. Agroforestry nowadays can also be called as Integrated Farming System (IFS) as it combines all 

the systems altogether viz agriculture, horticulture, forestry, animal husbandry, apiculture, pisciculture 

etc. In recent days the problem of climate change and carbon sequestration, declining food security, 

improper nutrient cycling in the soils, soil conservation, livelihood improvement of the farmers, 

biodiversity enhancement all gain utmost priority. But, altogether cannot be solved in a single stretch 

except Agroforestry. The reason behind this is Agroforestry with its four dimensions namely regulating 

services, supporting services, cultural services and provisioning services has the potential to solve all 

these problems at a single stroke. The current area under agroforestry in India is estimated as 25.32 m 

ha, or 8.2% of the total geographical area of the country which should be increased to meet all the 

above-mentioned recommendations. The benefits which we get from agroforestry are innumerable. 

Additionally, substantial extent of areas of unproductive crop, grass, and forest lands as well as 

degraded lands could be brought under agroforestry. The places which are under the government but 

not used to its full potential has to be brought under agroforestry for the purpose of not only utilizing 

the land but also to derive some of the environmental and ecological benefits which it provides. Our 

knowledge on these issues is unfortunately rudimentary. Until such problems and negotiations are 

surmounted, the full potential and environmental benefit of the agroforestry will continue to be 

underappreciated and underexploited. 

Keywords: agroforestry, carbon sequestration, livelihood improvement, food security, nutrient cycling, 

soil productivity, biodiversity enhancement 

Introduction 

Scientifically, growing trees and agricultural crops on the same land, including waste 

areas, is known as agro-forestry. It modifies the simultaneous production of food, 

fodder, fuel, timber, and fruit by combining forestry and agriculture. The National 

Agroforestry Policy (2014) defines agroforestry as a combination of land-use systems 

which combines trees and shrubs on farmlands and rural landscapes with or without 

livestock to enhance productivity, profitability, diversity, and ecosystem sustainability. 

Agroforestry is a collective name for land-use systems and technologies where woody 

perennials (trees, shrubs, palms, bamboos, etc.) are deliberately used on the same land-

management units as agricultural crops and/or animals, in some form of spatial 

arrangement or temporal sequence. 

There are three main types of agroforestry systems: 

Agrisilvicultural systems are a combination of crops and trees, such as alley cropping 

or home gardens. 

Silvopastoral systems combine forestry and grazing of domesticated animals on 

pastures, rangelands or on-farm. 
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The three elements, namely trees, animals and crops, can be integrated in what are 

called agrosilvopastoral systems and are illustrated by home gardens involving animals 

as well as scattered trees on croplands used for grazing after harvests (Figs. 1 and 2). 

 

 

Figure 1. Components of agri-silviculture system 

 

 

 

Figure 2. Components of agroforestry other than agri-silviculture system 
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Agroforestry also plays a very important role in various aspects which gained its 

potential after the implementation of the third national forest policy in the year 1988, 

which clearly indicates the all the industries should produce their own raw material. At 

the same time, it is also clearly defined that 33% of the land area should be under 

forests. To achieve this mandate, agroforestry is of utmost importance. 

In principle, Agroforestry adheres to and promotes most of the agroecological 

elements as defined by the FAO which can be redefined as shown in Table 1. 

 
Table 1. Agroecological elements which in turn defines agroforestry 

COMPONENTS COVERAGE 

Variety 

With trees that support and preserve biodiversity in the 

agroecosystems, agroforestry increases the diversity of crops and 

livestock 

Co-production and information 

exchange 

Over time, the nation’s local agroforestry expertise has grown, 

and it is mostly recognized for its ethno-forestry techniques and 

native knowledge systems for cultivating a wide variety of tree 

species. The goal of recent efforts is to mobilize scientific 

information about agroforestry systems 

Synchronization 

Combinations of crops, animals, and trees make for synergistic 

land-use practices in terms of efficient resource use, nutrient 

cycling, and the potential to coordinate efforts to mitigate and 

adapt to climate change. This happens by storing carbon and 

assisting farmers in managing the risks associated with climate 

change 

Effectiveness 

Compared to other agricultural systems, agroforestry has the 

potential to result in a more closed nutrient cycle, which 

maximizes nutrient utilization. In comparison to monoculture 

systems, these systems also exploit solar energy more effectively 

Re-pleasing 

Nutrient recovery, recycling, and efficient usage are all possible 

with agroforestry, especially when nitrogen-fixing trees or 

symbiotic fixers are employed 

Fortitude 

Agroforestry is an integrated agricultural strategy that improves 

ecosystem health and biodiversity while diversifying production 

and income for farmers, strengthening their socioeconomic 

resilience against climate change 

Human and communal ideals 

Because of its ecological, social, and economic benefits, 

agroforestry has been deeply ingrained in human and social 

ideals for ages. Because it provides fuel wood, fodder, and a 

close-by food source, women find it alluring because it lessens 

the need for them to trek far and supports their livelihoods 

Customs related to culture and cuisine 
Agroforestry increases crop and livestock diversity by utilizing 

trees that support and preserve biodiversity in agro ecosystems 

Materials and methods 

The article mainly based on a systematic review about the agroforestry and its 

components as well as the contributions made by the agroforestry and its components 

and the impact made by those in the years together. This review pooled together and 

analyzed information from all the national and international research papers in various 

journals to extract the comprehensive understanding and qualitative as well as 

quantitative approach in the field of agroforestry. Last 25 years research papers with 
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regards to agroforestry has been used for this review writing in which the important 

extracts have been taken and oriented in a systematic way for easy understanding of 

agroforestry and its impacts. 

 

State-wise area coverage of agroforestry 

In India, forestry and agroforestry land are about 69.79 (FSI, 2013) and 25 Mha 

(Dhanya et al., 2013) respectively, out of the total existing geographical area of 

305.60 Mha. Agroforestry facilitates the amount of carbon stocking is 532.5 Mt. half of the 

C stock found in forests is secured by agroforestry, and current research indicates that 

India’s agroforestry area will grow dramatically in the next years. (NRCAF, 2006). 

Numerous research revealed that the agroforestry system is an incredible method of 

sequestering carbon, with its effective role being the above-ground storage of carbon 

biomass (Mukherjee et al., 2015) and also for storing the carbon biomass even in the below 

the ground (Nair et al., 2010). Although agroforestry has a lot of potential in India, 

adoption rates are currently slow due to obstacles that prevent it from realizing its full 

potential. These include inadequate market infrastructure, a lack of high-quality planting 

materials, transportation and processing of wood, inadequate research, and onerous and 

frustrating laws pertaining to trees (Sharma et al., 2017). By increasing the amount of 

green cover and providing the necessary raw materials, the agroforestry system is the main 

factor reducing the pressure on natural forests. Greater potential for improving the local 

community’s environmental and financial returns for substantial agricultural distribution 

that provides food, fodder, lumber, fuel wood, and fiber for the growing socioeconomic 

status (Bijalwan et al., 2011). Because tree roots enhance the quality of water absorption 

and increase beneficial microorganisms, which in turn improve soil nutrient richness, 

agroforestry systems are land management techniques (Murthy et al., 2013) (Fig. 3). 

 

 

Figure 3. The state-wise area coverage of agroforestry in India (Source: Newaj et al., 2017) 

 

 

Benefits of agroforestry systems 

Agroforestry may be able to provide benefits for the environment and the economy. 

The next section discusses some of the main advantages of keeping agroforestry 
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systems in place. Multiple harvests at different times of the year are made possible by 

the various agroforestry system components. Additionally, it improves the availability 

of fuel wood, raises food output and hence ensures food security, enhances soil fertility, 

enhances biodiversity, and benefits animals and ecosystems, among other benefits. 

Consequently, it lowers the chance of crop failure and guarantees farmers have other 

sources of income (Pandey, 2007). 

Results and discussion 

Agroforestry for nutrient cycling and soil productivity 

The cycle is made up of system transfers or internal turnover, output from losses, and 

inputs into gains (World Kisan, 2017). The types of trees and intercrops used in 

agroforestry, as well as the methods used for management, determine the characteristics 

of the soil. In addition to offering food, fuel, lumber, fodder, building supplies, raw 

materials for small-scale forest-based businesses, and other cottage industries, trees can 

occasionally supplement soil with vital nutrients (Ghosh et al., 2011). In addition to 

helping to combat climate change and global warming, planting trees and crops can 

assist to increase or sequester the soil’s carbon content. This increased soil carbon can 

also serve as a significant carbon sink. Problematic soils can also be reclaimed with the 

aid of agroforestry. According to Jhariya et al. (2013), every type of microbial activity 

in soil supports the cycling of nutrients and other ecosystem services. The movement of 

nutrients from one component of a soil ecosystem to another, known as “nutrient 

cycling,” leads to an increase in soil productivity through a variety of microbiological 

and biological processes. Because of the influence of the trees, the deposition of organic 

matter, the presence of root exudates, and the varied litter quality, agroforestry improves 

the microbial activity associated to the soil (Fahad et al., 2022). Using agroforestry 

techniques to plant trees on farms may be the most effective way to increase soil 

fertility (Octavia et al., 2023). Rainfall, biological nitrogen fixation, fertilizer 

application, and residues from outside the system can all contribute to the addition or 

gain of nutrients. The removal of crops, soil erosion, leaching, volatilization, and other 

activities can result in nutrient decreases or losses. A system’s internal recycling of 

nutrients, litterfall, root rot, and other processes can all result in nutrient transfers. By 

increasing the amount of nutrients available to crops, lowering the amount of nutrients 

lost from the system through leaching and erosion, and increasing the amount of 

nutrients in the crop root zone, trees in agroforestry moderate the cycle of nutrients 

(Nair et al., 1979). With the assistance of tree roots, some nutrients that are inaccessible 

to agricultural crops because they are found in the lower soil depth may be made 

available to crops at the top layer. Thus, the most significant advantage that trees can 

have for the soil is an increase in the availability of nutrients and an improvement in soil 

structure. Because their roots are usually deep and spreading, trees can access and 

absorb water and nutrients from the deep soil layers, often in areas that are inaccessible 

to other herbaceous crops or farms. The term “Nutrient Pumping” refers to the process 

by which the trees in agroforestry systems draw nutrients up from the deeper soil profile 

and finally deposit them on the surface layers through litter fall and other mechanisms. 

Compared to high moisture soils, trees in low moisture content soils have deeper root 

systems and aid in water and nutrient pumping (Makumba et al., 2009; Schroth and 

Sinclair, 2003; Schroth, 1999). Numerous legumes also establish a symbiotic 

relationship with the actinomycetes, a group of non-leguminous nitrogen-fixing 
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organisms. Free-living soil organisms have an impact on non-symbiotic fixation, which 

can be important in natural ecosystems with relatively low nitrogen requirements from 

external sources (Nair, 1993). The soil structure and texture have to be further studied in 

future to know the effectiveness of the nutrient cycling and the improvement in soil 

productivity and fertility status. 

 

Agroforestry for carbon sequestration 

The net removal of carbon dioxide from the atmosphere and storage of it in the long-

lasting pools of trees is known as agroforestry-based carbon sequestration. Both above-

ground and below-ground biomass may be found in these ponds. Compared to pastures 

or field crops, agroforestry systems are thought to have a greater capacity to sequester 

carbon (Sanchez, 2000; Roshetko et al., 2002; Sharrow and Ismail, 2004; Kirby and 

Potvin, 2007). This hypothesis is predicated on the idea that adding trees to pastures and 

croplands would increase both the net amount of carbon sequestered above and below 

ground (Palm et al., 2004; Haile et al., 2008). Agroforestry systems in India have the 

potential to sequester an estimated 0.5 to 20 and 0.01 to 0.50 mg of carbon per hectare 

for crop components and tree cover, respectively, each year. This helps to increase the 

quality of the yield produced on the same area (Singh et al., 2021). Agroforestry 

systems, which come in various kinds and are used in various parts of the world, are 

incredibly effective at counteracting negative impact of climate change by broadening 

the variety of tree crops, which increases the capacity for sequestering carbon dioxide 

more than when only one type of crop is grown (Toppo and Raj, 2018). 

When compared to non-agroforestry systems, conversion to agroforestry systems 

produced a much higher C sequestration (+25.34%). Agrihorticulture had the largest 

mean soil C stock (38.11 Mg C ha-1), + 31.64% greater than in conventional systems 

(Kumara et al., 2023). 

The premise that between 45% and 50% of branches and 30% of foliage dry weight 

is carbon is the basis for estimates of aboveground carbon sequestration potential (CSP) 

(Shepherd and Montagnini, 2001; Schroth et al., 2002). There are two ways that carbon 

can be sequestered in soils: directly and indirectly, according to the Soil Science Society 

of America (SSSA) (Soil Science Society of America, 2001). Inorganic chemical 

processes that transform carbon dioxide into soil inorganic carbon molecules like 

calcium and magnesium carbonates are the direct source of soil carbon sequestration. 

When plants photosynthesize atmospheric carbon dioxide into plant biomass, indirect 

plant carbon sequestration takes place. The quality of organic matter is closely related to 

the turnover of soil organic carbon (SOC) (Agren et al., 1996; Martens, 2000). Based on 

the amount of soil organic carbon (SOC), the land use systems can be arranged as 

follows: forests, agroforestry, tree plantations, and arable crops. Due to its ability to 

store carbon in its many plant species and soil, agroforestry has great promise as a 

climate change mitigation method (Albrecht and Kandji, 2003; ICAR, 2006). In semi-

arid, sub-humid, humid, and temperate climates, the typical carbon absorbed by these 

activities has been calculated to be 9, 21, 50, and 63 Mg C ha-1. As a result, it can be a 

practical method for storing carbon in the tropics for small agroforestry systems, where 

it has been reported to range from 1.5 to 3.5 Mg C ha-1 yr-1 (Roshetko et al., 2007; 

Montagnini and Nair, 2004). Agroforestry techniques have been shown to boost top soil 

carbon stores in degraded subhumid tropical soils by up to 1.6 Mg C ha-1 yr-1 (Mutuo et 

al., 2005). The planning and maintenance of agro-forests is crucial to the effectiveness 

of carbon sinks. The below ground biomass also to be considered very important as 
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equal to that of above ground biomass for the calculation of net amount of carbon 

sequestered in the agroforestry components. 

 

Agroforestry for biodiversity enrichment 

Agroforestry systems, which integrate trees into livestock or crop farming 

operations, have the potential to improve carbon sequestration and mitigate the 

continuous loss of biodiversity (Pantera et al., 2021). According to Plieninger et al. 

(2019), farming systems should be acknowledged from the perspectives of regulation 

and cultural services in addition to the crop production aspect. Indeed, their contribution 

to soil enrichment, carbon sequestration, biodiversity protection, and landscape beauty 

has been highlighted in a number of studies (e.g., Santos et al., 2019; Liu et al., 2020). 

One of the main approaches for meeting the growing demand for high-quality 

agricultural products while optimizing ecosystem services and minimizing negative 

environmental effects is agroforestry (Torralba et al., 2016; Arosa et al., 2017; Den 

Herder et al., 2017; de Jalón et al., 2018; Moreno et al., 2018). Agroforestry has been 

found to be crucial for both the protection of endangered species and the reduction of 

species loss in agricultural settings (e.g., Mosquera-Losada et al., 2009; Torralba et al., 

2016; Udawatta et al., 2019). One goal of resource efficiency is biodiversity 

conservation, which supports a variety of functions that are beneficial to human well-

being, such as the provision of food and fiber as well as regulating and cultural services. 

By boosting habitat and landscape variability, increasing structural complexity, and 

elevating the overall aesthetic value and vision of the landscape, agroforestry can help 

conserve biodiversity in agricultural landscapes. The enhancement of biodiversity in 

upcoming days play a very major role in the conservation of Rare, Endangered and 

Threatened (RET) species in any agroforestry systems as it is the need of the hour. 

 

Agroforestry for food production 

One of the main issues of days is food security. In addition to other interventions, a 

variety of interconnected agricultural approaches are needed to solve the issue of food 

and nutritional security. These approaches include bio-fortifying staples, increasing the 

productivity of staple crops, and cultivating a wider range of edible plants that can 

produce fruits, nuts, vegetables, and other edibles for a wider variety of diets (Frison et 

al., 2011). Possibility of expanding the crop portfolio to include staple crops and 

micronutrient-, fiber-, and protein-rich varieties. Raising yields is crucial when 

cultivating wild trees because, if native trees are thought to be rather unproductive, 

staple crops would probably take precedence over other crops in deforested areas, which 

will decrease agrobiodiversity (Sunderland, 2011). Increased vegetable yields, when 

combined with fruit, provide diversified and nutritionally balanced diets as opposed to 

diets based solely on calories (Susila et al., 2012). Agroforests play a critical part in this 

process. In difficult climates, trees can alter the microclimate for garden vegetables and 

provide support for climbing plants like yams (Maliki et al., 2012). By combining 

agriculture, horticulture, floriculture, forestry, and livestock in one unit area, 

agroforestry has enormous potential to produce food and provide farmers with a variety 

of food items made from different components. By growing cash crops, vegetable crops, 

agriculture crops, and forestry trees in combination, this may also give the farmers food 

on a regular, weekly, monthly, and annual basis, sustaining the overall food supply and 

boosting food production. 
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Quantification of agroforestry services 

In the summer, lower the air temperature by 1.5°C to 2°C. Capable of storing 

2.33 tons of carbon from 133 trees that carry oil seeds and 245 multipurpose trees and 

shrubs. (Soil and climatic regulations) as per the practice followed. 

Capable of generating 5.92 tons of oxygen on 0.75 acres, 37 kinds of butterflies, 44 

varieties of birds and 5 species of animals were observed in the multifunctional 

agroforestry area. (Floral and faunal diversity) as per the agroforestry practiced in Tamil 

Nadu (Fig. 4). 

 

 

Figure 4. Contribution of agroforestry systems  

Conclusion 

Agroforestry is a scientifically enhanced technique to the farmers to improve the 

ecological, economic, environmental as well as social status of the community as a 

whole. The carbon sequestration done in the agroforestry systems cannot be altogether 

overcome by either planting agriculture or forest trees solely in the field which in turns 

intensifies the importance of agroforestry in the area of carbon sequestration and 

mitigating climate change in the future years to come. The food production at the same 

time is also satisfied by the agroforestry practices where the total or the entire crop 

failure is nullified and in turn it increases food production to a greater extent. The 

livelihood status of the farmers also gets increased due to its intermittent income which 

may be either in the form of daily, weekly, monthly or yearly basis. The soil 

productivity, fertility and the nutrient cycling also gets very well improved due to the 

deep-rooted trees present in the agroforestry system which is not at all possible in the 

either of the systems other than forestry-based farming. The biodiversity also enriches 

to a very much extent which invites various types of birds, butterflies and animals and 

serves as a species richness area. The only way forward for agroforestry is that is the 

awareness, its management techniques and suitable planting materials which should be 

provided to the farming community (Fig. 5). 
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Figure 5. The primary and secondary roles of agroforestry systems and its positive impacts 
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