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Advantages and Disadvantages of 
Agroforestry

Agroforestry is gaining recognition for its global importance in tackling a range of 
significant challenges. The Food and Agriculture Organization (FAO) of the United 
Nations emphasizes that agroforestry provides practical solutions to many of these 
issues. Despite advancements in agriculture, hunger remains a major problem for a 
large portion of the world’s population, and the situation is expected to worsen. To 
address food insecurity in a sustainable way, it is essential to implement long-term 
agricultural practices, with agroforestry playing a key role. By combining the ecological 
benefits of trees, crops, and livestock, agroforestry can increase food production while 
reducing the environmental impacts of farming. More importantly, it offers solutions 
that directly benefit impoverished communities, which are often the most affected by 
environmental degradation. Agroforestry helps address many critical global issues, 
providing both economic and ecological advantages (Bhol et al., 2024). However, there 
are also challenges associated with its implementation, which will be discussed later.

ADVANTAGES OF AGROFORESTRY
Enhancement of Farm Productivity
Incorporating trees, crops, and livestock into a single farming system enhances the 
efficiency of resource use, leading to higher productivity and greater sustainability 
compared to monoculture farming. This benefit is particularly evident in warmer climates. 
In tropical regions, the advantages of tree crops and forests are significant. These areas, 
characterized by high humidity and temperature, allow trees to absorb solar radiation 
continuously, unlike annual crops that can only capture solar energy during specific 
seasons. Conventional farming, which involves repeated ploughing, results in substantial 
nutrient leaching, especially during the rainy season, contributing to soil fertility depletion. 
Erosion and nutrient loss are also common issues in monoculture systems.

In contrast, trees can capture solar energy year-round, making forestry systems 
more productive than conventional agricultural practices. These systems also help 
preserve soil fertility by recycling nutrients and preventing the erosion and nutrient 
loss caused by leaching and runoff. Many leguminous tree species can fix nitrogen 
from the atmosphere, enriching the soil with more nitrogen than they take, especially 
through leaf litter. These leaves serve as green manure, further boosting soil fertility. 
Agroforestry systems ensure long-term soil health by integrating crops and trees, 
significantly improving land productivity.

Research shows that crops grown in forest-influenced soils often yield better than 
those in conventional agricultural soils. For example, in the Terai region of Uttarakhand, 
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India, farmers using the Taungya cultivation method achieved higher yields of maize, 
wheat, and pulses on leased land without fertilizers compared to conventional 
agricultural land. In the Sahel region of Africa, Verinumbe (1987) found that soils 
influenced by trees, such as neem, Prosopis juliflora, and Eucalyptus spp. produced higher 
yields of dry matter, including maize and sorghum, compared to regular agricultural 
soils (Fig. 4.1).

In semi-arid parts of Africa, intercropping with tree species like Leucaena leucocephala, 
Gliricidia sepium, and Cassia siamea led to a 30–40% increase in maize yields. The 
tree prunings were used as mulch and green manure (ICRAF, 1988). Similarly, the 
International Institute of Tropical Agriculture (IITA) developed an alley cropping 
system in which Leucaena leucocephala trees are planted alongside crops like corn, yams, 
and rice. Trees are pruned during the growing season to avoid shading the crops, with 
pruned leaves used as mulch and larger branches utilized as fuel or poles. In sandy, 
infertile soils, this method resulted in yields of 3–5 tons of corn per hectare in the second 
growing season (Anon, 1984).

In India’s Haryana and Uttar Pradesh states, agroforestry has increased yields of both 
grains and timber by up to 20% compared to conventional agriculture (Dwivedi and 
Sharma, 1989). In these areas, farmers plant Eucalyptus spp. hybrid and Populus deltoides 
along field boundaries, leading to higher crop and timber yields. However, crops near 
the edges of the tree rows tend to grow less vigorously than those in the central areas 
of the fields. Research at the Indian Grassland and Fodder Research Institute (IGFRI) 
in Jhansi, India, showed that combining fodder grasses with fodder trees resulted in 
higher total fodder yields compared to growing grasses alone (Deb Roy, 1990). Similarly, 
intercropping Leucaena leucocephala with crops and fodder grasses resulted in increased 
yields of food, fodder, and fuel (Tiwari, 1970; Anon, 1984; Pathak, 1989).

The enhanced productivity in agroforestry systems is likely due to several factors— 
(i) increased photosynthesis efficiency of perennial crops, (ii) improved access to water 
and nutrients from deeper soil layers, and (iii) better environmental conditions that 
support the growth of annual crops. However, competition for light, water, and nutrients 
between crops and trees may sometimes reduce yields. Careful selection of tree and 
crop combinations can maximize overall productivity (Dwivedi, 2011). Additionally, 
integrating livestock with tree plantations has been shown to be more profitable than 
traditional cropping methods (Fig. 4.2).

Fig. 4.1: Wheat cropping under poplar plantation
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Support for Food and Nutrition Security
Despite significant advancements in reducing global hunger, over 800 million people 
still face chronic undernourishment. However, focusing solely on food quantity misses 
another crucial dimension of food security: the quality of nutrition. Micronutrient 
deficiencies, which affect approximately 2 billion people worldwide, especially women 
and children, remain a persistent issue.

A large proportion of the global poor reside in rural areas, with around 35% of 
rural populations living in extreme poverty, particularly in regions such as Africa and 
South Asia. Many of these individuals are subsistence farmers, pastoralists or landless 
agricultural workers. Those involved in commercial farming often depend on a single 
crop or commodity, making them vulnerable to price fluctuations. Moreover, low land 
and labor productivity limit their capacity to rise above poverty.

Agroforestry, which involves integrating trees with crops or pastures, can help combat 
hunger and malnutrition, especially in developing countries. Trees within agroforestry 
systems provide multiple benefits, including food, fuel, and non-wood products that can 
be consumed or sold. By incorporating trees into agricultural systems, rural communities 
can strengthen food security and enhance nutrition.

Agroforestry systems improve food and nutrition security in various ways:
1.	 Access to nutritious food: Trees that produce fruits, nuts, and edible leaves offer 

readily available sources of nutritious food.
2.	 Wood for fuel: Tree residues or wood can be used for cooking and heating, reducing 

the reliance on external energy sources.
3.	 Livestock forage: Trees provide feed for livestock, contributing to food security and 

animal productivity.
4.	 Water conservation: Agroforestry helps capture, filter, and store water, which is vital 

for both agricultural and household needs.
5.	 Medicinal plants: Many tree species in agroforestry systems offer natural remedies, 

supporting the health and well-being of rural populations.
Additionally, high-value, nutrient-rich crops, such as mushrooms, are being 

successfully cultivated under the canopy of managed forests and plantations, further 
boosting food security (Figs 4.3 and 4.4).

Fig. 4.2: Poultry farming under poplar plantation
(Courtesy: Mr Will Jackson)
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Support for Poverty Alleviation
Agroforestry has significant potential to help rural communities overcome poverty, 
largely by harnessing the economic value of tree products. It offers several pathways 
through which farmers and rural populations can improve their livelihoods:
1.	 Lower production costs: Agroforestry systems minimize the need for expensive 

inputs like chemical fertilizers, pesticides, and irrigation. By combining trees with 
crops and livestock, farmers can reduce their operational costs and boost productivity, 
leading to higher incomes for households. 

2.	 Higher-value products: The combination of agricultural and forest products within 
agroforestry systems offers higher-value items, such as fruits, nuts, timber, and 
medicinal plants. This enables farmers and foresters to earn a greater return on their 
labor and investments.

3.	 Creation of value chains: As farmers diversify their product offerings through 
agroforestry, there are opportunities to develop new value chains, such as processing 
and marketing tree-based products. This, in turn, can foster small-scale forest-based 
businesses and generate employment opportunities in rural areas.

4.	 Recognition of environmental services: Agroforestry provides valuable 
environmental services, including carbon sequestration, soil erosion control, and 
water management. Governments and institutions that recognize these benefits can 

Fig. 4.3: Paddy straw mushroom cultivation under coconut trees

Fig. 4.4: Paddy straw mushroom cultivation under sal trees
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provide financial incentives, creating additional income streams for both rural and 
urban communities.

Building Resilient Livelihoods
Agroforestry not only helps to improve economic outcomes but also builds resilience 
against climate change, natural disasters, and economic shocks. The integration of trees 
into farming systems provides various benefits that help safeguard livelihoods:
1.	 Diversification reduces risks: By incorporating trees alongside crops and livestock, 

agroforestry systems enhance farm diversity, reducing the risks associated with crop 
failure or fluctuating market prices. This diversification helps stabilize income over 
the long-term.

2.	 Soil and erosion control: The roots of trees help stabilize soil, improving its structure 
and preventing erosion. This is particularly important in areas prone to heavy rains 
or on sloped land where soil loss can be a serious issue.

3.	 Wind and erosion protection: Agroforestry systems, including windbreaks and 
shelterbelts, provide protection for crops and livestock from strong winds, reducing 
damage and preventing soil erosion caused by wind.

4.	 Water conservation: Trees play a critical role in managing water resources by 
promoting groundwater recharge, controlling water runoff, and preventing 
desertification. These water-regulating functions are vital in areas suffering from 
drought or land degradation.

Making Agriculture Climate-smart
Unsustainable farming practices, such as deforestation, excessive tilling, and overuse 
of fertilizers, contribute significantly to climate change. Agriculture and deforestation 
together account for approximately one-third of global greenhouse gas emissions, 
emphasizing the need for farming methods that integrate the ecological benefits of 
trees, crops, and livestock. In recent years, agroforestry has emerged as an important 
strategy for both mitigating and adapting to climate change. The United Nations 
Framework Convention on Climate Change (UNFCCC) has recognized agroforestry as 
a vital practice for addressing climate-related agricultural risks, with 40% of developing 
nations incorporating it into their climate change plans. Agroforestry combats climate 
change in two key ways: 
1.	 By capturing carbon from the atmosphere and 
2.	 By decreasing deforestation, restoring degraded lands, and enhancing biodiversity

Research indicates that agroforestry systems can store as much, or even more, organic 
carbon than natural forests. Trees are highly efficient in absorbing carbon for growth while 
improving soil quality by adding organic matter, which helps the soil retain more carbon. For 
instance, a multi-layered agroforestry system, resembling a natural forest, can sequester up to  
2.8 tons of carbon per acre annually. Incorporating trees into farming systems offers a 
variety of benefits for climate change mitigation, including:
1.	 Reducing deforestation: Growing wood products on farms reduces the need for 

clearing forests, helping to combat deforestation, which is a significant contributor 
to climate change.

2.	 Lowering fertilizer dependency: Agroforestry systems promote better soil nutrient 
management, reducing the need for chemical fertilizers, which are a major source of 
greenhouse gas emissions.
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3.	 Carbon sequestration: Trees in agroforestry systems play an important role in 
capturing carbon. For example, mature poplar trees can sequester 266 kg of carbon, 
while green ash and white spruce trees absorb 63 kg and 143 kg, respectively. The 
carbon stored in tree roots, which can make up 50–75% of the total carbon stored 
above ground, is also a significant contributor to climate change mitigation. Carbon 
sequestration data from agroforestry systems in India is provided in Table 4.1.

Table 4.1: Carbon sequestration in different agroforestry systems in India

Sl. 
No.

Agro-climatic 
zones Agroforestry system

Carbon 
sequestration 
potential (Mg C 
ha–1 year–1) References

  1. Western Himalayan 
Region

Agri-horticulture (Prunus 
armeniaca + Ocimum 
sanctum)

1.80 Handa et al. 
(2020)

(Prunus persica + Ocimum 
sanctum)

2.0

  2. Eastern Himalayan 
Region

Silvipasture (Morus alba + 
Setaria anceps grass)

1.55 Handa et al. 
(2020)

  3. Lower Gangetic 
Plains Region

Agrisilviculture (Eucalyptus 
tereticornis + rice-wheat)

10.7 Sirohi and 
Bnagrawa (2017)

  4. Middle Gangetic 
Plains Region

Agrisilviculture (Tectona 
grandis + sorghum/groundnut)

2.32 Handa et al. 
(2020)

  5. Upper Gangetic 
Plains Region

Agrisilviculture (Dalbergia sisso 
+ mustard)

2.83 Newaj et al. 
(2012)

  6. Trans-Gangetic 
plains Region

Agrisilviculture (Populus 
deltoides + wheat/potato/
turmeric)

9.12 Chavan et al. 
(2022)

  7. Eastern Plateau and 
Hills Region

Agrisilviculture (Albizia 
procera + wheat)

5.70 Newaj et al. 
(2012)

  8. Central Plateau and 
Hill Region

Agrisilviculture (Acacia + 
green gram-mustard)

3.70 Newaj et al. 
(2008)

  9. Western Plateau 
and Hills Region

Agrisilviculture (Ailanthus 
excelsa + cowpea-mustard)

9.64 Handa et al. 
(2019, 2020)

10. Southern Plateau 
and Hills Region

Silvipasture system (Leucaena 
leucocephala + Gliricidia 
sepium + Stylosanthes hamata)

23.2 Handa et al. 
(2019)

11. East Coast Plains 
and Hills region

Hortisilviculture (Acacia 
mangium + pineapple)

5.51 Handa et al. 
(2019)

12. Gujarat Plains and 
Hills Regions

Silvoaromatic (Melia dubia + 
lemon grass)

20–25 Jinger et al. 
(2022)

13. Western Dry Region Silvipasture system (Ailanthus 
+ Cenchrus ciliaris/Panicum 
antidotale)

9.64 Handa et al. 
(2020)

14. The Island Regions Hortipasture (Cocos nucifera + 
Calliandra calothyrsus)

3.50 Joy et al. (2019)
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4.	 Carbon-neutral fuel use: Agroforestry systems provide sustainable wood fuel that 
can be used for cooking and heating, helping to meet energy needs in a carbon-neutral 
manner. 

5.	 Enhanced resilience: Agroforestry provides shade and cooler conditions for crops 
and animals, helping maintain or even boost yields in the face of climate change, 
thus contributing to the overall resilience of agricultural systems.

Providing Solutions to Social Challenges
Rural populations often face extreme poverty and marginalization. The limited 
opportunities for a good quality of life in rural areas frequently lead to migration, with 
individuals or entire families moving to cities in search of better prospects. Women, who 
generally have less access to resources compared to men, are particularly vulnerable to 
land degradation and the impacts of natural disasters. This vulnerability is especially 
evident in households headed by women. Women are typically tasked with collecting 
firewood, a responsibility that can take up several hours each day. Indigenous peoples, 
although constituting 5% of the global population, represent about 15% of the world’s 
poor. To address these challenges, it is essential to improve conditions in rural areas 
and meet the specific needs of vulnerable groups. Agroforestry can play a significant 
role in addressing these issues, as outlined below.
1.	 Helping in gender equality: Women represent a large portion, and often the majority, 

of both agricultural and forest labor. Integrating trees into farming systems can offer 
numerous benefits for women, such as:
	± Saving time and effort: Women who are responsible for gathering firewood or fodder 

benefit from trees that are more accessible, saving them valuable time and energy.
	± Increasing income: By selling products like fruits, fodder or firewood from the trees, 

women can generate additional income and gain more financial independence.
	± Enhancing agricultural productivity: Since women often face barriers in accessing 

financial resources, agroforestry provides a low-cost method for restoring soil 
fertility and boosting agricultural production.

2.	 Preserving cultures: Agroforestry systems are often rooted in traditional land 
management practices and hold cultural and social significance. They can:
	± Preserve traditional practices: Collaboration with indigenous communities can help 

safeguard traditional agroforestry techniques while ensuring their sustainability 
and aligning with local cultural values.

	± Protect agricultural heritage: Maintaining indigenous species and farming methods 
contributes to the preservation of agricultural heritage for future generations.

	± Promote cultural diversity: Acknowledging and respecting indigenous agroforestry 
systems helps maintain cultural diversity and heritage.

	± Support rural communities: Agroforestry offers a pathway to sustainable livelihoods, 
contributing to the vibrancy of rural communities.

	± Foster spiritual connections: Planting species that hold spiritual significance can help 
sustain local belief systems and traditions.

Improvement of Soil Health
Agroforestry is widely recognized for its positive impact on soil productivity and 
environmental sustainability over the long-term. In tropical agroforestry systems, the 
integration of trees and nitrogen-fixing crops is a common practice that helps improve 
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soil fertility. Even trees that do not fix nitrogen contribute to soil health by adding 
significant organic matter both above and below the ground, and supporting nutrient 
cycling and release. While there is a substantial body of research highlighting the benefits 
of agroforestry on soils in tropical regions, similar studies in temperate regions are still 
relatively scarce.

Some well-documented benefits of agroforestry systems, supported by experimental 
evidence (Dwivedi, 2011), include: (i) reduction in soil and nutrient loss through 
decreased runoff; (ii) carbon addition and transformation through falling leaves, 
twigs, and bark; (iii) nitrogen enrichment via nitrogen-fixing trees and shrubs;  
(iv) improvement in soil physical conditions such as water retention, permeability, and 
drainage; (v) nutrient release and recycling through enhanced biochemical nutrient 
cycling; (vi) increased microbial activity and root biomass; (vii) moderation of soil acidity 
and alkalinity extremes; (viii) creation of favorable microclimates through windbreaks 
and shelterbelts; and (ix) lowering of water tables in areas with high water levels. Other 
potential benefits, still needing further research, include: (i) increased precipitation and 
nutrient addition; (ii) uptake of deep soil nutrients and their deposition on the surface 
via leaf litter; (iii) retention of nutrients typically lost through leaching; and (iv) enhanced 
water availability in arid and semi-arid areas by reducing surface evaporation.

The beneficial effects of trees on soil health are largely attributed to their roots, crowns, 
leaf litter, and nitrogen-fixing abilities, with the extent of these benefits depending on 
the tree density. Tree crowns help protect the soil by reducing raindrop impact and 
creating microclimates that support soil health. Additionally, leaf litter plays a key role 
in water absorption, minimizing surface runoff. Vegetated watersheds experience less 
erosion compared to agricultural lands, and water infiltration rates in forests are three 
to five times higher than in agricultural fields (Ghosh, 1974; Sinha, 1975).

While the nitrogen-fixing role of trees and shrubs in agroforestry systems is still 
under-explored, certain species have been found to fix between 50 to 500 kg of nitrogen 
per hectare. Agricultural soils often suffer from a lack of organic matter, but the 
decomposition of tree leaves creates humus, releases nutrients, and improves soil health. 
The nutrient content of tree leaf litter can range from 150 to 300 kg of nitrogen, 10 to 20 
kg of phosphorus, 75 to 150 kg of potassium, and 100 to 300 kg of calcium per hectare 
each year, which can help reduce dependence on fertilizers. Mycorrhizal associations 
formed by tree roots further enhance the uptake of nutrients and water while protecting 
against soil-borne diseases. Organic matter also promotes greater biochemical activity 
within the soil.

The benefits of windbreaks and shelterbelts, especially in arid and cold climates, 
are well-documented. These structures help prevent the movement of sand dunes and 
support soil improvement through afforestation. Trees are also effective in lowering the 
water table, providing drainage for waterlogged areas with high groundwater levels.

Studies have shown that forests can increase annual precipitation by 5 to 15 percent. In 
temperate regions, rainfall provides nutrients such as 1 to 10 kg of potassium, 3 to 19 kg of 
calcium, 4 to 11 kg of magnesium, 0.2 to 0.6 kg of phosphorus, and 0.8 to 4.9 kg of nitrogen 
annually (Ovington, 1965). This increase in precipitation benefits crops by improving 
nutrient availability. Additionally, trees with long taproots can recover nutrients lost 
through leaching, transporting them to the surface through leaf fall. The nutrients 
that are lost through runoff and leaching are replenished when trees absorb minerals 
from deeper soil layers and release them through decomposing litter (Vergara, 1982).  
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The shade cast by trees also reduces evaporation, which can lower the need for irrigation 
by up to 30 percent in certain cases (Sharma, 1988).

Enhancement of Air and Water Quality
Agroforestry systems, including windbreaks and shelterbelts, offer a range of 
environmental benefits. These systems provide protection for infrastructure, such as 
roads and buildings, from drifting snow, reduce wind chill in livestock areas, shield 
crops from extreme weather, and create habitats for wildlife. Additionally, agroforestry 
helps reduce atmospheric carbon dioxide while generating oxygen. By lowering wind 
speeds, these systems also limit wind erosion and the spread of airborne particulate 
matter. Moreover, agroforestry practices help mitigate noise pollution and manage 
odors from livestock operations.

Agroforestry also plays a significant role in improving water quality. In conventional 
farming, less than half of the nitrogen and phosphorus fertilizers used by crops are 
absorbed, with the excess nutrients often running off into water bodies or leaching 
into groundwater. This runoff can lead to water contamination, contributing to issues 
such as eutrophication in areas like the Gulf of Mexico. Agroforestry methods, such as 
riparian buffers, are increasingly recommended to reduce non-point source pollution 
from agricultural runoff. These buffers slow down runoff, encourage water infiltration, 
and facilitate sediment deposition while also helping to retain nutrients and prevent 
them from entering groundwater. Research has shown that vegetative buffers in 
agroforestry systems can significantly reduce pollution. For example, Lee et al. (2003) 
found that riparian buffer strips with trees in Iowa removed 20% more nutrients than 
buffers made with only switchgrass.

In agroforestry systems, trees with deep root systems contribute to groundwater 
quality by capturing excess nutrients that leach below the crop root zones. These 
nutrients are then recycled through root turnover and leaf litter, which improves nutrient 
use efficiency. Additionally, trees often have longer growing seasons than crops, allowing 
them to absorb nutrients before and after the main cropping period, further enhancing 
nutrient utilization. This “safety net” role of trees has been observed in both tropical and 
temperate climates. For example, in northwest Florida, a pecan-cotton alley cropping 
system showed a 72% reduction in nitrate-N levels at a depth of 0.9 meters compared 
to monoculture cotton (Allen et al., 2004). Similarly, in Florida’s silvipastoral systems, 
Nair et al. (2007) found that 20-year-old slash pine trees helped conserve soil nutrients 
and reduce nutrient runoff in both surface and subsurface waters.

Improvement of Biodiversity and Pollinators
The expansion of modern development and intensive agricultural practices, especially 
monoculture farming, has led to the displacement of numerous species, including birds, 
insects, amphibians, and mammals. This habitat loss is concerning as many of these 
species play vital roles in maintaining ecosystem health, and their absence often goes 
unnoticed until negative consequences are apparent.

Agroforestry practices, such as riparian buffers, windbreaks, and silvopasture, 
provide essential habitats, food, and shelter for a variety of beneficial species. Trees 
in these systems act as ecological corridors, linking fragmented habitats and allowing 
wildlife to move freely between them. For instance, up to 40% of forest-dwelling birds 
were observed in orchards nearby during the day. These corridors are particularly 
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critical for migratory species like the Monarch butterfly, which requires safe resting 
areas during its long journey.

There is growing recognition of the importance of agroforestry in conserving 
biodiversity in both tropical and temperate regions. Agroforestry helps conserve 
biodiversity in several key ways:
1.	 It offers habitats for species that can tolerate moderate disturbances.
2.	 It preserves the genetic material of vulnerable species.
3.	 It prevents further loss of natural habitats by providing more productive and 

sustainable alternatives to traditional farming, which often involves deforestation.
4.	 It creates ecological corridors that maintain the integrity of remaining habitats and 

support species that require larger spaces.
5.	 It provides vital ecosystem services, such as controlling erosion and replenishing 

water supplies, which helps prevent the degradation of surrounding areas.
Designing and managing agroforestry systems with biodiversity conservation in 

mind requires adopting less intensive farming methods to maximize the benefits to 
the environment.

Recent research has emphasized agroforestry’s role in enhancing biodiversity. For 
example, shade-grown coffee systems provide more diverse habitats than conventional 
farming. Similarly, multistrata cacao agroforestry systems, which incorporate timber, 
fruit, and native species, help maintain biodiversity by offering habitats for many 
species, improving landscape connectivity, and reducing the adverse effects of forest-
agriculture borders. Harvey et al. (2007) found that bat populations in cacao and banana 
agroforestry systems in Costa Rica were as rich and abundant as those in forests, with 
a higher presence of nectar-feeding bats. The bird populations in these agroforestry 
systems were also diverse, although there were fewer species dependent on forests and 
more that typically live in non-forest areas. These findings suggest that agroforestry, such 
as cacao and banana plantations, plays an important role in biodiversity conservation 
by providing habitats for a wide range of species, including those at risk.

Homegardens, a traditional form of agroforestry, are also known for their rich 
diversity of plant species. These systems often resemble natural forests in both structure 
and function. Kumar and Nair (2004) found that tropical homegardens have a wide 
variety of species, with species richness ranging from 27 in Sri Lanka to 602 in West Java. 
In Bangladesh, where natural forests cover less than 10%, homegardens are essential 
for biodiversity conservation. A survey in southwestern Bangladesh identified 419 
species in homegardens, 59% of which were native, including six species of conservation 
concern. Research by Nair and Sreedharan (1986) and Bhol et al. (2015) also highlighted 
the diversity of homegardens in coastal regions of India, such as Kerala and Odisha.

Agroforestry systems have also been shown to increase insect diversity. Windbreaks, 
for example, support higher insect densities and species diversity. Brandle et al. (2004) 
found that windbreaks supported more insect species and higher densities than other 
agricultural systems. The diverse structure of agroforestry system edges provides 
microhabitats and resources that cater to different insect life stages. Additionally, 
agroforestry systems increase plant diversity, providing more habitats for wildlife. 
Riparian buffers and windbreaks offer critical woody habitats in agricultural landscapes, 
supporting more bird species and higher diversity than monoculture fields. For instance, 
in Indiana, Gillespie et al. (1995) discovered that riparian buffers with trees supported 
more bird species compared to adjacent maize fields. Similarly, in Sweden, Soderstrom et 
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al. (2001) found that increasing the number of trees and shrubs in pastureland improved 
bird species richness due to a rise in insect diversity.

Agroforestry systems are also vital for supporting pollinators. By providing a variety 
of flowering plants that bloom at different times, agroforestry systems offer a continuous 
food source for pollinators, such as bees, butterflies, and other insects. This not only 
helps maintain biodiversity but also enhances the productivity of agroforestry crops.

Reduction of Need for Agrochemicals
Agroforestry systems enhance soil health, improve nutrient cycling, and modify the 
microclimate to support a variety of crops and livestock. The shade from tree canopies 
helps control weed growth, while organic matter from fallen leaves, branches, and bark 
forms mulch, promoting nutrient recycling in intercropping systems. Additionally, 
certain tree species, such as Mesquite and Redbud, can fix nitrogen from the atmosphere 
and make it available to other plants. These trees are often planted in alleys or on 
contours between crop rows to enrich the soil.

This natural nutrient cycle reduces the need for synthetic fertilizers, minimizing 
chemical runoff into the environment and reducing pollution. The increased biodiversity 
in agroforestry systems also provides a habitat for beneficial insects and wildlife, which 
naturally control pest populations. Birds, for instance, consume around 500 million tons 
of plant-eating insects annually, helping to regulate pest numbers. Research shows that 
agroforestry can reduce insect pest populations by 25% while increasing insect predator 
numbers by nearly 30% compared to conventional monoculture fields. Silvopasture 
systems, where livestock grazing behavior also helps protect trees, further reduce pest 
problems.

Support Industrial Growth
Agroforestry provides raw materials for various industries, including food, animal 
products, and tree-based goods. As natural forest resources dwindle, agroforestry 
presents a viable solution for supplying raw materials to tree-based industries. In India, 
for example, the cultivation of Populus deltoides and Eucalyptus hybrids has proven 
successful. Agroforestry systems can meet the raw material needs of industries like paper 
mills, furniture, and sports goods. In regions like Haryana, Punjab, and Uttar Pradesh, 
agroforestry products are used by industries to fulfil their material requirements. 
Eucalyptus hybrids, for instance, serve a variety of purposes, while poplar trees are used 
in match splints and plywood production.

Some industries have adopted buy-back guarantee schemes to ensure a steady supply 
of raw materials from farms. A similar initiative by the Paper Industries Corporation 
of the Philippines (PICOP) in the 1970s successfully created a reliable supply of raw 
materials while improving farmers’ socioeconomic conditions. India’s revised forest 
policy (1988) encourages industries to form partnerships with farmers, offering support 
such as technical assistance and credit to ensure a consistent material supply.

Creation of Job Opportunities
Agroforestry provides more employment opportunities than traditional mono
culture farming. It offers work during off-seasons, helping to address unemployment 
issues, particularly in countries like India, where millions enter the job market 
each year. Agroforestry systems create jobs in both crop management and tree care.  
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Forestry activities are labor-intensive, with tasks such as planting and maintaining 
plantations generating significant employment. For instance, plantations and 
nursery operations can generate 200–500 man-days per hectare, with an additional  
50–75 man-days per year for maintenance. Tree harvesting also generates around 
10–15 man-days per cubic meter of wood. In addition, agroforestry industries like 
pulp and paper, plywood, and furniture production create 10–20 times more jobs in 
secondary and tertiary sectors.

Support to Climbing Plants and Birds
In agroforestry systems, trees offer support for climbing plants, such as food crops, spices, 
and medicinal plants. Crops like Dioscorea, Piper, and Vanilla thrive when grown on 
trees, eliminating the need for expensive poles or supports (Figs 4.5 and 4.6). Additionally, 
trees provide perching spots for birds, which help control insect and rodent populations.

Enhancement of Work Environment
The presence of trees on farms makes the working environment more comfortable. They 
provide shade, helping workers stay cool and increasing work efficiency. Workers can 
also rest under the tree canopy during midday, and trees offer some protection from 
rain, improving overall conditions.

Fig. 4.5: Black pepper on silver oak trees with tea plantation

Fig. 4.6: Pepper vines on silver oak trees
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Positive Use of Shade
Certain crops, such as coffee, cacao, pineapple, and turmeric, thrive under tree shade. 
This is especially beneficial in areas with poor soil, excessive rainfall or extreme 
temperatures. Multi-layered agroforestry systems are commonly used to provide the 
necessary shade for these crops. The authors have observed better performance turmeric 
and pineapple crops under Ziziphus mauritiana based agroforestry system than open in 
Odisha, India (Fig. 4.7). Even these crops are performing satisfactorily under Eucalyptus 
urophylla plantations in costal Odisha (Fig. 4.8). 

Support to Stabilize Microclimates
Tree canopies in agroforestry systems help moderate temperature and moisture 
extremes. By shading the soil during the day, trees reduce the amount of solar radiation 
reaching the surface, while at night, they help retain heat, resulting in more stable 
temperature variations.

Production of Healthy Produces
Agroforestry systems, when well-integrated, reduce the need for chemical fertilizers, 
pesticides, and insecticides, leading to the production of organic products. Integrating 
dairy, poultry, fishery, and honey production into agroforestry systems creates more 

Fig. 4.7: Pineapple and turmeric crops under Ziziphus mauritiana

Fig. 4.8: Pineapple and turmeric crops under Eucalyptus urophylla
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sustainable farming practices. Organic products often fetch higher prices in the market 
compared to conventionally grown products.

Enhancement of Aesthetic Value
Agroforestry systems contribute to the aesthetic value of an area by introducing 
diverse, multi-purpose trees that provide scenic views throughout the year. The 
changing flowers, fruits, and bird species, along with butterflies and honeybees, 
create a beautiful and natural environment. This can help promote ecotourism and 
recreational activities, providing economic benefits. Agroforestry practices such as 
landscaping, integrated farming, and organic food production further enhance the 
area’s appeal.

Reduction of Human Casualities
Climate change is increasing the frequency and intensity of lightning in tropical areas 
due to which causalities of human beings is increasing day by day. Between 2000 and 
2021, over 49,000 people have died from lightning strikes across India (Khan, 2023). 
The government of Odisha (India) has initiated a special planting of palmyra palm 
(Borassus flabellifer) trees on farm bunds to check human causalities by lightning (Fig. 
4.9). It is believed that palmyra palm attracts lightning due to its height and moisture 
content and saves people. This is an economic species found growing throughout the 
tropics and is very compatible with agricultural crops on farm bunds. Bhol et al. (2022) 
have reported that Borassus flabellifer is the most resistant tree to extremely severe 
cyclones on the east coast of India and is a climate-resilient tree species (Fig. 4.10). 

Prevention of Forest Degradation
Agroforestry helps reduce pressure on natural forests by providing a sustainable 
source of wood and non-wood products. Trees grown on farmland allow crops to be 
cultivated simultaneously, preventing the need for deforestation. Agroforestry systems 
offer numerous benefits, such as improving soil fertility, increasing crop yields, and 
generating income. Farmers also save time and money by sourcing firewood from 
their own land, reducing the need to enter forests for fuelwood and other products. 
This helps protect forests from degradation caused by overharvesting.

Fig. 4.9: Borassus flabellifer on paddy field



30 Theory and Practice of Agroforestry

DISADVANTAGES OF AGROFORESTRY
While agroforestry offers numerous advantages, there are several challenges that farmers 
must take into account. The complexity of combining trees, crops, and livestock in a 
single farming system can lead to unpredictable outcomes, and what works on one farm 
might not work on another. Understanding these potential drawbacks is essential to 
avoid negative consequences. Here are some of the key disadvantages of agroforestry:

Resource Competition
Trees can compete with crops for key resources like water, nutrients, sunlight, and 
space, which may reduce crop yields. To minimize this competition, selecting deep-
rooted tree species that do not share the same soil layers as shallow-rooted crops can 
be beneficial. Additionally, the tree canopy can create shade, requiring the use of crops 
that can tolerate lower light levels. In dry areas, tree growth may lead to reduced soil 
moisture, especially if an excessive number of trees are planted or if unsuitable species 
are chosen. Applying fertilizers near crops and selecting deep-rooted trees can help 
manage this issue.

Slow Return on Investment
One of the primary disadvantages for farmers growing trees and shrubs for commercial 
purposes is the extended time required before economic benefits are realized. For 
smallholder farmers, this delay can be problematic, especially if their livelihoods 
depend on annual crops. The lack of immediate income may push them to prioritize 
cash crops or other income-generating activities. Furthermore, market price fluctuations 
for agroforestry products make long-term investments risky, as prices may decrease by 
the time the trees are ready to be harvested.

Challenges with Farm Mechanization
Agroforestry systems can make farm mechanization difficult, particularly if the 
spacing between trees is irregular or alleys are too narrow for machinery. This can 
make it challenging to operate tractors and other equipment effectively. Planning for 
adequate alley widths and pruning trees can help mitigate these issues and improve 
mechanization efficiency.

Fig. 4.10: Resiliency of Borassus flabellifer to extremely severe cyclone
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Labor-intensive Management
Agroforestry systems require considerable labour and expertise to thrive. The presence 
of trees among crops complicates farm management, making full mechanization 
impossible. Trees require ongoing maintenance, including regular pruning, thinning, 
and protection from pests and diseases. Managing these tasks is labor-intensive but 
can create employment opportunities. Ensuring that trees have adequate spacing for 
healthy growth and development adds to the labor burden, especially when trees are 
young and require irrigation and fertilization.

Risk of Mechanical Damage
Farming operations like planting, cultivation, and harvesting can cause mechanical 
damage to both crops and trees in agroforestry systems. This issue is particularly 
prominent in the early stages of tree growth and increases as trees mature, requiring 
thinning and pruning. Such damage can affect both tree health and the yield of 
associated crops.

Damage by Livestock
When animals are integrated into agroforestry systems, they can harm both trees and 
crops, especially if the trees are palatable to livestock. This issue is less of a concern once 
trees grow beyond the reach of grazing animals. In systems where livestock are kept in 
stalls, the problem is minimized, but free-range grazing can be problematic. Protecting 
trees with guards or barriers can prevent such damage.

Market Challenges
One reason why many farmers hesitate to adopt agroforestry is the lack of well-
structured markets for tree products. Many agroforestry products are not commonly 
traded, making it difficult for farmers to find buyers or get information about market 
trends. This leads to uncertainty, price fluctuations, and the risk of not being able to sell 
their products. For example, wood products often require special permits due to forest 
regulations, making the sales process more complicated. In some regions, however, 
such as northern India, these regulations have been eased, which makes it easier for 
farmers to sell certain tree products.

Limited Legal Support
Despite the recognized benefits of agroforestry, legal and policy support for this farming 
method remains inadequate. Agroforestry, which combines forestry and agriculture, 
does not easily qualify for subsidies or support from either sector. Because of its 
complex nature, agroforestry requires policies specifically designed to address the 
unique needs of this system. While some countries, like India, have begun to develop 
agroforestry policies, many others have not yet provided the necessary legal frameworks 
or incentives.

Invasive Species and Hosts of Pests
The choice of tree species is crucial to the success of an agroforestry system. Some 
species can harbor pests or provide habitats for animals that damage crops. Additionally, 
some introduced species can become invasive and outcompete native vegetation. For 
example, the tree Leucaena leucocephala is versatile but can become an invasive species 
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if not carefully managed. Such issues can disrupt the agroforestry system and require 
careful species selection to avoid unwanted consequences.

Knowledge and Expertise Required
Agroforestry is a complex system that requires significant knowledge to implement 
successfully. Farmers must understand the compatibility of various tree, crop, and 
animal species and how they will interact in the long-term. This can be especially 
challenging for smallholder farmers who may lack the necessary experience. Since 
agroforestry involves long-term investments, many farmers may lack the expertise to 
manage trees over many years, often learning through trial and error.

Allelopathy
Some tree species release chemicals that can inhibit the growth of other plants, a 
phenomenon known as allelopathy. For example, eucalyptus and neem trees can release 
toxic substances that negatively impact the growth of certain crops. While allelopathy is 
limited to specific species, more research is needed to fully understand these interactions 
and find ways to mitigate negative effects on crops.

Limited Extension Services
In many countries, specialized extension services for agroforestry are not well-
developed. While agriculture, animal husbandry, and forestry each have established 
support systems, agroforestry is often overlooked. This lack of specialized support 
makes it difficult for farmers to obtain the necessary guidance, information, and 
resources to implement agroforestry practices effectively.

Insufficient Research Support
Agroforestry research is still limited, with few institutions dedicated to studying its 
challenges or developing new solutions. As a result, many farmers lack access to the 
latest information and technologies that could improve the efficiency and sustainability 
of agroforestry systems. This research gap makes it harder to address the evolving needs 
of agroforestry practitioners.

While agroforestry can be a highly beneficial approach when properly managed, it 
is essential for farmers to be aware of its potential challenges. Careful planning, expert 
advice, and thorough research can help mitigate these disadvantages and enable 
successful implementation.

MAJOR CHALLENGES FOR AGROFORESTRY
Although agroforestry is increasingly recognized for its many advantages, its widespread 
adoption still faces several challenges. The following are the major challenges for the 
wider adoption of agroforestry. 

Delayed Returns on Investment
While agroforestry can provide long-term financial benefits, the initial setup costs are 
often high, and profits may take years to materialize (Jose and Dollinger, 2019). However, 
incorporating suitable intercrops, fruit trees, short-rotation clones, and livestock can 
speed up returns.
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Underdeveloped Markets
Markets for tree-based products are often less efficient and established compared to 
those for crops and livestock, leaving agroforestry value chains with limited market 
support. The availability of minimum support price (MSP) for forest products is also 
minimal. Promoting forest- and wood-based industries could help develop these 
markets.

Focus on Commercial Agriculture
Current agricultural policies often prioritize conventional models, like monoculture 
systems, offering incentives that overlook agroforestry. Support mechanisms, such as 
price controls and favorable credit terms, generally do not extend to tree cultivation, 
making it difficult for farmers to adopt agroforestry. Providing financial incentives, 
including low-interest loans, income tax deductions for tree farming, subsidies, free 
seedlings, and technical and financial support for agroforestry entrepreneurs, could 
foster greater adoption.

Limited Awareness of Agroforestry Benefits
Traditional farming methods and a lack of understanding of sustainable practices 
reduce policymakers’ interest in agroforestry. This results in insufficient allocation of 
resources for research, education, and quality planting materials, all of which hinder 
agroforestry’s adoption (Akinyemi and Odugbesan, 2020).

Unclear Land and Tree Resource Status
Uncertainty over land tenure can discourage long-term investments in agroforestry 
(Tschakert and Tutu, 2010). In many developing countries, unclear land rights can create 
confusion and deter farmers from implementing agroforestry systems. Additionally, 
strict forest regulations may limit tree planting on agricultural land.

Adverse Regulations
A lack of supportive policies for agroforestry can hinder its adoption (Zomer et al., 2014). 
Farmers face challenges when it comes to tree cutting and transportation. Agricultural 
policies often favour large-scale, conventional methods, creating barriers to agroforestry 
initiatives. Even when policies are supportive, bureaucratic hurdles can complicate 
their implementation.

Competition for Resources
Trees can compete with annual crops for essential resources like nutrients, light, and 
moisture, potentially reducing crop yields (Ong and Huxley, 1996). However, selecting 
deep-rooted tree species can help reduce this competition by minimizing the overlap 
with shallow-rooted crops.

Invasive Species and Pest Hosts
Choosing the right tree species is critical to the success of agroforestry systems. Some 
trees may host pests or provide habitats for animals that damage crops, creating new 
challenges for pest management.
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Lack of Extension Services
Many countries lack specialized extension services for agroforestry, limiting farmer’s 
access to technical knowledge and market support. While extension services for 
agriculture, livestock, and forestry exist, agroforestry often lacks dedicated resources.

Coordination Challenges among Sectors
Agroforestry spans multiple sectors, including agriculture, forestry, livestock, 
and rural development. This complexity can lead to policy conflicts and gaps, as 
different departments may fail to coordinate effectively, hindering agroforestry’s 
development.

These challenges highlight the complexities involved in implementing agroforestry 
systems and emphasize the need for integrated, multidisciplinary approaches to 
overcome them.
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