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1 Introduction

Traditionally crop production has predominantly occurred in symbiosis with the

environment. However, with the commencement of green revolution in late 60s, the

emphasis shifted toward large open fields dedicated predominantly to monocropping,

with the primary objective of augmenting crop productivity in the agriculture sector.

Over time, the global populace grapples with a nexus of pressing environmental concerns,

encompassing overexploitation of natural resources, biodiversity loss, land degradation,

unsustainable agricultural practices, climate change, and heightened risks at the interface

of environment and human health (Verma et al., 2023b). Amidst the current era of

uncertainties, there has been a significant change in the perspective of researchers, farmers

and policymakers by recognizing the extensive and consequential impacts that trees

may have on agricultural environments. Nevertheless, there is a growing recognition of

the multifaceted effects that trees can impart upon agricultural landscapes leading to

a paradigm shift. The ongoing debate on incorporating trees in agroecosystems brings

up important considerations pertaining to sustainability, biodiversity, and the delicate

equilibrium between optimizing crop production and safeguarding the environment.

Consequently, a burgeoning interest in examining and reassessing the significance of trees

within agroecosystems.

2 Benefits of trees in agroecosystem

The trees in agroecosystems are posited as a potential strategy to sustain biodiversity

and its concomitant ecosystem services in the agricultural areas. Globally over 40 per cent

of agricultural lands have tree cover exceeding 10 per cent (Zomer et al., 2014), which

is widespread among smallholder farmers and crucial for sustaining rural livelihoods.

Simultaneously, incorporating trees in the farmlands is imperative for bolstering

agroecosystem resilience and addressing ecological and biodiversity concerns. This

integration serves as a crucial component in providing diverse ecosystem services through

economically efficient land utilization, comparable to those observed in neighboring forests

(Figure 1). This involves obtaining provisioning services from both trees (fruit, fodder,

construction material, medicinal plants and fuelwood for cooking) and crop yields from

the same piece of land, which ultimately contribute to their food and livelihood security

(Sharma et al., 2023). Generally, trees on farmlands function as a metaphorical ’living

savings account’ for smallholder farmers, amenable to selective harvesting during periods

of pronounced financial exigencies. Moreover, the trees on the farmland are known to

provide various environmental services, including helping to moderate microclimatic
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FIGURE 1

The benefits and constraints of trees in agroecosystem for attaining equilibrium to minimize competition and optimize the e�ective utilization of land

for various ecosystem services.

fluctuations, resulting inmore consistent environmental conditions

for understory species and preventing heat-related strain (Ivezić

et al., 2021), soil enrichment using leaf litter and better nutrient

dynamics (Bhardwaj et al., 2023a,b; Sharma et al., 2023).

Additionally trees also contribute to the reduction of crop pests

and diseases incidences (Pumariño et al., 2015), reduction of soil

erosion, pollination services, nitrogen-fixing (Miller et al., 2020),

biodiversity conservation (Jose, 2012), regulating biogeochemical

cycles (Mbow et al., 2014), climate change adaptation and

mitigation through sequestrating carbon (Verma et al., 2023a,b),

reducing emission of greenhouse gases (Kim et al., 2016) and

reducing threats and enhancing resilience (Schoeneberger et al.,

2012; Verma et al., 2021). For instance, planting trees on farmlands

can decrease the amount of pesticides and nutrients that seep into

groundwater aquifers by 60–90 per cent (Borin et al., 2005). In

several African nations, trees grown on farms accounted for about

17 per cent of the annual gross revenue of households involved

in tree cultivation (Miller et al., 2017). Simultaneously, trees can

decrease vulnerability to external shocks, including those associated

with financial constraints, market volatility, food scarcity, and

climate change (Miller et al., 2020). Concurrently, the promotion of

planting trees on the farmlands is also acknowledged by numerous

as a vital strategy for the execution of forest restoration operations

(Miller et al., 2017; Panwar et al., 2022), including a crucial

role in attaining Sustainable Development Goals (SDGs) due to

their support in various essential environmental aspects (Mbow

et al., 2014). Overall, integrating trees into an agroecosystem is

an innovative approach to enhancing sustainability and addressing

climate change and biodiversity conservation, ultimately improving

farmers’ food and nutrition security.

3 Challenges and trade-o�s

Planting trees on the farmlands has the potential to enhance

conservation efforts compared to monocultural agriculture.

However, to leverage this potential effectively, a nuanced

consideration of specific methodologies is imperative. Given

that substituting one tree ecosystem with another, such as

replacing Dehesas [tree layer consists of an open landscape

resembling a savannah, primarily characterized by the presence of

Mediterranean evergreen oaks, including the holm oak (Quercus

ilex)] with grazed Eucalyptus plantations, can result in a significant

decrease in valuable species. Thus, meticulous planning of

such systems becomes paramount to maximize their potential

benefits (Nerlich et al., 2013), while emphasizing the need to

avoid planting inappropriate tree species in unsuitable areas

to prevent counterproductive outcomes. Moreover, challenges

emerge in the form of the inherent competition between crops

and trees for resources in agroecosystems, both in aerial and

subterranean domains. Instances reveal a decline in annual yield

of agricultural crops by up to 2.6 per cent in alley cropping

during the initial 21 years of tree stand development, owing

to trees becoming more competitive with age, resulting in a

reduction in agricultural production (Ivezić et al., 2021). The

competition for nutrients, water and light serves as the primary

factors that regulate plant development and determine agricultural

yields in tree-based systems. In addition, the trees found on

agricultural fields may have negative impacts, such as allelopathy—

a phenomenon characterized by the inhibition of neighboring

plant germination caused by root exudates and leaf litter from

trees (Garima et al., 2021). Further complexities arise with trees
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influencing pests within agroecosystems, either directly providing

resources or altering microclimates and indirectly affecting pests

by enhancing nutritional conditions or water availability for host

plants (Pumariño et al., 2015). Therefore, the selected tree species

must not function as pests in agriculture or as intermediary hosts

for other pests. Somehow, farmers also exhibit reluctance to adopt

agroforestry systems as a means of safeguarding against issues

with their existing system, possibly due to the fact that planting

trees entails substantial upfront costs, with the benefits being

realized at a later stage. Unfortunately, the significant impact of

trees on farms on the lives of farmers is frequently overlooked on

international platforms, indicating a lack of government attention

toward the “Cinderella species” that play a crucial role in providing

rural families with a wide range of common goods especially in

underdeveloped countries (Miller et al., 2020).

4 Finding a balance

In order to effectively find a balance between the trees and crops

in agroecosystems (Figure 1), it is vital to adopt a comprehensive

and site-specific approach. It optimizes the synergies between

trees and crops while minimizing potential trade-offs, recognizing

that the benefits trees bring, such as improved soil structure and

biodiversity, need to be strategically balanced against potential

competition for resources. The crux of effective tree cultivation

is encapsulated in the meticulous implementation of the 5R

approach, necessitating the selection of the appropriate tree species

(Right tree), strategic placement in an optimal environment

(Right Place), alignment with a specific purpose (Right purpose),

temporal synchronization with the optimal season (Right time),

and meticulous adherence to scientifically validated techniques

(Right techniques). Thus, the first step should be to meticulously

choose tree species that can meet local priorities and biophysical

conditions while also taking into account the unique requirements

of the crops. Given that no species can be classified as “bad,”

“good,” or “perfect,” it is crucial to discover the most appropriate

combinations of trees and agricultural crops in order to achieve

the numerous benefits of this system (Ollinaho and Kröger, 2021;

Zhang et al., 2023). Since by selecting the tree species with

appropriate architecture and implementing effective management

techniques, it is possible to reduce the competition and optimize

the use of growth resources, thereby facilitating climate-smart

goals while attaining desired social and environmental advantages

(Mbow et al., 2014). Nevertheless, it is crucial to bear in mind

that appearances can be deceiving. Recently, there has been a

surge of interest in fast-growing tree species in farmlands because

of their capacity to fulfill industrial requirements and offer early

remunerative. However, a 5-year-old poplar tree, which is a fast-

growing species, will offer a much greater amount of shade in

comparison to a slow-growing species like walnut (Ivezić et al.,

2021). Undoubtedly, the inclusion of trees in agroecosystems

offers a multitude of advantages, and countries are increasingly

acknowledging their value. As an example, India’s commitment to

the Paris Agreement includes increasing tree and forest cover to

one-third of its geographical area by 2030 to meet international

obligations but also creates a substantial carbon sink, intending

to absorb 2.5–3 billion t CO2 equivalent (Panwar et al., 2022;

Sharma et al., 2023). Simultaneously, it is crucial to foster

awareness and education among farmers. Gaining knowledge

about the environmental advantages of trees and offering rewards,

such as payments for ecosystem services, for implementing

sustainable tree-based systems can facilitate the transition from

conventional farming practices to more environmentally robust

alternative systems.

5 Conclusion

The debate surrounding the integration of trees in

agroecosystems is intricate, touching upon environmental,

economic, and social dimensions. Undoubtedly, the integration

of trees into agroecosystems holds considerable potential to yield

myriad benefits for farmers including addressing imperatives

of food security and climate change mitigation. Nevertheless, it

is imperative to acknowledge that the inadvertent selection of

inappropriate tree species, including quality planting material,

improper placement, and mismanagement can precipitate adverse

consequences for farmers. Therefore, there exists a compelling

need for the advocacy and promotion of the 5R approach to

guide judicious decision-making in tree integration within

agroecosystems and the seamless integration of these practices

into the socio-economic fabric of rural communities. Striking

the right balance between crop productivity and environmental

sustainability requires collaborative efforts encompassing scientists,

policymakers, and farmers. Consequently, in navigating the

dichotomy of trees in agroecosystems, it is imperative to view

it not as a binary perspective but as an opportunity to foster a

resilient and harmonious coexistence between agriculture and the

natural environment.
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