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Sustainable Intensification in Agriculture: A Review of Focus Areas, Approaches, and Constraints
Abstract:- 
The necessity to feed a growing population, coupled with the limited availability of arable land and the need to preserve natural resources, raises the need for Sustainable Intensification (SI) in agriculture. Over the past two decades, the use of SI in research and policy has grown significantly in response to these challenges.SI consists of a wide range of practices and this study reviews Sustainable Intensification (SI) in Agriculture by analysing   previously developed conceptual framework that identifies four key focus areas: land use, structural optimization, farm-level strategies, and regional approaches. To clearly understand the concept and to identify potential development paths, SI needs research combining several academic disciplines, such as agricultural science, ecology, economics, and rural studies. This review evaluates different farming systems contributing to SI, such as mixed crop-livestock systems, organic farming, conservation agriculture, climate-smart agriculture, smart farming, and the System of Rice Intensification. Additionally, the review explores SI from multiple disciplinary perspectives, examining its application from plant and field levels to landscape, regional, and global scales. It highlights SI’s benefits in boosting productivity, resilience, and resource efficiency while addressing environmental concerns. However, challenges such as unclear theoretical foundations, economic and institutional barriers, and criticisms of SI’s true impact remain. To overcome these, the review emphasizes the need for integrated food system strategies, improved infrastructure, and stronger policies. Future research should address theoretical gaps and promote inclusive, context-specific SI approaches. This is paper is an umbrella review that seeks to define SI by examining its concept, key contributors, influencing factors, constraints and priority research areas.
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INTRODUCTION
The global population is projected to reach 8.5 billion by 2030, 9.7 billion by 2050, and 10.4 billion by 2100 (United Nations, 2022). Simultaneously, global food demand is expected to rise by 100–110% by 2050, based on trends since 2005 (Tilman et al., 2011). This dual challenge of feeding an expanding global population while minimizing environmental impacts represents one of the most pressing issues of our time (Peterson & Snapp, 2015).
Human activity has profoundly reshaped the Earth, leading to a new geological epoch known as the Anthropocene, characterized by significant anthropogenic impacts on planetary systems. Agriculture lies at the center of this issue: it is a primary driver of global environmental change and is, in turn, highly vulnerable to these changes (Rockström et al., 2017). According to the Food and Agriculture Organization (FAO, 2019), if current trends in population growth and food consumption persist, the world will require 60% more food by 2050 than is available today. Given the limited availability of arable land, achieving this increase in food production will necessitate sustainable agricultural intensification (SI).
Over the past two decades, the concept of SI has gained prominence in both scientific literature and policy discourse. It is a central element of the United Nations Sustainable Development Goal 2: Zero Hunger, which emphasizes the importance of eradicating hunger while promoting sustainable agricultural practices (Berg, 2018). Despite extensive research, Sustainable Intensification (SI) lacks a clear definition, resulting in inconsistencies in its conceptualization and implementation. This review aims to enhance the understanding of SI by exploring its core concept, identifying the various contributors to its success, examining the factors influencing its adoption, and highlighting key areas that require further attention and research. This paper explores the focus areas, approaches, and constraints of SI to address these pressing global challenges.
The concept of Sustainable Intensification (SI)
Sustainable intensification has been a subject of research since the early 1980s. One of the earliest definitions was proposed by Pretty et al. (1997, as cited in Lyu et al., 2021), describing SI as the "substantial growth of yields in currently unimproved or degraded areas while at the same time protecting or even regenerating natural resources." Later, the Royal Society (Baulcombe et al., 2009) expanded on this, defining SI as a requirement for global agriculture where "yields are increased without adverse environmental impact and without the cultivation of more land." The Food and Agriculture Organization (FAO, 2011) offered another widely cited definition: "producing more from the same area of land while reducing negative environmental impacts and increasing contributions to natural capital and the flow of environmental services."
The significance of SI in contemporary discussions is grounded in three core assumptions about agricultural production and food security:
1. To meet the needs of a growing population, global food production must increase significantly in the coming decades.
2. Expansion of cultivable or arable land is no longer a feasible option.
3. To safeguard the natural capital upon which agriculture depends, agricultural practices must become more sustainable and resource-efficient (Cook et al., 2015).
Over time, the concept of SI has evolved to include additional dimensions, broadening its scope to encompass social and economic factors. These include social equity, nutrition, rural development, economic sustainability of agriculture, and overall societal well-being. Moreover, the multifunctionality of agricultural systems has been increasingly recognized, incorporating a variety of outputs such as food and non-food products as well as ecosystem services (Mouratiadou et al., 2021). This evolution reflects the dynamic nature of SI, making it a more holistic framework for addressing contemporary challenges in agriculture and food security. 
Sustainable Intensification, Ecological Intensification, and Agroecological Intensification
Wezel et al. (2015) examined the distinctions and overlaps between three major intensification concepts: Sustainable Intensification (SI), Ecological Intensification (EI), and Agroecological Intensification (AEI). Their analysis highlights significant similarities in definitions, principles, and practices, which often lead to confusion in interpretation and implementation. These concepts, while unified by the goal of increasing productivity with reduced environmental impacts, differ in their approaches and scope. The distinctions as described by Wezel et al. (2015) are as follows:
Sustainable Intensification (SI):
The primary goal of SI is to increase agricultural output while minimizing adverse environmental effects. This involves significant yield growth coupled with the preservation of natural resources. Key principles include:
· Managing inputs judiciously to maintain system integrity.
· Leveraging human, social, and natural capital alongside environmentally friendly technologies.
· Producing more on the same amount of land while enhancing contributions to natural capital and ecosystem services.
SI permits the use of external inputs, provided they are applied sustainably and with minimal environmental harm. It seeks to balance economic returns, social well-being, and environmental integrity, making it a flexible framework that can integrate diverse farming systems.
Ecological Intensification (EI):
Ecological Intensification emphasizes leveraging ecological processes to improve food production while minimizing environmental damage. Its principles include:
· Enhancing resource-use efficiency and effectiveness.
· Utilizing ecosystem functions for nutrient cycling, biodiversity preservation, and pest control.
· Increasing resilience to challenges like water scarcity and climate change through diversified crop breeding and management practices.
EI aligns closely with natural ecosystem functions, prioritizing biodiversity preservation and minimal reliance on synthetic inputs. It seeks to enhance the ecological integrity of agricultural landscapes.
Agroecological Intensification (AEI):
AEI aims to integrate ecological principles into agricultural systems to enhance the productivity of biotic and abiotic components. Its key features are:
· Reducing reliance on external inputs by fostering ecological functions.
· Preserving functional biodiversity and minimizing environmental costs.
· Focusing on local conditions, socio-economic realities, and cultural factors, including gender dynamics, to improve resilience and reduces risks.
AEI goes beyond EI by embedding ecological principles directly into farming practices and emphasizing local adaptability. It strongly prioritizes soil health, functional biodiversity, and sustainable ecosystem services.
While all three concepts share the goal of increasing productivity while reducing environmental impact, their approaches diverge significantly:
· SI allows for the controlled use of external inputs as part of its framework, focusing on sustainable and efficient production practices.
· EI minimizes reliance on external inputs and emphasizes natural ecosystem functions to maintain resource efficiency.
· AEI integrates ecological principles directly into the agricultural system, adapting to local conditions and fostering biodiversity and socio-economic considerations.
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Fig 1: Diagram showing keywords associated with ecological, sustainable, and agroecological intensification concepts. At the top, it identifies shared keywords relevant to both ecological and sustainable intensification. The middle section introduces terms specific to either ecological or sustainable intensification,as found in various publications. Finally, the bottom section showcases additional keywords unique to agroecological intensification, reflecting its distinct features.Source:- Wezel et al.(2015).

PRINCIPLES OF SUSTAINABLE INTENSIFICATION
The core principles of SI can be narrowed down to sustainability-meeting the current needs without compromising the capacity of future generation to satisfy their own needs, limited land conversion, resource use efficiency and  prioritizing improvement on total factor productivity. Emphasis on yield gap closure, which is reducing the yield gap between actual and potential crop yields on existing farmland while minimizing environmental harm  is also an important aspect (Berg, 2018).
Pretty and Bharucha (2014) state that agricultural system that follows certain principles distinguishes it from conventional system. The principles are:Utilizing crop varieties and livestock breeds that are productive yet resource-efficient. Avoiding unnecessary dependency on external outputs. Making use of agroecological phenomenon like nutrient cycling, nitrogen fixation, and natural pest control. Avoiding or limiting usage of technologies and practices that causes negative impact to the environment and human health. Investing more on human capital through enhancing knowledge and capacity building to increase adaptability and innovativeness. Reducing impact on externalities like water quality, biodiversity and carbon sequestration and focusing on reduced greenhouse gases emission and spread of pests and pathogens. These principles eventually lead to a sustainable production system.   
Fields of Action for Sustainable Intensification: A Conceptual Framework
Weltin et al. (2018) developed a comprehensive conceptual framework for Sustainable Intensification (SI), drawing insights from  a systematic review of 349 international literature sources spanning 20 years of SI research. Their framework identifies four distinct fields of action, which encompass key practices in SI and address its diverse activity scope and spatial scales. The analysis of the selected papers was structured into three taxonomic layers to examine the practical implementation of SI. The first layer focused on specific SI practices derived from the abstracts and conclusions of the articles. These diverse practices were grouped into similar bundles, forming the second layer called general SI approaches. The third layer categorized these approaches into four Fields of action (FoA) based on two dimensions: spatial scale and activity scope. This framework provided a systematic and organized method to  analyse and interpret the implementation of SI
The fields of action are categorized along two key dimensions:
1. Activity Scope of SI: Actions range from targeted land-use practices to broader structural optimization strategies aimed at enhancing agricultural productivity and sustainability.
2. Spatial Scale of SI: Interventions are applied across varying scales, from individual farms to broader regional and landscape levels, recognizing the interconnectedness of agricultural and ecological systems.
By integrating these dimensions, the framework provides a holistic view of how SI can be implemented to balance productivity, environmental health, and social equity. This structured approach is instrumental in guiding both research and practice, ensuring that SI principles are applied effectively across diverse contexts.
· Spatial Scale of SI: Farm  and Landscape Level 
SI approaches are dependent on the scale of implementation. Some practices are largely confined to the field and farm level; these practices are mostly connected to agronomy and input efficiency. The farm system is the unit for which processes and outputs are optimized in certain SI methods. On farms, SI techniques are typically applied by means of individual innovative changes like new varieties, cropping patterns, or agriculture management technologies. Public policies, environmental rules and standards, and regular agricultural extension services all encourage SI practices at the farm level. Other agricultural practices demand for taking factors beyond the farm level into account.  The levels of the ecological and human systems these practices involve will determine how they are implemented and what kind of effects they have. These scales typically appear at the regional, landscape, or watershed.
Activity scope of SI: Land Use Optimization  and Structural Optimization
SI literature covers practices in two main areas: land-use and structural aspects. Land-use practices address agricultural   issues like cultivation and livestock rearing, while structural aspects focus on strategic planning, resource use, and interactions beyond the farm. SI involves adopting environmentally effective methods, such as precision farming and crop-livestock integration, and making site-specific land-use decisions. SI practices often integrate both land-use and structural optimization, with approaches like precision farming exemplifying this balance.


Fields Of Action
Four fields of action (FoA) are established by combining the two aspects of spatial scale and activity scope of SI. The fields of action are Agronomic development (Field of Action I), Resource use efficiency (Field of Action II), Land use allocation (Field of Action III), and Regional integration (Field of Action IV)
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Fig 2: The conceptual framework of SI outlines various Fields of Action (FoA) and associated SI approaches, as identified in the 349 selected articles. Each article may discuss multiple SI approaches. The frequency of each approach and its proportion within a specific FoA are indicated in parentheses, with box sizes reflecting these proportions. Source: Weltin et al.(2018).
· FoA-I: Agronomic Development
It focuses on agronomic practices for increasing crop yield and quality, land productivity, livestock productivity and sustainability goals. Key strategies include optimizing cultivation methods to enhance productivity, crop yields, and sustainability. It focuses on adapted cropping, which includes practices like crop rotations, intercropping, and mixed cultures. Novel practices like precision farming, utilizing site-specific information and technology, is highly important  to modern agronomic solutions and applicable to both conventional and organic farming. Other key practices include use of biotechnology and genetic engineering  as they improve crop yields and resistance along with crop management practices such as tillage for soil conservation within a particular crop management system.
· FoA-II: Resource Use Efficiency
In this, focus is on practices for optimizing the use of ecological, chemical, and human resources to minimize agricultural expenses and environmental impacts. Key topics include optimal and efficient use of resources focused on fertilizers, residues, and water. Strategies involve improving fertilizer efficiency, managing nutrient balances, and enhancing water use efficiency through practices like integrated crop water management and rainwater harvesting. It also includes knowledge management, labor productivity, and optimizing labor input and farm planning, but less frequently covered.
· FoA-III: Land Use Allocation
In this, practices emphasize improving land productivity, functioning and biodiversity by combining land use with regional needs and capacities. It includes practices designed to enhance the availability of various ecosystem services within a single landscape  and/or to balance biomass and food production in a different land or on limited land. This includes improving landscape design and integrating productive and natural spaces to balance food production and biodiversity conservation. Key topics are land sharing and land sparing approaches, and mixed crop-livestock systems that enhance biodiversity and environmental services. 
· FoA-IV: Regional Integration
It explores structural improvements at the regional level through knowledge exchange, innovation diffusion, and governance. It emphasizes the importance of cooperation among various regional actors, including non-farming stakeholders like policymakers and local communities. Key topics include multi-stakeholder networks for resource management, regional marketing, and certification schemes that enhance sustainability and consumer confidence. The most frequently discussed topic is about strategies for spreading new practices and improving agricultural systems knowledge and innovation diffusion, with significant attention given to regional networks, extension services, and farmer-to-farmer learning as critical mechanisms.
Table:-1 Table differentiating the four fields of action of Sustainable Intensification (SI):
	Field of Action (FoA)
	Focus Area
	Key Strategies & Practices
	Main Topics

	FoA-I: Agronomic Development
	Enhancing crop yield, land productivity, and livestock sustainability.
	- Crop rotations, intercropping, mixed cultures. - Precision farming (site-specific information & technology). - Biotechnology & genetic engineering for improved yield & resistance. - Crop management techniques like conservation tillage.
	- Adapted cropping systems. - Conventional vs. organic farming. - Soil conservation practices.

	FoA-II: Resource Use Efficiency
	Optimizing use of ecological, chemical, and human resources to reduce costs and environmental impact.
	- Efficient fertilizer use and nutrient balance management. - Water use efficiency (rainwater harvesting, integrated crop-water management). - Farm planning and labor productivity improvement.
	- Fertilizer and residue management. - Water conservation strategies. - Knowledge management and farm labor optimization.

	FoA-III: Land Use Allocation
	Improving land productivity and biodiversity by integrating land use with regional needs.
	- Enhancing ecosystem services within landscapes. - Land sharing & sparing approaches. - Mixed crop-livestock systems for biodiversity & environmental benefits.
	- Landscape design & regional land use planning. - Biomass & food production balance. - Biodiversity conservation strategies.

	FoA-IV: Regional Integration
	Structural improvements at a regional level through cooperation, knowledge exchange, and governance.
	- Multi-stakeholder networks for resource management. - Regional marketing & certification schemes for sustainability. - Innovation diffusion through extension services & farmer-to-farmer learning.
	- Governance and policy frameworks. - Regional collaboration for sustainable agriculture. - Knowledge sharing & innovation adoption.


By distinguishing SI practices between farm level and landscape level helps policy makers and developing authorities in formulating strategies suited for different spatial scales. As mentioned in the work, blending practices of different field of actions can help  in developing more holistic approach that can result in much better productivity leading towards the success in attaining sustainable intensification. It gives a clear understanding and clarification of the results that can be obtained through the adoption of various practices, i.e., we can anticipate which area will be developed through following different practices. It  highlights the importance of knowledge network, cooperation of stakeholders,policy makers and various sectors of society which is essential for the successful transition towards SI. The framework’s application requires consideration of local contexts, flexible application across overlapping fields, and  should have inclusive strategies that support knowledge sharing and equitable access to resources.
There are other frameworks developed for conceptualizing sustainable intensification, such as the one by Helfenstein et al. (2020) which integrates land system science perspectives with land manager decision-making processes across multiple spatial scales. This framework explicitly incorporates farm-scale decisions while also considering larger spatial influences from national to global levels. The assessment of sustainable intensification pathways follows three key steps:  analysing external and internal drivers of land use change, evaluating agricultural land system changes, and assessing SI outcomes and trade-offs across different scales.
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Fig 3: conceptual framework
Fig 3 showing To comprehend agricultural intensification and the ensuing trade-offs across various spatial scales, a conceptual framework has been developed. Examining the internal and external factors impacting land use change, assessing changes in agricultural land systems, and assessing outcomes of sustainable intensification (SI) are the three main steps in assessing sustainable intensification pathways. Additionally, three key research themes (R1–R3) are essential for translating SI from theory into practice. R1 focuses on identifying the sustainability trade-offs associated with different agricultural intensification strategies. R2 examines how land managers make decisions regarding intensification practices and explores ways to encourage the adoption of sustainable approaches. R3 investigates the influence of socio-political, technological, and environmental mega-trends on sustainable intensification efforts and agricultural landscapes. Source:  Helfenstein et al. (2020).
STRATEGIES AND FARMING SYSTEMS THAT CONTRIBUTE TO SUSTAINABLE INTENSIFICATION
Sustainable intensification incorporates both natural resource management and intensive input practices. Natural resource management includes practices such as reduced tillage, organic manure application, intercropping, and crop rotation, while the input aspect involves the use of improved seeds. The primary objective of adopting these practices is to maintain sustainable soil fertility by enhancing soil structure (Jabbar et al.,2020). SI offers a pathway to increase productivity sustainably, which can be achieved through various approaches and farming systems that combine different SI practices. Examples include mixed crop-livestock systems, conservation agriculture, climate-smart agriculture, smart farming, and the system of rice intensification.
Mixed crop-livestock system
Mixed crop-livestock systems improve efficiency and sustainability by integrating pasture-crop rotations, boosting productivity, and enhancing land use. They increase farm diversification and resilience, address food security with higher calorie and protein output, and protect biodiversity by reducing intensive grazing. These systems also manage soil and nutrients effectively through practices like perennial pasture, biological nitrogen fixation, by legume cultivation grazing crops, dual purpose crops etc. Also, it enables more effective nutrient cycling and self-sufficient systems, supporting the circular economy idea as an operational approach to system sustainability (Rovira et al., 2021).


Organic Farming System
Organic farming is a form of agriculture designed to establish systems that are environmentally sound, humane, and economically viable. It emphasizes sustainability, aiming for high environmental protection, responsible resource use, animal welfare, food security, safety, quality, social equity, and financial resilience. The approach relies predominantly on renewable resources generated on-site or locally and prioritizes closed-cycle operations. It manages ecological and biological processes to support crop and livestock production while reducing dependence on external inputs—whether synthetic or organic. By fostering self-regulating systems, organic farming seeks to ensure adequate nutrition for crops, livestock, and humans while providing sustainable economic returns (Lampkin et al,2015).
Conservation Agriculture
Conservation Agriculture (CA) is an agricultural system that can stop arable losses and restore degraded areas in agriculture. Improving biodiversity and natural biological activities, both above and below the soil, contributes to higher and more sustainable crop yields by enhancing the efficiency of water and fertilizer use. It is based on three linked principles: (1) Ongoing minimal mechanical disruption of the soil, (2) consistent organic cover on the soil, and (3) diversification of crop species through rotations and/or associations (FAO,2022). It promotes good agronomy and land management for both rainfed and irrigated systems, and, when combined with other best practices, supports sustainable agricultural intensification.CA facilitates improved soil health and conditions which further enhances and regulates natural environmental services. In the end, improved nutrition, general health, and less demand for curative medical services benefit the rural population (Kassam & Friedrich ,2011).
Climate Smart Agriculture
Increasing agricultural output, improving adaptive ability, and lowering greenhouse gas emissions while raising carbon sinks are the three main goals of Climate Smart Agriculture (CSA), which focuses on adaptation and mitigation concerns. Improving soil, water, and nutrient management, better irrigation and water storage, access to crop varieties that are climate-resilient, farm diversification, and strengthening institutional support for local adaptation planning and knowledge dissemination are all part of building adaptive capacity.  To control risks, CSA also depends on social safety nets and climate information services. A lot of CSA practices are similar to SI, especially the ones that increase farm earnings and improve long-term development and adaptive ability. CSA and SI approach are highly complementary (Campbell et al.,2014).
Smart Farming
Through the variety of technologies, crop and livestock production methods, it provides a route toward sustainable agriculture. By applying precision agriculture systems to minimize or apply inputs like fertilizers and pesticides site-specifically, smart farming lessens the ecological footprint of agriculture and mitigates greenhouse gas emissions and leaching. Through sensor networks, advanced ICT makes it possible to continuously monitor farms and links the needs of production with the conditions of plants, animals, and soil. By lowering labor expenses, resource costs, and risk factors through site-specific, dependable weather, yield, and disease data, this strategy increases farm profitability (Walter et al.,2017).
System of Rice Intensification
Under a variety of conditions, the System for Rice Intensification (SRI) has found to be an effective foundation for sustainable intensification on every continent (Kassam & Friedrich,2011). The SRI improves rice production by increasing yields, reducing water use, and lowering greenhouse gas emissions. It differs from traditional methods through key practices like transplanting younger seedlings (2-3 leaves old), using a single seedling per hill, spacing hills in a grid pattern, emphasizing organic fertilizers, and employing intermittent flooding instead of continuous water coverage and frequent weeding (Stoop, 2011).

Each of them uniquely contributes in achieving the wide variety of goals that SI aims at, like increasing productivity, enhancing resilience,environmental conservation,resource use optimization and much more. Each of them have its own distinctiveness such as, mixed-crop livestock system enhances nutrient cycling and biodiversity. Smart farming focuses on resource use optimization through technology, CSA improves resilience towards climate change, CA aims at better soil health and resource efficiency, organic farming system focus on reducing reliance on synthetic inputs, enhancing soil health and SRI focuses on water conservation and reduction of GHGs emission. All these approaches  are not mutually exclusive, and they complement one another.
Table 2: Key points of strategies and farming systems that contribute to Sustainable Intensification (SI):
	Strategy/Farming System
	Key Features
	Contribution to Sustainable Intensification
	Distinctiveness

	Mixed Crop-Livestock System
	Integrates crops and livestock, improves nutrient cycling, soil fertility, and biodiversity.
	Enhances land productivity, farm resilience, and sustainability by reducing intensive grazing, utilizing biological nitrogen fixation, and increasing protein and calorie output.
	Strengthens nutrient cycling, self-sufficiency, and promotes circular economy principles.

	Organic Farming System
	Prioritizes closed-cycle operations, ecological balance, and reduced dependence on external inputs.
	Increases soil fertility, promotes biodiversity, reduces synthetic inputs, and ensures sustainable economic returns.
	Focuses on self-regulating ecosystems, resource conservation, and soil health.

	Conservation Agriculture (CA)
	Based on minimal soil disturbance, permanent soil cover, and crop diversification.
	Improves soil health, enhances biodiversity, optimizes water and nutrient use, and increases long-term productivity.
	Strong emphasis on soil conservation, reducing erosion, and improving soil structure.

	Climate Smart Agriculture (CSA)
	Aims at increasing agricultural output while adapting to and mitigating climate change.
	Improves water and nutrient management, enhances climate resilience, and reduces greenhouse gas emissions.
	Focuses on climate adaptation and risk management strategies.

	Smart Farming
	Uses precision agriculture, sensor networks, and ICT for site-specific input application.
	Reduces input waste, improves efficiency, enhances farm profitability, and minimizes environmental impact.
	Strong emphasis on technology-driven optimization and data-driven decision-making.

	System of Rice Intensification (SRI)
	Enhances rice productivity by optimizing transplanting techniques, water use, and soil management.
	Increases yields, reduces water consumption, improves soil aeration, and lowers greenhouse gas emissions.
	Specific to rice production, focuses on efficient water use and organic fertilization.



Table 3:- Examples of impact of these strategies and farming systems
	STRATEGIES/FARMING SYSTEM
	IMPACT
	SOURCES

	Organic farming system
	Organic farming led to an approximately 30% increase in species richness. On average, species richness on organic farms is 34% higher than on conventional farms, with a confidence interval of 26–43%.
	
Tuck et al. (2014)

	Conservation farming
	A meta-analysis of South Asia’s cereal-based cropping systems (1996–2016 on-station and 2010–2014 on-farm studies) highlights the significant impact of conservation agriculture (CA). Methane emissions reduced by 12.8%–75.2%, grain yields increased by 4.6%, and water use efficiency improved by 14.6%. On-station studies showed stronger outcomes, with 11.1% higher yields and 29.3% better water efficiency, while net economic returns increased by 25.6%, showcasing CA’s potential for sustainable intensification.
	
Jat et al. (2020)

	Climate Smart Agriculture
	In Punjab and Pakistan, the adoption of CSA practices and technologies  have enhanced resilience to climate change, boosts farm productivity by 22–30%, and improves the livelihoods of cotton farmers.
	
Imran et al. (2018)

	Smart Farming
	If adopted by 15–25% of farms, it could lead to reduced costs, increased yields (1-4% of total agricutltural productin), and substantial reductions in water use (2-5% of total water taken for agricultural purposes )and greenhouse gas emissions by 2030. This is driven by improved input use efficiency and advanced irrigation systems.
	
World Economic Forum (2018)

	System of Rice Intensification
	The Sarvathobhadram-Organic Farmers Cooperative in Kerala helped small and marginal farmers transition to organic farming using the System of Rice Intensification (SRI), enabling yields of 1500 kg/acre and a net income of ₹59,350 per acre, reflecting a 50% profit margin.
	Sreeni (2022)



DIMENSIONS OF SI ACROSS MULTIPLE DISCIPLINES
According to Thomson et al. (2019), specialized disciplinary research in subject areas such as agricultural science, ecology, economics, and rural studies is included in sustainable intensification. Therefore, sustainable intensification needs 
research that combines several academic fields. Thomson et al. (2019) further classified common research aspects and possible paths for future investigation to enhance understanding and awareness of sustainable intensification, they are: 
From plants to fields: Outlooks from agronomic methods and crop science
Research is focused on enhancing agricultural productivity and sustainability. At plant level strategies should focus on increasing photosynthesis efficiency, nitrogen efficiency, better symbiotic relations and improving high yielding variety which are locality specific. Also, improving existing practices and technologies while focusing on modern technologies is also equally essential. The management is field-based and includes agroecological practices, such as natural ecosystem-resembling multi-crop systems. Strategies like precision farming and integration of crop-livestock systems can improve land use economies, although yield, environmental quality and resource use efficiency involve tradeoffs. Unique and context specific strategies are important to understand ecological and productivity targets in sustainable agriculture.
From farms to landscapes: Outlooks from landscape geography and ecology
Research in landscape level centres on the variation and heterogeneity in the environmental components like soil, water, carbon, biodiversity, etc., and how they are included in the management. In regions where conditions are more uniform conventional agriculture is more suitable in regions where conditions are more uniform, whereas areas where conditions are more variable may benefit from species rich,diversified cultivation or agroforestry in minimizing negative effects. Ecosystem services can be conserved and biodiversity can be supported by applying techniques like optimizing land use planning and management. Approaches such as multi-criteria optimization and land-use planning guide sustainable practices, balancing agricultural production with environmental goals. Insights from this research inform policies to address trade-offs and scale innovations effectively.

Moving from the national and regional to the global scale: Outlooks from integrative and scenario research
Research conducted at larger geographic scales employs various methodologies, such as data collection, analytical models, spatial optimization, and scenario evaluations. These cross-disciplinary strategies are essential for addressing pressing global issues, like how land systems contribute to sustainable development, combating climate change, and protecting biodiversity. National-level policies play a crucial role in directing sustainability efforts by creating legal frameworks, regulating practices, and shaping the adoption of international guidelines and agricultural trade agreements. Advancing global-scale research relies on consistent datasets and frameworks for scaling local findings to inform sustainable intensification strategies. As such, this research is often situated within a governance context, offering key insights into trade-offs and considering factors related to institutions and planning.
This division of different dimensions of SI across multiple disciplines provides directions for present and future SI research. It highlights different trade-offs and potential paths in each level. Thus, it provides valuable insights about how a research or study can be designed and conducted across different disciplines. Each level   has its own constraints, challenges and demands which can be met through various inter disciplinary research and innovations.

CONSTRAINTS FACED IN PURSUING SI 

Even though SI is a necessary step towards achieving increased food production and environmental conservation, there are various constraints that hinder  the adoption of it. One major limitation is the lack of theory leading to uncertainty about the topic (Peterson & Snapp, 2015). There are various discussions on the idea of SI. Some accuses SI as just a ‘green washed’ concept which doesn’t show any significant effect. There are worries that SI could be used as a disguised initiatives for large-scale technologies, such as genetically modified crops, which could go against the principles of small-scale farming. These discussions show the difficulties in determining what is good for agriculture and the complexity that SI needs to deal with (Pretty & Bharucha, 2014).
Poor access to infrastructure, extension services, and resources are some of the other major factors that challenges the progress of SI (Mungai et al., 2016). Constraints for SI are majorly economical and institutional and these are caused by ineffective functioning of institutions such as policies and markets, limited financial resources and skills, and insufficient or weaker collaboration and interaction among stakeholders (Schut et al., 2016).
SI cannot tackle many other challenges affecting the food system, including unequal food access and entitlements, insecure or precarious land ownership, increasing demand for resource, food loss and waste, unfair trade practices, and market power concentrated in a few large multinational agribusinesses. Rather than being a comprehensive framework aimed at solving all food system issues, SI is focused specifically on increasing agricultural production (Cook et al.,2015).
Thus, even though SI has high potential in increasing food production and conserving environment, lack of proper theory leads to scepticism regarding the purpose of SI. Economical and institutional factors are also major constraints that need to be addressed. Additionally, the focus of SI only towards production, rather than considering food system as a whole and addressing other issues regarding it, is also a factor that raises criticism towards SI. Therefore, special attention should be given to solving these constraints and steps must be taken to integrate the concept of SI into broader strategies dealing with food system and environment conservation in future.
CONCLUSION AND KEY IMPLICATIONS
Because SI is more of an approach than a specific collection of technologies and procedures, it is an umbrella term that encompasses a wide range of agricultural practices and technology, the specific scope of current SI practice is also not sure. It is hard to estimate how much of the agricultural land on the planet is currently used for sustainable farming practices. The words "sustainable" and "intensification" are combined in an effort to suggest that there are a number of ways to accomplish the desired goals of producing more food and better environmental goods and services. Therefore, it is important to consider the SI of agricultural systems as a component of numerous programs and initiatives aimed toward develop more environmentally friendly economies (Pretty & Bharucha,2014). More research is required to comprehend how to integrate sustainable intensification into flexible and resilient socio-ecological systems (Thomson et al., 2019). 
Implication for adoption and implementation
Farmers' willingness to take risks and plot size significantly influence Sustainable Intensification Practices (SIP) adoption, with larger plots increasing uptake. Access to information and farmer groups plays a key role in adopting improved seeds, intercropping, crop rotation, and organic manure. Smaller households are more likely to adopt SIPs, highlighting the impact of capital investment. Key determinants of SIP adoption include education, land area, extension access, social participation, and climate variability ((Jabbar et al., 2020).
These facts underscore the necessity of a well-planned and integrated approach to sustainable intensification in future agricultural strategies. To ensure widespread adoption, there is a pressing need for stronger extension services and awareness programs that educate farmers on the benefits and effective implementation of SIPs. Strengthening farmer groups, cooperatives, and local institutions can further facilitate knowledge-sharing and increase the adoption of sustainable practices.
Future research and Development needs
SI may continue to receive criticism, which will reduce its wider appeal, unless business and private sector actors practice and manage it comprehensively, socially inclusive, and responsibly (Mahon et al., 2017). Sustainable intensification pathways require balancing market and non-market outcomes, considering economic, environmental, and social sustainability. Since all intensification approaches involve trade-offs, research should focus on assessing multiple outcomes and transparently presenting land-use trade-offs. A key research priority is quantifying the balance between sustainability and productivity in agricultural decisions. Future studies must carefully select indicators while ensuring a comprehensive evaluation across various sustainability dimensions (Helfenstein et al., 2020).
The Sustainable Development Goals (SDGs), which address significant challenges including social justice, environmental preservation, and resource efficiency, are essential to the advancement of Sustainable Intensification (SI). Particularly pertinent are SDGs 2 (Zero Hunger), 6 (Clean Water and Sanitation), 7 (Affordable and Clean Energy), 8 (Decent Work and Economic Growth), 11 (Sustainable Cities and Communities), and 12 (Responsible Consumption and Production). Since SDGs 6 and 7 have the most relevant aims and have a direct impact on agricultural water and energy management, policymakers should give them top priority. Furthermore, SDG 8 promotes social sustainability via generating jobs and promoting financial inclusion, while SDG 2 increases food security while increasing production efficiency. Sustainable resource use is encouraged by SDG 12, whereas SDG 11 fortifies the connections between environmental, economic, social aspects of SI. By enhancing governance, infrastructure, education, and equity, other SDGs support SI even though their direct relevance is only moderate or low. In order to ensure a balanced strategy that boosts productivity while preserving sustainability across economic, environmental, and social dimensions, policymakers should concentrate on incorporating these SDGs into agricultural initiatives (Yu et al.,  2024).
Identifying and addressing these constraints are essential in order to achieve the full potential of SI. For this, efforts should be directed towards making the ongoing research and development more effective and efficient. Policymakers should incorporate SI principles into the new initiatives to address the various, social,  economic, and ecological challenges. Proper assessment and measurement of SI interventions and innovations should be conducted, and accordingly, extension services and advisories should be implemented to bridge these gaps. Encouraging social inclusivity and participation leads to create a better equitable system. Meeting these requirements will help in successfully achieving SI in future developments. 
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