
  The Planta RBS, Vol.-7, Issue-1&2, April & October 2026: 2047 – 2063   

 ISSN: 3048:8494 // https://www.pgrindias.in  

                                           Nayak  et. al.  (Series Chapter No. – 220 // ISBN: 978-81-983007-7-5) 

__________________________________________________________________________________________ 

 

 
204

7 

 

Review Article 

INTEGRATED FARMING APPROACHES FOR RESILIENT AND 

REGENERATIVE AGRICULTURE 
 

Manas Ranjan Nayak1*, Toshika Tamrakar2, Debiprasanna Das1Subhashree Behera1and 

Debashish Swain1 
 

1College of Forestry, OUAT, Bhubaneswar 
2College of Horticulture & Forestry, RLBCAU, Jhansi 

 

Corresponding Email: mrnayak.forestry@ouat.ac.in 

 

Received: 26 March, 2026                 Accepted: 03 August, 2026 
 

Abstract 
 

Modern agriculture is confronted with a critical paradox: while it has successfully enhanced 

food production to meet global demand, it has simultaneously degraded the ecological 

resources upon which long-term productivity depends. The intensification of climate change 

further exacerbates these challenges, necessitating the adoption of farming systems that are 

not only productive but also ecologically sustainable and economically resilient. Integrated 

Farming Systems (IFS) represent a viable and scientifically validated approach to address this 

need. By integrating crops, livestock, trees, fisheries, and other enterprises within a single 

farming unit, IFS promotes efficient resource recycling, reduces reliance on external inputs, 

enhances soil health, and strengthens carbon sequestration. Such systems also diversify farm 

income and improve resilience against climatic and market uncertainties. This study reviews 

the principles, performance, and field-level applications of key integrated approaches, 

including crop–livestock systems, agroforestry, and integrated aquaculture. Evidence 

indicates that crop–livestock integration significantly enhances employment and soil fertility 

through organic nutrient cycling. Agroforestry systems, with land equivalent ratios ranging 

from 1.0 to 1.4, demonstrate superior productivity and provide multiple ecosystem services 

such as microclimate regulation and carbon storage. Integrated rice–fish and rice–duck 

systems have been shown to reduce cultivation costs by up to 34 percent while increasing net 

farm income. Case studies across diverse agro-ecological regions of India reveal benefit–cost 

ratios ranging from 2.03 to 5.41, with substantially higher net returns compared to 

conventional monocropping systems. The findings highlight that IFS can serve as a 

transformative pathway toward sustainable agriculture by simultaneously enhancing 

productivity, profitability, and environmental sustainability. The study underscores the need 

for supportive policy frameworks, including incentives for ecological outcomes, strengthened 

extension services, and institutional support during the transition phase. In the face of 

growing population pressure and climate variability, scaling Integrated Farming Systems is 

essential for ensuring long-term food and livelihood security. 
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Introduction 

griculture constitutes a fundamental socio-ecological system operating at the 

interface of human civilization and natural resource dynamics, with profound 

implications for ecosystem functioning and livelihood security. Traditionally, 

agricultural systems were based on site-specific indigenous knowledge and ecological 

principles that enabled the sustainable management of soil, water, and biodiversity over long 

temporal scales. However, the advent of the Green Revolution and subsequent agricultural 

intensification during the twentieth century led to a paradigm shift toward input-intensive 

production systems characterized by monoculture, high-yielding varieties, synthetic 

agrochemicals, and mechanized tillage. Although these interventions substantially enhanced 

food grain production, they have simultaneously generated significant ecological 

externalities, including depletion of soil organic carbon, groundwater over-extraction, 

agrobiodiversity loss, increased greenhouse gas emissions, and declining economic resilience 

of smallholder farming systems (Nayak et al., 2018; John & Babu, 2021). 

In this context, Integrated Farming Systems (IFS) have emerged as a scientifically 

robust and ecologically grounded alternative for sustainable agricultural intensification. IFS 

adopts a holistic, systems-based framework in which multiple interdependent components—

crops, livestock, trees, fisheries, poultry, and other allied enterprises—are spatially and 

functionally integrated within a single farm unit. This integration is strategically designed to 

optimize biophysical interactions, including nutrient cycling, energy flow, and biological 

regulation, across system components (Fig. 1). The underlying principle of IFS is resource-

use circularity, wherein the outputs or residuals of one enterprise are reutilized as inputs for 

another, thereby enhancing input-use efficiency, reducing dependence on external inputs, and 

improving system productivity, stability, and resilience. Such synergistic interactions 

contribute to the restoration of soil fertility, diversification of production, and strengthening 

of ecological sustainability while maintaining economic viability (Kumar et al., 2018). 

An integrated farming system is a promising strategy for mitigating climate change. 

Practices such as intercropping, multiple cropping, crop rotation with legumes alternating 

with non-legumes, conservation farming, agroforestry, and integrated farming are effective 

for climate mitigation. This system is particularly well-suited to ensuring food security for the 

growing global population, especially aimed the dual challenges of land degradation and 

carbon emissions. The primary goal of an integrated farming system is to achieve sustainable 

crop production with increased productivity, ensure livelihoods and food security, adapt to 

climate change, and reduce greenhouse gas emissions. Moreover, IFS contributes to climate 

resilience by improving soil health, conserving water resources, and enhancing biodiversity. 

Climate-resilient agriculture (CRA) is an approach that focuses on the sustainable use of 

existing natural resources through crop and livestock production systems to achieve long term 

higher productivity and farm incomes, despite climate variability. This practice helps reduce 

hunger and poverty, ensuring food security for future generations in the face of climate 

change. CRA practices can transform the current situation and sustain agricultural production 

at both local and global levels, particularly in a sustainable way. 

 

Historical Setting: From Green Revolution to Systems Thinking 

In the immediate post-independence period, India experienced severe food deficits, 

with per capita daily food availability declining to approximately 417 g during 1947–1960, 

reflecting systemic inadequacies in agricultural production. The advent of the Green 

Revolution marked a transformative shift toward a technology-driven agricultural paradigm 

characterized by the large-scale adoption of high-yielding varieties (HYVs), expansion of 

A 
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irrigation infrastructure, and intensive application of synthetic fertilizers and agrochemicals. 

Spearheaded by Norman Borlaug and M. S. Swaminathan, this intervention substantially 

enhanced crop productivity, enabling India to attain food self-sufficiency and fostering 

significant gains in rural economic development (Eliazer Nelson et al., 2019; Gollin et al., 

2021). 

Despite these achievements, the long-term sustainability of input-intensive 

agricultural systems has been increasingly questioned due to the emergence of significant 

ecological and economic externalities. Prolonged reliance on chemical inputs and 

monocropping systems, particularly in the Indo-Gangetic Plains, has resulted in progressive 

depletion of groundwater reserves, deterioration of soil physicochemical properties, decline 

in soil organic carbon, and disruption of agroecosystem stability, including heightened pest 

and disease pressures. Simultaneously, escalating input costs coupled with diminishing factor 

productivity have contributed to stagnating or declining farm incomes, thereby intensifying 

the vulnerability of smallholder farming systems (Chaudhary et al., 2017; Kaur, Prusty et al., 

2021). 

These interrelated challenges have catalyzed a transition toward more sustainable and 

ecologically resilient agricultural paradigms. Within this context, Integrated Farming Systems 

(IFS), traditionally practiced in diversified smallholder systems, have re-emerged as a 

scientifically validated framework for sustainable intensification. IFS adopts a systems-based 

approach that integrates multiple complementary enterprises to enhance resource-use 

efficiency and ecological interactions. Empirical studies demonstrate that optimized IFS 

models can increase overall farm productivity by two- to threefold, reduce external input 

dependence by approximately 40–60%, and generate higher employment opportunities 

relative to monoculture-based systems (Mahapatra, 1994; Rathore & Bhait, 2008). By 

leveraging synergistic interactions among system components, IFS provides a robust pathway 

for achieving productivity gains while restoring ecological integrity and improving livelihood 

resilience. 
 

 
 

Fig. 1. Components of Integrated Farming Systems 

https://www.pgrindias.in/
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Core Principles of Integrated and Regenerative Farming 
 

Several interlocking principles differentiate IFS from conventional single-enterprise farming: 

 

Circular Nutrient Flows 
Every output that would otherwise become waste, crop residue, animal manure, pond 

sediment, kitchen organic matter is channelled back into the farm system as an input. This 

circularity reduces the dependence on externally purchased fertilisers and feeds the biological 

activity of the soil. Composting, vermicomposting, and cover cropping collectively rebuild 

soil organic matter, the primary determinant of sustained land fertility (Walia & Kaur, 2022; 

Bhagat et al., 2024). 

 

Biological Pest and Weed Regulation 
Diverse farm layouts disrupt the habitat continuity that monocultures provide for 

specialist pest species. Free-ranging poultry consume insects and invertebrates that cause 

crop damage, reducing pesticide dependency. Certain livestock species graze undergrowth 

beneath plantation crops, lowering weed management costs without chemical inputs (Mandal 

et al., 2006). 

 

Systemic Resilience 
When one enterprise suffers from drought, price collapse, or disease others provide 

income and nutritional continuity. This portfolio logic transforms a farm from a single-point-

of-failure system into an adaptive household economy. A survey of dairy-integrated farming 

areas found that nearly all respondents attributed lower household financial vulnerability in 

drought years to the presence of livestock alongside crops (Venkatadri et al., 2008; Behera et 

al., 2004). 

 

Reduced Greenhouse Gas Burden 
The agricultural sector contributes approximately 12 per cent of global greenhouse 

gas emissions, with methane, nitrous oxide, and carbon dioxide as the primary agents (IPCC, 

2014). Atmospheric CO₂ has exceeded 400 ppm, having stood at roughly 280 ppm before 

industrialisation (Lüthi et al., 2008). IFS reduces this burden through lower synthetic input 

use, internal waste utilisation, and active carbon sequestration through agroforestry 

components. Integrated organic systems demonstrate net GHG outcomes substantially below 

conventional equivalents, and those with significant tree cover can achieve net-negative 

emissions when soil carbon accrual is fully accounted (Oliveira et al., 2018; Frank et al., 

2018). 

The specific quantified environmental contributions of IFS sub-systems, including 

measured nutrient cycling values, emissions data, and biodiversity outcomes, are 

consolidated in Table 2. 

 

Major Integrated Farming Approaches 

 

Crop-Livestock Integration 
The pairing of crop cultivation with animal husbandry is among the oldest and most 

extensively studied forms of agricultural integration. Animals convert crop residues into 

nutrient-dense organic manure, while simultaneously producing milk, meat, draught power, 

and biogas the latter providing clean household fuel and reducing indoor air pollution (Godi 

https://www.pgrindias.in/
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et al., 2013). Through rotational grazing typically alternating grazing periods of one to two 

weeks with recovery periods of three to six weeks animals directly deposit nutrients onto 

fields and stimulate organic matter decomposition through physical soil contact (Jayanthi et 

al., 2000). 

Beyond soil enrichment, integrated livestock function as mobile financial assets. 

When crop revenues fail, animals and their products can be sold to bridge immediate 

household cash needs a function that carries measurable welfare significance in drought-

prone regions. Table 1 presents comparative income and employment data from documented 

crop-livestock and multi-enterprise IFS models across multiple Indian states. 

 

Table 1: Economic Outcomes of Selected Integrated Farming System Models in India 

 

State IFS Components 
Net Return 

(₹/ha/yr) 

B:C 

Ratio 

Employment 

(person-days/yr) 
Source 

A. Dryland and Semi-Arid Regions 

Rajasthan 

(Sirohi) 

Cereal + cash crops + 

vegetables + flowers + 

direct marketing 

₹2,64,500 (2 ha) 4.38 1,800 
Bhardwaj & 

Vyas (2015) 

Rajasthan 

(South) 

Crops + livestock + 

horticulture (1.47 ha) 
₹52,161 — — 

Singh et al. 

(2013) 

Karnataka 

(Raichur) 

Cotton + vegetables + 

dairy + vermicompost + 

fodder 

₹1,08,212 5.41 — 
Desai 

(2015) 

Andhra 

Pradesh 

Crops + 6 buffaloes 

(integrated livestock) 

Significantly 

higher than crop-

only 

— 
904 vs. 400 

(crop-only) 

Venkatadri 

et al. (2008) 

B. Humid and Eastern Regions 

Bihar 

(lowland, 2-

acre) 

Crops + fish + duck + 

dairy + horticulture + 

vermicompost 

₹1,80,499 — — 
Kumar et al. 

(2012) 

Bihar 

(midland, 1-

acre) 

Crops + goat + poultry 

+ mushroom + 

horticulture 

₹1,28,693 — — 
Kumar et al. 

(2012) 

Tamil Nadu 
Rice + azolla + fish 

(integrated) 

₹31,788 (+38% 

vs. monoculture) 
— — 

Balusamy et 

al. (2003) 

Tamil Nadu 

(full IFS) 

Rice + fish + goats + 

poultry 

₹1,31,118 vs. 

₹8,312 

(monoculture) 

— — 
Manjunath 

(2002) 

 

Notes: B:C = Benefit-to-Cost ratio; Sources: Bhardwaj & Vyas (2015); Singh et al. (2013); 

Desai (2015); Venkatadri et al. (2008); Kumar et al. (2012); Balusamy et al. (2003); 

Manjunath (2002). 

 

Agroforestry Systems 
Agroforestry, the deliberate combination of trees with crops and/or livestock 

generates biological complementarities unavailable in either component alone. Deep tree root 

systems access subsoil moisture and nutrients and deliver them to the surface, moderating the 

https://www.pgrindias.in/
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water stress that shallow-rooted crops experience during dry periods. Canopy layers buffer 

microclimate, reducing both temperature extremes and evaporative demand on understorey 

vegetation (Tsonkova et al., 2012). 

Productivity evidence is strong. Land Equivalent Ratio values of 1.0 to 1.4 indicate 

that integrated agroforestry plots produce more per unit area than equivalent areas of crops 

and woodland grown separately (Graves et al., 2007; Martin et al., 2016). In degraded 

dryland landscapes of Australia, integrating deep-rooted trees into pastures partially reversed 

rising soil salinity, a costly legacy of native vegetation clearance. In New Zealand's steeper 

pasturelands, timber-integrated systems arrested erosion that would otherwise render land 

unproductive even for grazing (George et al., 2012). 

Barriers exist alongside these benefits. Tree establishment requires years before 

economic returns materialise, and agricultural policy frameworks in many regions including 

the European Union's Common Agricultural Policy have historically directed subsidies 

toward simplified, tree-free crop systems, disadvantaging agroforestry practitioners. 

Pathways to capturing value include organic certification, geographic labelling, and direct-to-

consumer marketing that communicates the ecological credentials of diversified products 

(Flinzberger et al., 2020). 

 

Integrated Aquaculture 
Coastal, lowland, and wetland environments offer particular advantages for 

integrating aquatic enterprises with terrestrial crop production. In these landscapes, the 

existing hydrology becomes a productive resource rather than a management challenge. 

Flooded rice paddies naturally support dense populations of zooplankton and phytoplankton, 

providing a near-costless feed base for fish cultivated alongside the grain crop. Rice 

cultivation costs fall as fish control weeds and insects, while fish productivity is sustained by 

the nutrient-enriched paddy water (Varughese & Mathew, 2009). 

The traditional Pokkali and Kaippad rice-prawn systems of coastal Kerala, which 

have operated in harmony with tidal cycles for centuries, exemplify this ecological design 

logic. During the rice-growing season, the land produces grain; the fallow period sees tidal 

inundation and prawn cultivation, with aquatic organisms feeding on crop residues and 

enriching the soil for the next rice cycle. This centuries-old practice demonstrates that 

ecological integration need not be engineered from scratch it can be aligned with landscape 

processes already in motion (Varughese & Mathew, 2009). 

Duck integration adds a further nutrient loop: foraging ducks suppress weeds and 

insects, while their droppings contribute measurably to the farm nutrient pool. The quantified 

nutrient contributions and income data from Kerala's rice-fish and rice-duck models are 

presented in Table 2. 

 

Need of Integrated Farming Systems (IFS) in Climate-Resilient Agriculture  

 

Challenges posed by Climate change  

The agricultural sector faces numerous challenges due to the changing climate, which 

directly affects productivity, sustainability, and livelihoods.   

 

Rising Temperatures 

Rising temperatures pose significant challenges to agriculture, impacting crop and 

livestock production. Heat stress can reduce productivity and yields, while warmer 

temperatures can alter growing seasons, leading to mismatches between crop cycles and 

optimal conditions. Additionally, increased evapotranspiration rates and water requirements 

https://www.pgrindias.in/
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can increase water demands, further straining water resources and making it harder to 

maintain crop health and productivity.  

 

Changing Precipitation Patterns    
Agriculture faces significant challenges due to changing precipitation patterns, 

including increased drought frequency and severity, which can impact crop yields and 

livestock productivity. Additionally, more frequent floods can damage crops and 

infrastructure, disrupting operations. Water scarcity can reduce irrigation availability, further 

limiting productivity. These shifting weather patterns pose a significant threat to food 

production systems' stability and sustainability.  

 

Increased Frequency and Severity of Extreme Weather Events 
The increased frequency and severity of extreme weather events pose significant 

threats to agriculture. Events like hurricanes and tornadoes can cause extensive crop damage 

and disrupt infrastructure. Additionally, such extreme weather can lead to livestock mortality, 

impacting agricultural productivity and the livelihoods of farmers. Moreover, heavy rainfall 

and flooding associated with these events can result in soil erosion, degrading soil health and 

fertility, which further compromises long-term agricultural sustainability.  

 

Shifts in Pest and Disease Dynamics 
Climate change leads to shifts in pest and disease dynamics, with rising temperatures 

and changing weather patterns altering their distribution. This can negatively impact crop 

yields and livestock productivity. To address these challenges, farmers may need to adapt 

their pest and disease management practices, which could increase costs and further strain 

agricultural productivity and livelihoods. This underscores the need for adaptive strategies to 

protect crops and livestock in a changing climate.  

 

Impacts on Agricultural Productivity and livelihoods 

Climate change negatively impacts agricultural productivity by reducing crop and 

livestock yields, threatening food security and farmers' livelihoods. This can lead to income 

loss and economic instability for rural communities.  

 

Social and Economic Impacts 

Climate change contributes to food insecurity, which negatively impacts human 

health and well-being. It can also lead to migration and displacement of rural communities, 

disrupting social and economic stability. Additionally, climate change results in significant 

economic losses for farmers, rural communities, and national economies.  

 

Integrated Farming Systems (IFS) as a Solution  

 

Mitigating Risks 

Diversification of agricultural activities reduces dependency on a single crop or 

enterprise, minimizing the risk of complete failure due to climate variability.  

 

Enhancing Productivity  

Synergistic interactions between different components of IFS improve resource use 

efficiency, resulting in higher overall productivity.  

 

 

https://www.pgrindias.in/
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Improving Livelihoods  
The multi-enterprise approach of IFS generates year-round income, ensuring 

economic stability for farmers even during adverse climatic conditions.  

 

Enhance Climate Resilience 

Integrated Farming Systems aim to enhance climate resilience by promoting 

ecological balance, biodiversity, and efficient resource use. This involves diversifying 

income sources, reducing dependence on single crops, and promoting soil conservation.  

 

Improve Resource Efficiency 

IFS aims to optimize resource use by integrating different farming components, 

reducing waste, and promoting efficient water and nutrient management. This involves 

adopting conservation agriculture practices, such as reduced tillage and cover cropping.  

 

Promote Biodiversity 

IFS conserves biodiversity by maintaining ecological balance, protecting natural 

habitats, and promoting the use of diverse crop and animal varieties. This involves integrating 

trees into farming systems, promoting agroforestry practices, and conserving genetic 

resources.  

 

Support Sustainable Livelihoods 

IFS enhances farmers' livelihoods by increasing income, improving food security, and 

promoting sustainable agricultural practices. This involves providing training and support to 

farmers, promoting market access, and developing value chains.   

 

Mitigate Climate Change 

IFS contributes to climate change mitigation by reducing greenhouse gas emissions, 

promoting carbon sequestration, and enhancing soil carbon stocks. This involves adopting 

conservation agriculture practices, integrating trees into farming systems, and promoting 

agroforestry practices. 

 

Improve Water Management 

IFS promotes efficient water management by integrating different farming 

components, reducing waste, and promoting water conservation practices. This involves 

adopting conservation agriculture practices, such as reduced tillage and cover cropping.  

 

Enhance Soil Health 

IFS promotes soil health by integrating different farming components, reducing waste, 

and promoting soil conservation practices. This involves adopting conservation agriculture 

practices, such as reduced tillage and cover cropping.  

 

Support Climate-Smart Agriculture 

IFS supports climate-smart agriculture by promoting agricultural practices that 

enhance climate resilience, improve resource efficiency, and promote sustainable livelihoods. 

This involves adopting climate-resilient crop and animal varieties, promoting agroforestry 

practices, and conserving genetic resources. 

 

 
 

https://www.pgrindias.in/
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Table 2: Environmental Contributions of Integrated Farming System Sub-Systems 
 

Sub-System 
Ecological 

Function 
Measured / Reported Impact Reference 

Soil Health and Nutrient Cycling 

Crop-livestock 

manure loop 

Internal fertiliser 

replacement; soil 

organic matter 

rebuild 

Internally generated organic 

manure equivalent to ~506 kg N, 

349 kg P₂O₅, and 342 kg K₂O per 

ha annually 

Kumar, Singh et al. 

(2012); Kumar, Subash et 

al. (2012) 

Cover crops and 

polycultures 

Soil erosion 

reduction; water 

infiltration 

improvement 

Erosion reduced by up to 60% 

relative to monoculture; improved 

soil biodiversity and above-ground 

species richness 

Bhagat et al. (2024); 

Khobragade et al. (2021) 

Duck droppings in 

paddy-IFS 

(Kuttanad) 

Direct nutrient 

contribution to farm 

pool 

~98.6 kg N, 126.4 kg P, and 27.8 

kg K per ha/yr; gross duck income 

₹46,000/ha 

Mathew & Varughese 

(2007) 

Climate Regulation and Carbon Sequestration 

Duck integration in 

flooded fields 

Bioturbation 

reducing methane 

emissions 

CH₄ output reduced through 

improved soil redox potential 

caused by duck paddling and 

foraging activity 

Xu et al. (2017); Sheng et 

al. (2018) 

Integrated organic 

farming (full 

system) 

Lower net GHG 

output vs. 

conventional farms 

Average GHG emissions of ~2,118 

t CO₂-eq/yr, substantially below 

comparable conventional systems 

Jeswani et al. (2018) 

Agroforestry 

(perennial trees, 

boundary 

plantations) 

Carbon 

sequestration in 

woody biomass and 

root systems 

Net negative GHG balance 

achievable when total soil C 

sequestration offsets farm-level 

emissions 

Salton et al. (2014); Bell 

et al. (2014); Meera et al. 

(2019) 

Biodiversity and Landscape Ecology 

Agroforestry tree 

components 

Pollinator and 

beneficial insect 

habitat creation 

Richer pollinator networks 

documented relative to adjacent 

conventional fields; positive effect 

on crop pollination rates 

Maccagnani et al. (2020); 

Centeno-Alvarado et al. 

(2023) 

Wetland IFS (rice 

paddies, farm 

ponds) 

Preservation of 

aquatic trophic 

structures 

Maintenance of diverse aquatic 

fauna that drainage-oriented 

conventional agriculture would 

eliminate 

Salmah et al. (2017); 

Maltchik et al. (2011) 

Silvopastoral 

(Iberian 

montado/dehesa) 

Wildfire resistance 

through managed 

grazing 

Reduction of combustible ground 

material; simultaneous 

microclimate regulation and 

livestock shade provision 

Aguilera et al. (2020); 

Ortega et al. (2012) 

Notes: N = Nitrogen; P₂O₅ = Phosphate; K₂O = Potassium oxide; CH₄ = Methane; CO₂-eq 

= Carbon dioxide equivalent; LER = Land Equivalent Ratio.  

 

Environmental Profile of Integrated Farming 
The environmental case for IFS rests on several mechanisms operating 

simultaneously. Nutrient cycling within a well-structured farm eliminates or substantially 

reduces the need for synthetic fertilisers, whose manufacture is energy-intensive and whose 

https://www.pgrindias.in/
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application generates nitrous oxide emissions. Diverse plant cover reduces run-off, builds soil 

organic carbon, and supports the microbial communities essential for long-term land fertility. 

Agroforestry and wetland components further extend the ecological functions of the farm into 

habitat provision for pollinators, birds, and beneficial insects (Paramesh et al., 2021; Duru et 

al., 2015). 

 

IFS as Effective Recycling of Resources  

In Integrated Farming system, crop by-products are repurposed as fodder for 

livestock, while animal main and by-products such as milk and dung contribute to increasing 

income and enhancing soil fertility. Additionally, the resources available on the farm serve as 

valuable manures, promoting systemic recycling within the farming process. This integrated 

approach ensures more efficient use of farm resources and supports a sustainable agricultural 

system. By recycling organic nutrient sources from the various components of the farm, IFS 

models can enhance farm output, increase farmer income, and maintain soil productivity. 

This approach not only preserves the environment but also generates sustainable income for 

farmers; ensuring long-term agricultural viability. Nutrient recycling in an Integrated 

Farming System (IFS) involves the efficient reuse and redistribution of nutrients within the 

system. (fig.2) This practice includes utilizing organic waste, residues, or by-products from 

one component of the farming system as inputs for another, creating a more sustainable and 

resource efficient farming process (Kumar, Singh, et al., 2012) 

 

 
 

Fig.2: Effective recycling of resources 

 

Global Context and Policy Frameworks 

The transition to integrated food systems has become a global policy objective, not 

merely a farm-level aspiration. The Food Systems Integrated Programme (FSIP), jointly led 

by the Food and Agriculture Organization (FAO) and the International Fund for Agricultural 

Development (IFAD), targets systemic reform across food value chains from production 

incentives and business models through to consumption patterns. Building on earlier Global 

Environment Facility initiatives addressing food security and commodity deforestation, the 

FSIP currently operates through 32 country-level projects spanning four continents, including 

https://www.pgrindias.in/
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Angola, Argentina, Bhutan, China, India, Indonesia, Kenya, Mexico, Nigeria, Pakistan, Peru, 

and Sri Lanka. 

This breadth reflects a widening international consensus that conventional, input-

intensive food systems are structurally incompatible with climate stability, biodiversity 

targets, and equitable human nutrition goals for the twenty-first century. Policy frameworks 

at both national and supranational levels are beginning to shift subsidy structures toward 

rewarding ecological outcomes soil carbon accumulation, biodiversity enhancement, and 

water quality rather than simply rewarding input volume or gross output. 

 

Illustrative Case Studies 

 

One-Hectare Demonstration Farm, Raichur, Karnataka 
A farm established under the RKVY scheme at the University of Agricultural 

Sciences, Raichur, combined teak boundary plantations, drumstick and curry leaf on field 

bunds, a bullock pair, two dairy cows, sixty poultry birds, a kitchen garden, fish pond, 

vermicompost unit, and a horticulture block intercropping mango with bhendi, ridge gourd, 

and leafy vegetables. Over three years, the model achieved a net income substantially higher 

than conventional single-crop farming on equivalent land. The combination of cotton with 

vegetables, dairy, vermicomposting, and bund fodder outperformed the conventional sole-

crop cotton system on the same land by 26.5 per cent. The economic performance figures are 

presented in Table 1 (Desai, 2015). 

 

Horticulture-Based IFS, Sirohi District, Rajasthan 
Seven IFS models were developed for semi-arid two-hectare plots in Sirohi, ranging 

from simple rabi-kharif cereal combinations to a fully diversified system incorporating cash 

crops, vegetables, fruit, and flowers with direct retail marketing. Within four years, 

participating farmers had doubled household income. Beyond the financial gains, vegetable 

cultivation opened new market participation for women farmers, expanding both economic 

and social agency. Papaya and lime-based nutrition gardens improved dietary outcomes for 

tribal families in the region. Numerical outcomes are summarised in Table 1 (Bhardwaj & 

Vyas, 2015). 

 

IFS Modules for Smallholders in Bihar 
The Bihar models, designed for one- and two-acre landholdings in lowland and 

midland irrigated ecosystems, are notable for the granular accounting of both financial and 

organic returns. The two-acre lowland module allocated proportionate areas to crops, 

horticulture, fish-duck cultivation, dairy, fodder, and vermicompost. Beyond cash income, the 

system recycled nutrients equivalent to approximately 482 kg of urea, 400 kg of single super 

phosphate, and 396 kg of muriate of potash annually, reducing cultivation costs by ₹8,000–

9,000 per year. The one-acre midland module's goat manure and vermicompost similarly 

substituted for ₹4,000 worth of purchased fertilisers annually. Full financial outcomes appear 

in Table 1 (Kumar et al., 2012). 

 

Sikkim: Systemic State-Scale Organic Transition 
Sikkim's trajectory from low-chemical farming to certification as India's and the 

world's first fully organic state merits attention as a governance case study as much as an 

agronomic one. The state government, recognising in 2003 that limited chemical penetration 

due to poor road connectivity was a marketable differentiator rather than a disadvantage, 

adopted a long-horizon strategy: phase down urea subsidies to zero, distribute vermicompost 

https://www.pgrindias.in/
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and earthworms at subsidised rates, offer one dairy cow and government employment per 

farming family during the adjustment period, and promote high-value certified horticulture 

with agri-tourism as a complementary income stream. 

 

Table 3: Comparative Overview of Major Integrated Farming Approaches: Mechanisms, 

Outcomes, and Constraints 

 

Approach Operating Principle 
Productivity 

Advantage 
Key Constraint Selected References 

Crop-Livestock 

Integration 

Closed nutrient loop 

between crop 

residues, manure, and 

soil; animals as 

biological weed/pest 

managers 

On-farm labour 

more than 

doubled; up to 

16× income gain 

over sole-crop 

baseline (Tamil 

Nadu) 

Rotational grazing 

knowledge 

requirement; 

higher daily 

management load 

Venkatadri et al. (2008); 

Manjunath (2002); 

Jayanthi et al. (2000) 

Agroforestry 

(Silvopasture / 

Alley Cropping) 

Deep-rooted trees 

access subsoil 

nutrients and 

moisture; canopy 

moderates field 

microclimate 

Land Equivalent 

Ratio 1.0–1.4; 

compounding 

ecosystem 

services over 

time; soil 

salinisation 

reversal 

Multi-year 

establishment lag 

before economic 

returns; subsidy 

frameworks often 

do not reward tree-

integrated systems 

Graves et al. (2007); 

Cubbage et al. (2012); 

Flinzberger et al. 

(2020); George et al. 

(2012) 

Integrated 

Aquaculture 

(Rice-Fish / 

Rice-Duck) 

Flooded paddy water 

supports 

zooplankton-fed fish; 

duck droppings 

enrich soil; azolla 

fixes atmospheric 

nitrogen 

Rice cultivation 

cost reduced by 

29–34%; grain 

yield climbed 

from ~2,338 to 

>4,000 kg/ha over 

five seasons 

Site-specific 

(wetland/coastal 

lowland); water 

management 

infrastructure 

required 

Padmakumar et al. 

(2002); Mathew & 

Varughese (2007); 

Balusamy et al. (2003) 

Certified 

Organic 

Transition 

(Sikkim Model) 

Phased withdrawal of 

synthetic input 

subsidies replaced by 

vermicompost 

support, diversified 

horticulture, and agri-

tourism 

Rice yield rose 

29% and maize 

yield 14% post-

transition; new 

agri-tourism 

revenue stream 

created 

Requires 

approximately 12-

year transition 

horizon; fails 

without sustained 

farmer income 

support 

Parikh (2023) 

 

Notes: LER = Land Equivalent Ratio (>1.0 indicates the integrated system outperforms 

equivalent separate monocultures on the same total area).  

 

Crucially, the formal ban on chemical farming was not imposed until 2015 twelve 

years into the programme. The contrast with Sri Lanka's abrupt 2021 ban, which produced 

immediate food insecurity, underlines that the pacing of transition and the quality of farmer 

support structures determine success or failure. Post-transition, rice and maize yields both 

rose, confounding predictions of productivity decline. The governance lessons from Sikkim 

are at least as instructive for other states and nations as the agronomic outcomes (Parikh, 

2023). 
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Comparative Synthesis of IFS Approaches 
The four principal integrated approaches crop-livestock integration, agroforestry, 

integrated aquaculture, and certified organic transition differ in operating mechanisms, 

suitability by landscape type, economic timescales, and the nature of constraints they face. 

Table 3 presents a side-by-side comparison that draws on the case evidence reviewed above. 

 

Implementation Pathway and Policy Recommendations 
Moving from awareness to adoption requires a structured, stepwise approach 

applicable at both farm and policy levels. 

 

Farm-Level Entry Points 
Transition begins with baseline assessment: soil nutrient and pH analysis, water availability 

mapping, and an honest audit of available labour, capital, and existing market relationships. 

These data determine which enterprises are viable as initial components and which will 

require further capacity building before introduction. Starting with a single additional 

enterprise a small fish pond, a vermicompost unit, a boundary plantationgenerates 

observational learning and economic returns before the system is scaled. Simple yield and 

income records, whether maintained on paper or through mobile applications, create the 

evidence base for accessing credit schemes, government subsidies, or carbon market 

instruments (Walia et al., 2019). 

 

Policy-Level Enablers 
Systemic adoption of IFS at scale demands that agricultural support mechanisms be 

reoriented from rewarding input consumption to rewarding ecological outcomes. This means 

redesigning subsidies to include soil carbon indicators, biodiversity metrics, and water quality 

parameters alongside or instead of purely volumetric output criteria. Research and extension 

services need institutional restructuring to shift the advisory model from crop-by-crop 

optimisation toward whole-farm systems thinking, with field officers trained in multi-

enterprise dynamics. Certification and premium-labelling pathways must be made genuinely 

accessible to small and marginal farmers. And transition income support comparable to 

Sikkim's approach of dairy animals and employment guarantees during the adjustment period 

is essential to make the financial risk of changing systems manageable for households 

operating close to subsistence margins. 

 

Challenges and Future Directions 
Notwithstanding their demonstrated agronomic, ecological, and economic advantages, 

Integrated Farming Systems (IFS) are constrained by a range of structural, financial, and 

institutional barriers that require systematic evaluation. The initial capital investment 

associated with enterprise diversification—including the development of aquaculture units, 

establishment of perennial plantations, and procurement of livestock—remains prohibitively 

high for smallholder farmers operating under limited liquidity conditions. In addition, the 

management of multiple, interdependent enterprises necessitates higher levels of technical 

knowledge, labor allocation, and managerial skill, thereby increasing system complexity 

relative to monocropping systems. Market access further constrains adoption, as value chains 

for diversified agricultural products are often fragmented, underdeveloped, and less efficient 

compared to those for staple commodities. The transitional phase from conventional to 

integrated systems is also characterized by temporal income instability, which elevates 

perceived risk and may deter adoption among resource-constrained farming households. 

https://www.pgrindias.in/
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Emerging technological and institutional innovations are progressively reshaping the 

economic feasibility of IFS. Advances in gene-editing and plant breeding technologies aimed 

at developing perennial crop varieties offer significant potential to reduce recurrent labor 

inputs while enhancing soil organic carbon accumulation and long-term system stability. 

Concurrently, digital innovations such as blockchain-enabled traceability platforms are 

improving supply chain transparency, enabling producers to authenticate sustainability 

attributes and access premium markets. Furthermore, the expansion of voluntary carbon 

markets is facilitating the monetization of ecosystem services, particularly carbon 

sequestration achieved through agroforestry and conservation-oriented practices, thereby 

generating additional revenue streams that enhance system viability. 

At a conceptual level, the synthesis of evidence presented herein reflects a 

fundamental paradigm shift from input-intensive, reductionist agricultural models toward an 

ecosystem-based systems approach. Integrated farming systems conceptualize the farm as a 

complex adaptive system, wherein ecological interactions among biotic and abiotic 

components underpin productivity, resilience, and sustainability. Within this framework, 

farmers are recognized as knowledge-intensive managers of dynamic biological systems, 

whose experiential knowledge and adaptive decision-making capacities are critical to 

optimizing system performance. In the context of escalating global food demand and 

intensifying climate variability, the large-scale adoption and scaling of integrated and 

regenerative farming systems represent a scientifically robust and operationally feasible 

pathway toward achieving sustainable food production while concurrently restoring 

ecological integrity and enhancing livelihood resilience. 
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