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Review Article

Role of Permaculture in Achieving Sustainability in Modern Horticultural Practices
                                                           Abstract
Permaculture should be viewed as a "community planning philosophy" (Maye, 2018) that aims to re-establish a human-nature connection through regenerative methods, in addition to being a system for producing food. The major issues came from modern agriculturalpracticesthat increase carbon emissions, to reduce such carbon emissions,we have to increase carbon sequestration, but in ruralareas, due to the availability of forest lands or more forest trees, we can assume here the carbon emission problem is lesscompared to urban areas so the organic practices like urban gardens, indoor garden, terrace permaculture practices or miniature forest ideas are best to emit more carbon emission. Towards food security and long-term sustainability,an alternative method of farming should be identified urgently to mitigate the rising problems (Padmavathy & Poyyamoli, 2011). Many sectors of the world, like California, adopted organic farming practices (Schreck et al, 2012), community garden practices in the United Kingdom (Holland, 2004), permaculture approaches in Australia (Copeman,2016),and in Ohio, the organic gardens(Holben, 2011) these countries or places of around the international level in both economically and ecologically taken initiatives towards adoption of small scale alternative agriculture through increasing production by changing land perspectives. Permaculture practitionersmainly focus on approaches like food safety and also emphasize maintenance, preservation, and health factors to reduce environmental health impacts (King, 2012). 
Keywords: Permaculture, Sustainability, Food Forest, Case Study, Horticultural Practices
                                                        Introduction 
Significant environmental issues associated with modern agriculture include biodiversity loss, excessive water consumption, soil deterioration, and water contamination from chemical pesticides and fertilizers. Furthermore, it exacerbates climate change and endangers ecosystems by contributing to deforestation and the release of greenhouse gases. As a solution to these problems, sustainable practices have surfaced as a means of addressing present demands while preserving resources for coming generations. This method, which is sometimes called the sustainability approach, focuses on attaining a balanced integration of economic, social, and environmental elements to promote long-term harmony between people and the natural world (Brundtland, 1987; Elkington, 1997).

The relevance of permaculture in addressing pressing global challenges is increasingly recognized. In the face of environmental issues such as climate change, soil degradation, and the alarming loss of biodiversity, permaculture offers a suite of tools and strategies for creating resilient and regenerative systems. Its emphasis on soil health and carbon sequestration, exemplified by Project Drawdown's estimation that multistate agroforestry, a key permaculture technique, can sequester 4.5 tons of carbon per hectare annually, highlights its potential for climate change mitigation. Instead of fighting nature, sustainable agriculture cooperates with it to produce food in ways that are advantageous to both the environment and humans (Brodt et al., 2011). Various techniques are included in this approach, including precision agriculture, agroforestry, regenerative agriculture, organic farming, conventional agriculture, and urban agriculture. One of the most notable of them is permaculture, which unites ancient knowledge with contemporary farming methods. Based on a design concept that mimics natural ecosystems, it prioritizes sustainable resource management and ethical issues.

The emphasis on closed-loop systems and perennial farming systems in permaculture tackles major issues with contemporary agriculture. Permaculture promotes biodiversity and self-sustaining systems, for example, while traditional farming frequently depends mostly on monocultures and outside inputs, lowering reliance on artificial fertilizers and pesticides. This strategy combines contemporary methods, such as precision farming, with tactics like rainwater gathering, composting, and intercropping to improve soil fertility and water efficiency. Permaculture, which incorporates agroforestry principles, helps sequester carbon, slows down climate change, and creates habitats for beneficial creatures like pollinators.

Additionally, permaculture supports contemporary agriculture's objective of higher productivity in a sustainable manner. It is especially pertinent in the context of global food security as it fosters long-term resilience by creating systems that can adjust to shifting climatic and environmental conditions. According to Mollison (1988), permaculture is a prime example of how sustainable farming methods may combine ecological balance, contemporary technology, and moral stewardship to guarantee that farming not only satisfies present needs but also protects the environment for coming generations.

History of permaculture

The original reference of permaculture refers to permanent agriculture. Later, it changed to permanent culture, and it was named after an emphasis on social and sustainable regenerative systems. Early in the 20th century, Hopkins and King developed the idea of permanent agriculture, setting it apart from American farming ways by taking cues from Asian techniques. With a focus on minimal intervention, Fukuoka's 1978 The One Straw Revolution established "natural farming," sometimes known as "do nothing" farming. Subsequently, Mollison and Holmgren came up with the term "permaculture," which promotes intentionally planned, nature-inspired systems to accomplish self-sustaining and sustainable agriculture. These days, permaculture design applications cover housing, transportation, and energy systems in addition to food-producing systems like farms and gardens. Permaculture designers create "intentionally built landscapes which imitate the patterns and connections seen in nature, while delivering an abundance of food, fibre, and energy for the provision of local requirements," according to Holmgren (Holmgren 2002). The basic idea of perpetual agriculture has developed into permanent culture, or permaculture, which is based on the way human groups arrange themselves.
The role of permaculture
Permaculture is a movement that started in Australia in the late 1970s, aiming to create sustainable communities that work with nature instead of against it. It focuses on using natural resources wisely, like growing a variety of plants, combining crops and animals, managing water well, and using renewable energy. Permaculture also values learning from nature, traditional knowledge, and being creative in designing systems. It encourages people to feel a strong connection to the earth. While it has many positive ideas, some challenges remain, like how to make it work on a larger scale or in different economic settings. Overall, permaculture aims to build resilient, fair communities by blending ecological knowledge, tradition, and innovation.  It has a simple meaning that permaculture means permanent agriculture.
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                                Figure 1. Sustainable benefits of permaculture
The three core ethics of permaculture
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                                           Figure 2. Ethics of permaculture
At its core, a principle by Copeman describes "permaculture" as a sustainable way of coexisting with nature that applies the three ethical precepts of "care for the people, care for the soil, and care for the environment (Copeman, 2016).These ethics promote environmental conservation and human well-being equally, separating permaculture from viewpoints that focus only on ecological or social issues.
Principles of Permaculture
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 Figure 3: Holmgren (2002) refined and redefined the principles of permaculture by revisiting its concepts, theories, and applications
· A bird's eye perspective on permaculture benefits on grower land (Mollison et al.,1991):

A system that works in nature with harmony and aims for sustainability, resource utilization, a self-sufficient environment, along with food supplies that are regenerative, is the real meaning and understanding that permaculture provides us.
· During times of drought conditions, an independent supply of water is needed for the land. The rainwater or catchment using gullies or a rainwater harvesting structure is a hope for mitigating water logging conditions.
· A regenerative source of supplies that is essential for human life, as nature is important, so a food forest is the best example to bring harmony with nature, to maintain all compositions sustainablywhile keeping the environmental elements in a balanced state that repeatedly benefits humans along with the wildlife.
· As we can see, the perspectives of regenerative food forest not only help humans as a source of food,but it also givesresources to wildlife. As we can see pond is home to fish, frogs, along with the pest control and water quality of the pond maintained by these two. For human eye frog is for pest control and fish poop used as manure and also fish is used as food source for humans.
· Natural fertilizers, such as compost, vermicompost, and manure, are recognized as the most beneficial type of fertilizer, as they not only benefit the plant but also do not negatively impact the environment. When the farmer or grower goes towards natural fertilizer preparation for their food forest, he or she should incorporate vermiculture because in vermicompost, the earthworms are the major factor that turns the plant waste into black gold or compost. When the earthworm population increases, we can use them for fish feed to maintain balance in the pit, which reduces the cost of fish feed.The vermiculture not only increases productivity but also provides fish feed that increases productivity by 300%.
· As for pollination in food forests, if no availability of natural insects to act as a source of pollination, we can go for bee culture. Bees not only provide a pollination service, but they also provide waxes, honey, and some other byproducts that are useful for us.
· Pest management is an important aspect that helps us reduce economic loss. Weeds and pests are the major factors that damage the crop, along with those that spread.
· In the agricultural area, the employment of beneficial insects such as ladybug beetles and Trichoderma sp. is crucial for reducing pest and disease infestations. This is because biological pest management tactics aim to lessen the chemical impact on the environment.

· In some country fields of Asian regions, there is a traditional method of lowland rice cultivation in which they don’t use fertilizers for rice growth; instead of chemical fertilizer, they incorporate fish during the peak period of water availability and at the time of rice maturity the fish also matures so they got rice with fish for their extra income along that they didn’t spend a single penny on chemical fertilizers it’s an indigenous traditional knowledge.  
· Some farmers do integrate rice-duck farming. Rice crop fields act as a food source for duck growth and management. There is a symbiotic relationship between rice and duck. The insect pest is present in rice fields used as duck feed, and the excreta of ducks is used as a source of manure for rice growth and development.  Later on, ducks can help to generate a free-range source of eggs, meat for human consumption. 
· If someone is doing a food forest which they should promote the growth of wildflowers, which attract wild bees, and these wild bees are helpful for the pollination of plants. 

· If someone has a natural source of energy, such as a river, a stream of water, they can generate electricity/power with hydropower, like pumping water, turbines. 
· The above examples demonstrate how permaculture on your land should have more than one use. 

· Permaculture is not about crop or farm practices; it’s a practice that brings humans towards the importance of nature and proper management of the environment along with it. 

· The above points will give a clear understanding of the beneficial impact of permaculture on a grower’s land. 
· Permaculture adoption in different countries: 
Table 1: Permaculture Adoption: Developed vs. Developing Countries
	Aspect
	Developed Countries
	Developing Countries

	Motivation
	Environmental sustainability and lifestyle enhancement.
	Addressing food insecurity, poverty, and land degradation.

	Economic Support
	Strong government policies, grants, and subsidies for sustainability.
	Relies on NGO support, community initiatives, and local resource usage.

	Technology Integration
	Advanced tools like precision agriculture and renewable energy systems.
	Focus on low-cost, resource-efficient practices using traditional methods.

	Awareness and Education
	Widespread educational resources, workshops, and awareness campaigns.
	Limited access to training; community-driven knowledge sharing.

	Focus Areas
	Urban gardening, biodiversity, and reducing food miles.
	Rural food security, soil fertility improvement, and climate resilience.

	Barriers
	High initial costs and long-term ROI considerations.
	Economic constraints, land ownership issues, and lack of market access.


Challenges:
· Awareness Gaps: Limited knowledge dissemination in developing countries contrasts with high awareness in developed regions (Smith et al., 2018).

· Economic Priorities: Short-term survival in developing nations often overshadows long-term permaculture benefits (FAO, 2021).

Opportunities:
· Global Collaboration: Shared platforms and funding from international organizations enhance mutual benefits (International Permaculture Association, 2022).

· Knowledge Exchange:The Transfer of affordable technologies and practices tailored to local contexts can bridge gaps (FAO, 2021).
Results of Adoption (Illustrative Examples)
1. Developed Countries:
· United States (2010-2025): Rapid urban permaculture adoption in cities like Portland and San Francisco, with initiatives reducing food waste and enhancing urban green spaces.

· Australia: Early adoption led to nationwide networks promoting permaculture farms, with significant contributions to carbon sequestration.

2. Developing Countries:
· India (2015-2025): Smallholder farmers adopting permaculture practices in Andhra Pradesh improved yields by 20% while reducing input costs by 30%.
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Kenya: Community-driven permaculture projects enhanced food security and resilience against droughts.

                 Figure 4. Comparative year-by-year permaculture adoption rates
· Urban Permaculture Practices: 
A major problem in urban areas is the pollution of automobiles, industry, manufacturing units, and highly volatile vehicles, modern agriculture practices like GMO crops, heavy dosage of inorganic fertilizers for plant growth, inorganic pesticides, and herbicides. Urban permaculture is the best solution for reducing pollution at the grassroots level (Lal, 2014).
The Benefits of Urban Permaculture for Sustainability:

By encouraging self-sufficient systems that balance the ecological, economic, and social facets of urban life, urban permaculture substantially contributes to sustainability. Key ways that urban permaculture encourages sustainability are listed below:

1.  Effectiveness of Resources:

 Utilizing local resources like electricity, water, and organic waste efficiently is emphasized by urban permaculture.  Reliance on municipal systems is decreased by methods like greywater recycling and rainfall collection.  The loop in nutrient cycles is closed, and landfill contributions are reduced by composting organic waste into nutrient-rich soil amendments (Holmgren, 2002).
2. Producing Food Locally:
Urban permaculture promotes local food production by encouraging techniques including community gardens, rooftop gardens, and vertical farming.  This improves urban foodsecurity and lowers transportation's carbon footprint and food miles (Ferguson & Lovell, 2014).
3. Improvement of Biodiversity:
 Integrating a variety of plant species, such as native and pollinator-friendly plants, is a top priority in permaculture systems.  According to Mollison and Slay (1991), this promotes urban biodiversity, establishes habitats for advantageous creatures, and guarantees ecological stability.
4. Decrease in the Carbon Footprint:

 With their focus on green areas with plants, urban permaculture systems serve as carbon sinks, absorbing CO₂ and reducing the impact of the urban heat island.  Another way to lower greenhouse gas emissions is by including renewable energy sources like solar panels into designs (Ferguson & Lovell, 2014). 
5. Sturdiness of the economy:

 Urban permaculture decreases reliance on outside markets for food, water, and energy by promoting inexpensive, self-sufficient solutions.  In the face of global uncertainty, this encourages economic stability for households and communities (Holmgren, 2002).

6. The Sustainability of Society:

Using workshops, communal gardens, and sustainable practices, urban permaculture promotes community involvement.  According to Mollison and Slay (1991), it fosters a sense of belonging and environmental responsibility while equipping people with the skills necessary for self-reliance.Urban permaculture is a fundamental component of sustainable urban development that balances ecological preservation with human needs.
· Permaculture in India: 
· Bill Mollison introduced permaculture to India in 1986. Workshops and collaboration with NGOs led to the establishment of the first demonstration farm in Andhra Pradesh, the publication of educational materials, and the formation of the Permaculture Association of India in 1989 (Fadaee, 2019).

· Growth: Initially concentrated in Southern India, permaculture became a national movement with events, demonstration sites, and networks. The 2016 National Permaculture Convergence (NPC) and 2017 International Permaculture Convergence (IPC) accelerated its reach, bringing together farmers, academics, and practitioners (Fadaee, 2019).

· The permaculture practice was introduced to India for many accounting reasons,but we only discuss the key or major reasons. Starting from the green revolution, climate change, food demand for the rising population, health concerns but there are something we forget that India is home to small and marginal farmers, whose land holding capacity is less than 1-2 ha,and mostly they are farmers so they face the grassroot problems than other people of India because the introduction of high yielding, genetically modified crops are generally uptake more care and nutrition than other traditional crops. 
· Due to the limited availability of land for each farmer inIndia, they generally cultivate cash crops like cotton, etc. may be its right cash crops that earn more than food crops.This may be a reason for food scarcity. Even the farmers don’t have enough foodforthemselvesand theirfamilies. 
· Due to India's falling rainfed condition, water scarcity is a major issuein India.As we mentioned before,India is the land of small and marginal farmers, so they generally depend upon monsoon or rainfall. Researchreveals that half of the Indian states do not fall under rainfed, while some fall under rainfed. The states like Odisha,Madhya Pradesh, Andhra Pradesh, Bihar, West Bengal, Karnataka, these states are rainfed, while Punjab,Rajasthan, and Haryana, these northern states are entirely irrigated (Ministry of Agriculture and Farmers’ Welfare, 2016). 
· To outcome these low-income factors of agriculture in India, the Indian government offered various solutions and with the least backup plan to reinitiate the backbone of the country,many extension officers and the government. Agenciessuggest organic farming, but looking at its criteria and certification process,many farmers take their step back because the farmers who were once fond of cash crops never focused on food crops(Mohapatra & Saha, 2019). 
· How permaculture design started: 
· Observing and comprehending the natural ecosystem is crucial to permaculture to make deductions for creating new, productive, non-polluting ecosystems. Patterns can be created by studying natural events todevelop a comprehensive system. Energy is absorbed and assimilated by nature in many forms. The designer uses their insights to assist in imitating nature to fit a certain scenario (Holmgren, 2002). 
· In concrete permaculture design, landscapes are divided into sectors (current and future energy sources, wildness, temperature, light sources, etc.) and zones (of everyday life: people, machinery, animals, dwellings, and food items). We look for trends in these industries and zones. Ultimately, the space utilized accommodates a few fundamental patterns (Mollison & Slay, 1991).
· Effective design emerges from a balanced and harmonious connection between nature and humanity. It draws inspiration, ideas, and patterns from keen observation and meaningful engagement. Design cannot be created in isolation; instead, it evolves through ongoing and mutual interaction with its subject (Holmgren, 2002).

· David Holmgren, a leading figure in permaculture, contends that it offers solutions to numerous challenges modern society faces. Its principles can be applied across diverse areas, including housing, transportation, economics, and essential food production (Ballarat, 2018).
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                        Figure 10:  Multilayer farming system for sustainable permaculture farms
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From all the above figures, these are some of the examples of how permaculture helps to bring sustainability in farm operations and efficient space utilization. 
· Figures 5 and 8 indicate how we can accumulate a greater number of crops by effectively utilizing space. It's best, and also, this systemrequiresa smalleramount of water and requires less fertilizer for plant growth and development.
· Figure 10 indicates that if someone is making a farm, the person should follow the layer trick of planting in that he can benefit by doing farming layer-wise with different companion plants. 
Some permaculture designs that are practiced by farmers:
1. Sepp Holzer’s Permaculture (Holzer, 2004):
Sustainable agriculture methods that replicate and coexist with natural ecosystems are thoroughly examined in A Practical Guide to Small-Scale, Integrative Farming and Gardening. Holzer describes techniques that turn difficult terrains into flourishing landscapes, drawing on decades of experience running his high-altitude Krameterh of farm in Austria. He presents creative methods, including building terraces to level down slopes, making ponds to hold water, and making raised beds for effective planting. The ecological and economic advantages of growing a variety of crops and utilizing natural predators to control pests are highlighted by his preference for diversification over monoculture. As part of Holzer's strategy, humus storage ditches, polycultures that promote resilience and production, and organic composting are all methods for enriching the soil. Furthermore, his book describes workable methods for incorporating animals, such as pigs and poultry, which improve the sustainability of the farm in addition to aiding in land management. Additionally, Holzer explores specialized systems including agroforestry, mushroom farming, and the utilization of microclimates to sustain a variety of plant and animal species. As a fundamental component of permaculture, he highlights water management, including methods such as creating wetlands, water gardens, and systems to reduce runoff and replenish groundwater. By encouraging readers to observe and modify their approaches according to their particular settings, the book blends technical insights with a more general concept of working with nature rather than against it. Holzer offers a versatile model that may be used in a range of climates and scales, from tiny gardens to big agricultural enterprises, by fusing ecological principles with realistic farming methods. His writings act as a guide for developing sustainable systems and an appeal to accept permaculture as a practical substitute for industrial farming, which hurts people and ecosystems.
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2. Hügelkultur Permaculture: 
Hügelkultur, often known as "hill culture," is a permaculture technique that enhances crop growth and sustainability by using raised beds composed of organic debris, soil, and decaying wood. Pumpkins and lettuce were planted on sunny south-facing and gloomy north-facing slopes of hügel beds in this study to examine their capacity to prolong growth seasons. Flat beds were used as a comparison. According to preliminary findings, hügel beds' increased organic matter content and distinct microclimates resulted in superior plant growth and yields. While north-facing slopes were colder and kept moisture, which benefited cool-season crops, south-facing slopes were warmer and better suited for warm-season crops. Compost, wood, and soil are layered to create hügel beds, which enhance soil fertility and moisture retention as they break down over time. These beds were also utilized in the research to instruct permaculture classes on sustainable agricultural methods. Although further study is required to prove long-term advantages, the findings indicate that hügelkultur can promote sustainable [image: image18.png]


agriculture, prolong growing seasons, and minimize the demand for water and fertilizer.
3. Syntropic Permaculture: 
Inspired by Ernst Götsch, syntropic permaculture is a regenerative agriculture system that aims to improve production and biodiversity while restoring damaged areas.  It incorporates agroforestry practices and a variety of plant species to replicate natural ecosystems, encouraging natural succession and stratification.  Core methods include planting species that improve soil fertility, water retention, and carbon sequestration, as well as rigorous mulching and smart pruning.  By reducing erosion and promoting resilient microclimates, these initiatives enhance soil quality. By establishing habitats for wildlife and pollinators, the technique improves ecosystem services like organic pest management and promotes biodiversity.  Its tiered vegetation layers increase biomass and food production by optimizing light utilization.  In keeping with low-input organic farming methods, it also reduces dependency on chemical inputs.  This strategy works to rehabilitate marginal or degraded areas and enhance climate resilience. Syntropic permaculture, which combines reforestation with food production, has two advantages: it promotes conservation objectives and creates financial prospects for sustainable agriculture.  By encouraging long-term ecological and economic equilibrium, this self-sustaining system serves as an example of regenerative land. 
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management.
4. Agroforestry system: 
Permaculture's foundation, agroforestry, combines trees, shrubs, crops, and livestock in a sustainable, cooperative system that resembles natural ecosystems. This strategy keeps the environment balanced while increasing production.  In addition to producing food, fuel, fodder, and lumber, these systems increase biodiversity, improve soil fertility, preserve water, and control the temperature. Creating resilient, regenerative landscapes that benefit both people and the environment is how agroforestry complies with permaculture principles. Because it lessens reliance on outside resources, it is a sensible and sustainable method of managing land. 
The system is classified into several types:
· Alley Cropping: Crops are cultivated between rows of trees, optimizing land use and improving soil health.

· Silvopasture: Combines trees and grazing livestock, offering shade, fodder, and enriched soil through manure.

· Windbreaks: Trees or shrubs are planted to protect crops, reduce wind erosion, and create microclimates.

· Forest Farming: Shade-tolerant crops are grown under tree canopies, promoting biodiversity and sustainable harvesting.

· Riparian Buffers: Trees and vegetation are planted along waterways to prevent erosion and filter pollutants.
[image: image21.png]Observe and interact

Catch and store energy

Obtain a yield

Apply self-regulation
and accept feedback

Use and valuerenewable
ources and s

Produceno waste

Design from patterns to
details

Integrate, do not
segregate

Use small and slow
solutions

Use and value diversity

Use edges and value the
marginal

Creatively use and
respond to change




Precision Agriculture in Permaculture:
Permaculture and precision agriculture are two different but complementary methods that work well together to build resilient and sustainable agricultural systems.Utilizing cutting-edge technology like GPS, remote sensing, and data analytics, precision agriculture maximizes input utilization and boosts output.  Contrarily, permaculture emphasizes holistic design concepts that emulate natural ecosystems to attain long-term sustainability. Through the incorporation of precision agricultural instruments into permaculture systems, farmers may optimize resource management, reduce their ecological footprint, and boost biodiversity.For example, permaculture designs can combine weather prediction models and soil moisture sensors, which are frequently used in precision agriculture, to guarantee the best crop rotation and irrigation techniques.  Additionally, in a permaculture environment, precise mapping facilitates the identification of soil heterogeneity and microclimates, allowing for more effective plant species and structure placement. To optimize yields and preserve ecological balance, this synergy promotes a profitable, regenerative agricultural system (Altieri, 2018).
Precision agriculture, for instance, may track plant development and health in real time using drones fitted with multispectral sensors, allowing for prompt interventions like insect control or targeted fertilization.  Because the data-driven method guarantees that treatments are only performed when necessary, these technologies help permaculture achieve its objective of limiting chemical inputs while lessening its impact on nearby ecosystems.  Furthermore, automated technologies that assess moisture levels, such as soil sensors, can assist in optimizing water usage. This is crucial for permaculture designs that prioritize water saving through ponds and swales.  The two strategies work together to create a regenerative agricultural system that is both ecologically benign and productive, solving the problems of contemporary agriculture and promoting ecosystem health (Lal, 2019).

· Case study of permaculture farms around India: 
Living Farms (Rayagada, Odisha)

Living Farms is an NGO based in Bhubaneswar, led by permaculturist Debjit Sarangi. It focuses on empowering local communities in Odisha by promoting sustainable agriculture, particularly among the Kondh tribe in Rayagada. The organization addresses food insecurity caused by monoculture farming, timber mafias, and governmental neglect by teaching tribal women to protect forests, grow organic food, and advocate for fruit-bearing plants to meet their children's nutritional needs. They have also set up a consumer-producer group to facilitate the marketing of locally grown organic produce, aiming to enhance food security and reduce poverty (Living Farms, 2018).
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Basudha (Bankura, West Bengal, and Odisha)

Founded by Dr. Debal Deb, Basudha started in West Bengal and later moved to Odisha, focusing on conserving indigenous rice varieties and promoting organic farming. Through the open-access seed bank "Vrihi," Basudha has collected over 1,420 native rice varieties from across India and other countries. The farm operates with a zero-input system, relying solely on local resources. Basudha also focuses on ecological farming, human ecology, and eco-forestry practices, offering an alternative to industrial agriculture. It serves as a model for sustainable, biodiverse farming and provides training to farmers globally (Vidal, 2014).

Sambhav (Nayagarh, Odisha)

Sambhav, founded by Sabarmati and Prof. Radhamohan in 1989, began as an effort to restore 1.5 acres of barren land in Nayagarh, Odisha. Over three decades, they successfully transformed the land into a lush green forest, focusing on organic farming, permaculture, and climate-resilient agriculture. Sambhav conserves over 493 varieties of indigenous rice seeds and offers them to local farmers. The project also emphasizes water conservation and gender equality. Through sustainable agricultural practices, Sambhav has demonstrated the viability of organic farming and created a self-sustaining, biodiverse system while promoting food sovereignty in the region(Down to Earth,2018).


Conclusion: 
Permaculture is a transformative approach to sustainable agriculture, addressing challenges like climate change, biodiversity loss, and food insecurity through regenerative practices. Integrating traditional knowledge with modern innovations, it emphasizes biodiversity, soil health, water management, and resource efficiency. Techniques such as agroforestry, hügelkultur, and syntropic farming reduce reliance on chemical inputs while enhancing productivity and resilience.Globally, permaculture is embraced for its adaptability, improving food security and environmental health in both developed and developing regions. Indian initiatives like Sambhav and Living Farms showcase their impact, promoting biodiversity, organic farming, and community empowerment.By focusing on ethical principles—care for people, earth, and fair resource use—permaculture fosters ecological balance, social equity, and economic stability. Its scalablenature makes it a vital tool for addressing modern agricultural and environmental challenges, ensuring a sustainable future for both people and the planet.
COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.

References 
Altieri, M. A. (2018). Agroecology: The science of sustainable agriculture. CRC Press.

Berkes, F., Colding, J., & Folke, C. (2000). Rediscovery of traditional ecological knowledge as adaptive management. Ecological applications, 10(5), 1251-1262.https://doi.org/10.1890/1051-0761(2000)010[1251:ROTEKA]2.0.CO;2
 Bianchi, F. J., Booij, C. J. H., &Tscharntke, T. (2006). Sustainable pest regulation in agricultural landscapes: a review on landscape composition, biodiversity, and natural pest control. Proceedings of the Royal Society B: Biological Sciences, 273(1595), 1715-1727.https://doi.org/10.1098/rspb.2006.3530
Biggs, R., Schlüter, M., Biggs, D., Bohensky, E. L., BurnSilver, S., Cundill, G., ... & West, P. C. (2012). Toward principles for enhancing the resilience of ecosystem services. Annual review of environment and resources, 37(1), 421-448.https://doi.org/10.1146/annurev-environ-051211-123836
Bolan, N. S., Szogi, A. A., Chuasavathi, T., Seshadri, B., Rothrock Jr, M. J., & Panneerselvam, P. (2010). Uses and management of poultry litter. World's Poultry Science Journal, 66(4), 673-698.DOI: https://doi.org/10.1017/S0043933910000656
Bot, A., & Benites, J. (2005). The importance of soil organic matter: Key to drought-resistant soil and sustained food production (No. 80). Food & Agriculture Org.

Brodt, S., Six, J., Feenstra, G., Ingels, C. & Campbell, D. (2011). Sustainable Agriculture. Nature Education Knowledge 3(10):1.

 Brundtland, G. H. (1987). Our common future: world commission on environment and development.

Copeman, D. (2016). Permaculture: Design principles for urban sustainability. In Steering Sustainability in an Urbanising World (pp. 43-54). Routledge.

De Tombeur, F., Sohy, V., Chenu, C., Colinet, G., & Cornelis, J. T. (2018). Effects of permaculture practices on soil physicochemical properties and organic matter distribution in aggregates: A case study of the Bec-Hellouin farm (France). Frontiers in Environmental Science, 6, 116.https://doi.org/10.3389/fenvs.2018.00116.

Down to Earth. (2018, December 17). How a farmer turned 90 acres of wasteland into a lushgreen forest in Odisha. https://www.youtube.com/watch?v=C08FAa-Vlj0.

Elkington, J., & Rowlands, I. H. (1999). Cannibals with forks: The triple bottom line of 21st century business. Alternatives Journal, 25(4), 42.

Fadaee, S. (2019). The permaculture movement in India: A social movement with Southern characteristics. Social Movement Studies, 18(6), 720-734.https://doi.org/10.1080/14742837.2019.1628732
FAO (2021). Permaculture as a Solution to Climate Change in Developing Countries. Rome, Italy.

Ferguson, R. S., & Lovell, S. T. (2014). Permaculture for agroecology: Design, practice, movement, and worldview. Agronomy for Sustainable Development, 34(2), 251–274. https://doi.org/10.1007/s13593-013-0181-6. 

Gundersen, D.T., O'Day, T. (2009). Permaculture, A Natural Systems Design Approach For Teaching Sustainability In Higher Education: Pacific University's B-Street Permaculture Project. In: Allen-Gil, S., Stelljes, L., Borysova, O. (eds) Addressing Global Environmental Security Through Innovative Educational Curricula. NATO Science for Peace and Security Series C: Environmental Security. Springer, Dordrecht. https://doi.org/10.1007/978-1-4020-9314-2_16
Holmgren, D. (2002), Permaculture: Principles and Pathways Beyond Sustainability (Hepburn Springs: Holmgren Design Services).

Holzer, S. (2004). Sepp Holzer’s permaculture. Graz, Austria: Leopold Stocker.

Karim, M. E. (2018). Exploring the impact of climate change on the outbreak of early twenty-first-century violence in the Middle East and North Africa, and the potential of permaculture as an effective adaptation. Weather, climate, and society, 10(1), 179-186.https://doi.org/10.1175/WCAS-D-16-0130.1
Lahangir, S. (2014). Tribal women find empowerment in the food items they collect from the forests. Weekend Leader, 5(1).http://www.theweekendleader.com/Culture/1790/native-nutrients.html.

Lal R. (2014) Abating Climate Change and Feeding the World Through Soil Carbon Sequestration. In: Dent D. (eds) Soil as World Heritage. Springer, Dordrecht DOI: https://doi.org/10.1007/978-94-007-6187-2_47
Lal, R., Bouma, J., Brevik, E., Dawson, L., Field, D. J., Glaser, B., ... & Zhang, J. (2021). Soils and sustainable development goals of the United Nations: An International Union of Soil Sciences perspective. Geoderma Regional, 25, e00398.https://doi.org/10.1016/j.geodrs.2021.e00398.

Living Farms. (2018). Nutrition gardens. https://livingfarms.wordpress.com/nutritiongardens/. 

Ministry of Agriculture and Farmers’ Welfare. (2016). State of Indian Agriculture 2015- 2016. Government of India. https://eands.dacnet.nic.in/PDF/State_of_Indian_Agriculture,2015-16.pdf. 

Mohapatra, L., Saha, G. (2019). Cotton Farming in India: Alternative Perspectives and Paradigms. In: Nayak, A. (eds) Transition Strategies for Sustainable Community Systems. The Anthropocene: Politik—Economics—Society—Science, vol 26. Springer, Cham. https://doi.org/10.1007/978-3-030-00356-2_17
Mohapatra, L., Saha, G., & Agrawal, S. (2020). Design intervention through permaculture and social change: Case studies from selected Indian farming sectors. IFFTI 2020: Between Individual and Society. The Individual.

Mollison, B. (1988). Permaculture: a designer's manual.

Mollison, B. C., Slay, R. M., Girard, J. L., & Girard, J. L. (1991, January). Introduction to permaculture. 

Mollison, B. with Slay, R. (1991), Introduction to Permaculture. Tagari publications. 

Smith, G., Archer, R., Nandwani, D., & Li, J. (2018). Impacts of urbanization: diversity and the symbiotic relationships of rural, urban, and spaces in-between. International Journal of Sustainable Development & World Ecology, 25(3), 276-289.https://doi.org/10.1080/13504509.2017.1383321
Vidal, J. (2014, March 18). India’s rice warrior battles to build living seed bank as climatechaos looms. Guardian. https://www.theguardian.com/globaldevelopment/2014/mar/18/india-rice-warrior-living-seed-bank. 

Yadav, S. P. S., Lahutiya, V., Ghimire, N. P., Yadav, B., & Paudel, P. (2023). Exploring innovation for sustainable agriculture:A systematic case study of permaculture in Nepal. Heliyon, 9(5).https://doi.org/10.1016/j.heliyon.2023.e15899
Image source: 
Figure5:https://www.treehugger.com/thmb/bYS0lqvetIu5X4hWuoQRlPaM=/1500x0/filters:no_upscale():max_bytes(150000):strip_icc()/LaFermeduBecHellouin-fbd0370393284d659a25ae64eee11f8f.jpeg
Figure6:https://images.buildwithrise.com/image/upload/c_fill,w_690/f_auto/q_auto/l_rise_logo_white/c_scale,w_50/o_30/e_anti_removal:25,fl_layer_apply,g_south_east,x_15,y_15/v1/article_media/Keyhole-garden-bed_tcibqe?_a=DATAg1ccZAA0
Figure7:https://brindavanagardens.com/wp-content/uploads/202504flower-garden-ideas-22.jpg
Figure 9: https://i.pinimg.com/736x/af/31/fe/af31fe0af5516ea5aa5ce27e74275fce.jpg .

Figure10:https://encryptedtbn0.gstatic.com/images?q=tbn:ANd9GcSJuNIgxIOKrUjncs8ez_ym1aFwz63b_-HxdQ&s.

Figure 11: https://i.pinimg.com/474xd68ad2d68ad2a1be9db93ff9118b08aeaf2eba.jpg.

Figure13:https://encryptedtbn0.gstatic.com/images?q=tbn:ANd9GcRsrzV2P3_bURO6Z0S3QO_oSlU7FImthtLiOg&s.

Figure 16: https://miro.medium.com/v2/resize:fit:1100/format:webp/0*8FXcxlYm8OSzNrXh
Figure17:https://miro.medium.com/v2/resize:fit:1100/format:webp/0*8xphBYhE_H9s00L6.jpeg
Figure 18: https://horticulture.tg.nic.in/AGRFORST/images/AH%20System.jpg.

Figure20:https://encryptedtbn0.gstatic.com/images?q=tbn:ANd9GcQNUuQXicrI_xj5wRy0hMKv-hUpzJH9ccEGcw&s.

Figure 21: https://i.ytimg.com/vi/C08FAa-Vlj0/mqdefault.jpg.

.

[image: image2.png]



�


Figure 6: A key hole design is usually made for herbal and medicinal, or some pot plants 
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Figure 5: Mandala landscape design for accumulation of more plants in a short space. 
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Figure 9: Modified raised bed design that is built to trap rainwater. 





�Figure 8: A spiral bed design that accommodates more plants than a straight-line design 























�Figure 7: Spiral bed design for small plants 
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�Figure � SEQ Figure \* ARABIC �1�1: A sustainable design combining both mandala and keyhole design, especially for permaculture farming systems. 











�Figure 14: A landscaped design that works in harmony with nature was made at the Krameterhof. 




















�Figure 13: An animal shelter made by Holzerin his permaculture farm. 























�Figure 12: Holzer’s Krameterhof farm made at 1400 MSL
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Figure 15: A visual representation of the hill culture construction process. A) completed trench, B) Base layer of large wood fills the trench, C) Second layer of wood on the top of raked compost, D) Second layer partially covered with soil, E) Third layer of wood topped with combination of soil and compost after raking, F) Final layer of twig-sized wood, G) A completed hugel bed. 

















�Figure 17: An established syntropic permaculture 








�Figure 16: Syntropic permaculture root system
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            Figure 18: Different agroforestry systems used for sustainable farms 





Figure 19: Forest foods available in Rayagada (Langahir, 2014)
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Figure 20:  The forest protection group of Patangpadar village in Muniguda, Rayagada (Langahir, 2014).


�





Figure 22: Indigenous rice seed varieties preserved at Sabmbhav, Nayagarh, Odisha (Down to Earth, 2018)�





Figure 21:  Food forest in Rohitank, Nayagarh


(Down to Earth, 2018)
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