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Abstract 

Child malnutrition rates are high in Rohingya refugee camps. According to the United Nations’ 2023 

estimates, over 57,000 children under five in the camps suffer from acute malnutrition (United Nations, 

2024). Population density influences issues such as malnutrition and scarcity; Bangladesh, for instance, is 

a densely populated country with around 171,186,372 people (The World Bank, 2022). The urban 

population is around 39.71%, and 60.29% resides in rural areas (Kameke, 2024). However, lower 

urbanization in Bangladesh means a significant portion of the population does not have access to quality 

employment or housing (United Nations, 2020). The average household size in rural areas is 4.3 people, 

and most dwelling units in rural Bangladesh are in poor condition and are built with temporary materials, 

such as bamboo and reed (Bangladesh Bureau of Statistics, 2023). In terms of land, 62.3% of land in 

Bangladesh is arable (The Global Economy, n.d.). Additionally, eight million hectares of land are being 

utilized (Macrotrends, n.d.). In comparison to the average farm size in the U.S., Bangladeshi farm sizes 

are on average 1,877 times smaller (Shahbandeh, 2024). Many rural residents in Bangladesh make their 

living from agriculture and are unable to make adequate incomes to survive (Land Links, n.d.). Farmers 

utilize traditional subsistence farming to produce products such as rice, fruits, fish, and dairy and produce 

food from the limited amount of land available to them (Hix, 2006; International Trade Administration, 

2022). As a result, scarcity is a significant issue within Bangladesh. Due to its dense population and 

limited resources, Bangladesh is particularly at risk of climate change and famine. This research paper 

explores improving sustainability within Bangladesh through utilizing agroecology, organically focused 

agriculture, polyculture, backyard farms, community-supported agriculture, permaculture, and artificial 

intelligence (AI) in conjunction. 

Background and Context 

 

Daily consumption needs in Bangladesh are often unmet because nutritious foods are not easily accessible 

at local shops. Foods like meat, eggs, and fish account for less than 10 percent of a rural person’s diet, and 

flash floods and droughts can lead to food shortages (Rahman & Ferdousee, 2023). The typical rural diet 

in Bangladesh is not well-balanced due to the methods of food preparation; rice and cereal are the main 

foods consumed in Bangladesh, and minerals and vitamins are lost while washing rice before cooking. 

Occasionally, vegetables, fish, meat, and dairy products are eaten when available. However, many 

citizens in Bangladesh are not receiving the necessary proteins and micronutrients to be fully healthy. 

Barriers such as high food prices and transportation are prompting people in Bangladesh to consume 

vegetables and fruits less (Bhattacharjee et al., 2007).  

  

Moreover, a study on the impact of welfare on market participation, led by Mohammad Hoq (a scientific 

officer at Bangladesh’s Agricultural Research Institute), found that most farmers living in remote areas 

face insufficient transportation and poor market infrastructure. As a result, market access for 

Bangladesh’s citizens in rural areas becomes significantly difficult (Hoq et al., 2021). Additionally, a 

research study spearheaded by Hitomi Hinata, a University of Tokyo graduate and specialist in global 

health policy, discovered that over two-thirds of women from Bangladesh report experiencing at least one 

perceived barrier to accessing healthcare. However, women who were in the richest wealth percentile or 

who owned a mobile telephone had lower rates of experiencing barriers to healthcare (Hinata et al., 

2024). Socioeconomic status heavily influences accessibility to resources; while people in rural areas 
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struggle with access to local markets and health care, low-income people within urban centers commonly 

experience unstable employment and inhabit unhygienic and cramped areas (Action on Poverty, n.d.). 

 

Moreover, challenges to fully obtaining sustainability within Bangladesh’s agriculture are a lack of arable 

land and low agricultural productivity. Bangladesh is susceptible to destructive weather events 

(Burlingame et al., 2019). When impoverished people are unable to buy new equipment, sustainable 

farming becomes unrealistic for poor farmers; rural farmers do not have a backup source of income, and 

they are often forced to migrate to urban areas or sell their livestock (Shinde & Modak, 2013). As a result, 

unstable weather increases poverty for those who rely on farming for their livelihood in Bangladesh. 

  

Furthermore, rapid urbanization in Bangladesh is negatively impacting the ecological balance. Farmland 

is decreasing at a rate of almost 1% every year. It is estimated that if Bangladesh continues losing 

farmland, there will be no usable land left after 2050. With support from other nations, Bangladesh's 

government is following sustainable methods for its agriculture, and longevity in Bangladesh is steadily 

improving (The Borgen Project, 2018). A significant challenge for food and soil security is land 

degradation. Bangladesh’s government has shown interest in reversing land degradation by 2030. 

However, research finds that only the soil carbon stock is improving in Bangladesh. The rates of soil 

erosion, deforestation, and landslides are continuing to increase. The soil health of Bangladesh is 

negatively impacted by weak soil governance (Khan & Shoumik, 2022). Unplanned urbanization and 

rapid industrialization have caused over 69,000 hectares of agricultural land to decline yearly. Surges of 

refugees, like the Rohingya, migrating to areas cause a significant amount of deforestation within 

Bangladesh. The Rohingya's exposure to environmental disasters has increased due to the scale of 

environmental destruction (Ahmed et al., 2021). The infrastructure and concentrated population both 

contribute to cities becoming vulnerable to climate change and other environmental stressors within urban 

areas. Thus, food sustainability in Bangladesh is also becoming vulnerable (Rezvi, 2018). 

 

Moreover, Dravidians are one of the oldest ethnic communities in Bangladesh and are mainly represented 

by the Santals, the biggest ethnic minority in Bangladesh's northern area (Ahsan, 2019). Agriculture is the 

main source of income for the Santals; they mainly farm crops like rice, tobacco, mustard, leafy 

vegetables, and cotton, and their farming practices are centered around traditional methods, such as 

shifting cultivation. The Santals also engage in fishing to fulfill their diet and raise livestock (Carrin-

Bouez, 1998). However, barriers like climate change and seasonal flooding are making it difficult for 

them to sustain their traditional farming practices (Ahsan, 2019). Due to a lack of sustainability, there is a 

lack of resources available to sustain Bangladesh’s dense population. However, there is a way to reduce 

this problem. 

 

Solution 

 

Agroecology consists of organically focused agricultural practices, and it is the solution to improving 

sustainability within Bangladesh. Cuba is known for transforming its agriculture into a sustainable model 

through agroecology. When Cuba lost access to mechanized farming and fossil fuel-reliant systems, they 

utilized and replaced them with permaculture (the development of agricultural ecosystems intended to be 

sustainable and self-sufficient) systems (Oxford English Dictionary, 2023). In 1991, the Soviet Union 

collapsed and removed economic aid. In consequence, Cuba was drained of oil, staple foods, and 

industrial farming systems. Citizens in Cuba became severely malnourished due to an increased reliance 

on rural farms (Our Changing Climate, 2018). The first initiatives Cuba took in shifting their agriculture 

system were utilizing biofertilizers and biopesticides combined with crop rotation, agroforestry, and crop-

livestock integration. Then, Cuba utilized community-supported agriculture led by the National Small 

Farmers’ Association; this involved utilizing non-government organizations (NGOs), public policies, 

government, and research institutes (Agroecology Info Pool, n.d.).  
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Bangladesh's agricultural situation is like the special period in Cuba because a significant amount of 

Bangladesh’s population heavily relies on small-scale farmers and is experiencing malnutrition. Current 

food markets are not enough to feed the growing and dense population of Bangladesh. Implementing a 

similar agriculture model to Cuba’s may make it possible for food markets to work better when they are 

smaller and isolated. This solution involves four parts: organically focused agriculture and polyculture, 

community-supported agriculture, backyard farms, and technological implementation. 

 

Organically Focused Agriculture and Polyculture  

  

The framework for implementing agroecology within Bangladesh involves creating a development 

strategy for both farm and non-farm growth, rapid diversification in agriculture, and improving the policy 

framework (World Bank, 2016). More specifically, a policy framework that supports the transition to 

agroecology may look like the expansion of land tenure, the localization of the food systems, and a rise in 

domestic agricultural markets (Machado & Healy, 2024). Agroecology is sustainable because it integrates 

diverse crops and non-crop species and copies the diverse organisms living in nature (Orion, n.d.).  

 

Polyculture, a part of agroecology, involves growing a diverse number of crops in the same area; this 

results in decreased plant susceptibility to pests and increased soil health. Other agroecological 

technologies involve crop rotation, intercropping, and crop-livestock integration (Woodland Trust, n.d.). 

To utilize regenerative farming practices, there must be a transition to cross-value collaboration and a 

prioritization of ecosystem services through policy and legislation. Currently, the most used pesticides in 

Bangladesh are chlorpyrifos and dimethoate (Khatun et al., 2023). These pesticides can contaminate soil, 

sediment, and water ecosystems (Dar et al., 2019). A transition to biofertilizers and biopesticides is low in 

cost and more sustainable. On a different note, agroforestry is integrating trees into agriculture systems. 

This implementation of agroecology can help sustain agriculture during Bangladesh’s unpredictable 

weather. For instance, trees can absorb rainwater and reduce the impact of flooding and erosion because 

they slow down the flow of rainwater (U.S. Department of Agriculture, 2024). 

 

Community-Supported Agriculture  

 

When small market farms are given the space to thrive, they can sustain growing populations. For 

instance, Miguel Salcine is the founder of Viva el al Ahmar in Havana. His farm is 27 acres but produces 

food for 80,000 people. Currently, Havana produces 90% of its food from small market farms (Our 

Changing Climate, 2018). Inspired by Cuba, Bangladesh’s government would be responsible for funding 

and integrating natural pesticides. Yet, there may be resistance from the government to fund support in 

agroecology. Nurul Mohaimin Milton, general secretary of Bangladesh Paribesh Sangbadik Samity, states 

there is a lack of protection laws for agricultural land, which warrants the destruction of arable land (The 

Borgen Project, 2018). However, it is in the government’s best interest to work in conjunction with its 

citizens. Cuba was able to thrive because they were in a moment of crisis and the government strongly 

backed the small-scale organic revolution. Cuba’s success in sustaining its population with small-scale 

farmers should serve as an inspiration for Bangladesh’s government to invest in agroecology. 

Additionally, research institutes and NGOs can help lower the cost of funding.  

 

A study conducted by Mahbubur Rahman, an associate professor at the International Standard University, 

and Shamshad Ferdousee, an assistant professor of sociology at the State University of Bangladesh, found 

that community-based agriculture improves the consumption and production of food. They suggest that 

the government of Bangladesh upgrades social protection programs through open market sales (Rahman 

& Ferdousee, 2023). They also recommend that the Bangladeshi government consider implementing and 

funding organizations like the National Association of Small Farmers, as they were able to successfully 

support the spread of agroecology in rural Cuba (Fernandez et al., 2018). Continued investment in 
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community-based agriculture is needed to increase business jobs in smaller cities and rural areas that 

remain isolated. This solution will build a strong relationship between the community, farmers, and food. 

 

Moreover, agroecology will open many job opportunities. For many ethnic minorities in Bangladesh, like 

the Dravidian people and rural ethnic groups, there is a high reliance on community (International 

Republican Institute, 2020). Community-supported agriculture connects local community members with 

farmers by acquiring weekly shares of locally grown items given by the grower throughout a period (Utah 

State University, 2016). Shareholders receive an upfront payment for the entire season's expenses. This 

funding aids in reducing the unpredictability of farming and helps cover the startup and manufacturing 

costs of items. Farmers are aware of who will receive food deliveries and the number of shareholders. 

Through planned workshops and activities, shareholders assist with agricultural labor such as picking, 

pruning, planting, and crop management. Community-supported agriculture in Bangladesh would involve 

growers hired by customers to work for them during the growing season (Bruch & Ernst, 2010). 

Community-supported agriculture and providing education on permaculture will ease the cultural 

transition to agroecology among the ethnic minorities in Bangladesh. Agroecology will give these ethnic 

minority groups a voice in their agriculture, land, and farming. 

 

Backyard farms 

 

Backyard farms are gardens managed by a community. The benefits of a backyard farm include the ease 

of moving crops during the same season, inexpensive costs compared to industrial farming, small spaces, 

and fewer garden pests. Local farmers that participate in subscription community-supported agriculture 

will market to the public to attract investors; farmers would then manage supply dates, pricing, and 

produce options (Bruch & Ernst, 2010). The unpredictability of marketing to public interest and 

engagement, weather, maintaining high-quality food, high initial costs, and land insecurity are limitations 

of backyard farms (Bruch & Ernst, 2010). There may either be too much or too little of a specific food 

product (McLaughlin, 2009). However, after initial costs, these farms offer financial stability for 

Bangladeshi citizens in the long run; more investment in agroecology will influence technological 

advancement and further increase the longevity of crops during unpredictable weather. Cuba is not the 

only example that proves sustainable agriculture works; a study that the American Chemical Society 

conducted discovered that sustainable farming methods could improve harvests by up to 80 percent within 

four years (The Borgen Project, n.d.). There is a strong incentive for the implementation of agroecology. 

This implementation involves education and awareness on agroecology, such as workshops in rural areas 

and partnerships with NGOs and developed countries like Japan, which has a history of collaborating with 

Bangladesh (Embassy of Japan in Bangladesh, n.d.). 

 

Technological Implementations 

 

Systems that play a major role in sustaining an agroecology-based agricultural system are technologies 

like soil moisture sensors and AI. Soil moisture sensors estimate the amount of water in soil and can be 

used to reduce the impact of flooding and drought (University of Minnesota Extension, 2019). If soil 

moisture sensors are paired with predictive weather systems, farmers can modify strategies based on 

predicted weather patterns (Marsh, 2023). Basic soil motion sensors would be the most appropriate to use 

for rural farmers and would cost around $10 to $50 per unit (NiuBol, 2023). In a singular rural area, 100 

basic sensors would cost around $1,000 to $5,000. The costs for training farmers and local technicians on 

soil moisture sensor usage and maintenance may range from $500 to $2,000 for a small project. 

Moreover, solar panels for powering sensors may cost an additional $50 to $200 per sensor, and 

communication infrastructure, like routers and mobile data systems, could cost $500 to $5,000 (Bedord, 

2020; Morris, Favor, & Rodriguez, 2022). Software for data collection and analysis could range anywhere 

from $500 to over $5,000, depending on the features and scale. Lastly, annual maintenance costs could be 

10-20% of the initial hardware costs (Bedord, 2020; Morris, Favor, & Rodriguez, 2022; Soil Scout, n.d.). 
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On a larger scale, AI can be used in combination with soil motion sensors, agroecology, and permaculture 

in urban areas. With technological advancements and investment in AI, the efficiency and sustainability 

of permaculture-focused agriculture systems can improve. AI usage in Bangladesh is already being 

implemented, and in early 2024, the United Nations Educational Scientific and Cultural Organization 

(UNESCO) collaborated with the ICT Ministry and Aspire to Innovate to conduct assessments of AI 

literacy in Bangladesh. This project will help support Bangladesh in creating ethical AI guidelines and 

frameworks. Moreover, AI must be used ethically and in alliance with permaculture systems because 

permaculture focuses on promoting biodiversity and reducing reliance on non-renewable resources. 

UNESCO made major progress in addressing the ethical implications of AI and has created its 

Recommendation on the Ethics of AI (UNESCO, 2024). 

 

However, AI would be inappropriate to use in rural areas of Bangladesh that do not have consistent access 

to electricity. AI can also affect data privacy, especially in rural areas, because AI heavily relies on data 

collection. Yet, AI can be extremely useful in data analysis; it can analyze data from soil sensors to 

monitor soil health, moisture levels, pH, and nutrient content. This can help farmers make informed 

decisions on how to manage soil. As a result, healthy ecosystems without an over-reliance on synthetic 

fertilizers can be promoted (Green & Caballero, 2024; DripWorks, 2024). 

  

AI can also create permaculture design tools that can guide farmers in creating sustainable layouts based 

on local conditions and personalize lessons for each farmer. This can make permaculture more accessible 

to beginners and provide tailored advice and tutorials on permaculture practices (Green & Caballero, 

2024). Existing programs like FarmOS use AI to track crop rotations, soil health, and other permaculture 

logistics (FarmOS, n.d.). Moreover, drone technology, like AI-powered drones, can survey permaculture 

sites and provide maps and data on plant health, water distribution, and soil conditions 

(Oluwafemidiakhoa, 2024). Investment in AI tools like these can support Bangladesh’s transition to 

agroecology. Like Cuba, Bangladesh’s government would be responsible for funding motion sensors, soil 

moisture sensors, and AI implementations; collaboration with non-profits like AI for Good (a nonprofit 

that collaborates with policy groups, think tanks, and other non-profits to assist in developing AI policy 

frameworks for national and international usage) and the USAID (a government organization that helps 

train farmers and commercial producers to adopt techniques that improve agricultural productivity) can 

also cut costs (Candid, n.d.; USAID, n.d.). Soil moisture sensors and AI can optimize irrigation and water 

efficiency, save costs in the long run, improve crop yields, and manage the impact of floods and droughts 

on crops. 

 

Implications For Bangladesh’s Ethnic Minorities 

 

There are about 27 official ethnic minority groups in Bangladesh, with a combined population of 

approximately two million people in total. Bangladesh’s ethnic minorities have their own languages and 

agricultural practices that are separate from mainstream Bengali society (International Republican 

Institute, 2020). It is a possibility that minorities in Bangladesh may become vulnerable to exploitation in 

the early stages of agroecology implementation. The International Republican Institute, an American 

nonprofit organization funded by the United States federal government, spearheaded a focus group study 

of plainland ethnic groups in Bangladesh to understand the challenges of minority groups. In all focus 

group discussions, participants mentioned preserving their land as a significant problem due to passive 

courts, illegal encroachment on ethnic areas, language barriers, and officials accepting bribes 

(International Republican Institute, 2020). Government resources are insufficient in remote areas with 

predominantly ethnic minority populations. For instance, Bangladesh’s government offers allowances for 

vulnerable groups. However, these allowances are typically inaccessible to minorities because of remote 

government offices and officials accepting bribes (International Republican Institute, 2020). 

Implementation of agroecology involves the government providing shareholders with an upfront payment 
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for the entire season's expenses. Likewise, there may be resistance to regulating the upfront payment 

farmers receive. There must be policy changes that provide stricter regulations against the exploitation of 

minority communities in conjunction with permaculture systems. This involves a strong rule of law. 

Programs like the NCSC International Strengthening Rule of Law Program can provide support to 

Bangladesh during the early transition to agroecology. This will look like close collaboration with Justice 

and Parliamentary Affairs, the Ministry of Law, and the Judicial Administration Training Institute to 

create technical training and assistance in preventing bribery and exploitation of ethnic minorities in 

Bangladesh (National Center for State Courts International Programs, n.d.). Citizens must be aware of 

laws relating to bribery and exploitation, and there must be accountability upheld (fines or prison time) 

when laws are broken, even for government.  

 

Additionally, Tessarae Mercer, an intern at the University of Washington Botanical Garden, conducted a 

study exploring barriers in sustaining a permaculture garden (Mercer, n.d.). She argues that education is 

vital in sustaining a permaculture model because permaculture is relatively new; many farmers in rural 

areas have not been exposed to concepts like “organic farming” and “sustainable agriculture” (Mercer, 

n.d.). If individuals do not have a clear understanding of permaculture, there may be a cultural resistance 

in transitioning to agroecology. However, education can raise awareness of practices like permaculture, 

and AI systems like Knewton and DreamBox can be used to make individualized curriculums for local 

farmers; there must be easily accessible electricity for AI to be utilized as an educational tool for those 

living in rural areas in Bangladesh (Goteka, n.d.; Knewton Alta, n.d.).  

 

Conclusion 

 

A successful sustainable agriculture model must function within communities, focus on biologically 

intensive farming on small-acre farms (due to Bangladesh’s lack of arable land), and rely on a web of 

farmers rather than a few large-scale operations. Yet, the limitations of agroecology are high initial costs, 

educational barriers, and cultural adjustments. However, technological advancements like soil moisture 

sensors and AI can be used to prevent the loss of agriculture during natural disasters. When policy is 

employed and Bangladesh’s current agriculture models are redesigned to be efficient, the elements of 

agroecology are utilized. As a result of implementing the steps of organically focused agriculture, 

backyard farms, community-supported agriculture, polyculture, and technologies like soil moisture 

sensors and AI, Bangladesh will be able to produce sustainable agriculture. 
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