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Introduction 
Background 
Coastal regions often possess unique resources that hold potential 
for both ecological and economic benefits. Among such resources, 
seaweed stands out due to its wide range of applications, including 
in food, pharmaceuticals, and agriculture. The shores of Cox’s 
Bazar and Saint Martin in Bangladesh are abundant with various 
species of seaweed, which historically have been underutilized 
or treated as waste. However, these seaweed wastes represent 
a largely untapped source of renewable biomass that could be 
converted into organic fertilizers, presenting an eco-friendly and 
sustainable agricultural solution. 

Seaweed-based compost has shown promise in improving soil 
structure, enriching it with essential nutrients, and enhancing 
microbial activity, thus promoting plant growth without the 
adverse effects of chemical fertilizers. This is particularly relevant 
as the global push for sustainable agricultural practices gains 
momentum, emphasizing the importance of natural alternatives 
to synthetic products. 

Despite the potential, research focusing on the effective use of 
seaweed as an organic fertilizer in the context of Bangladesh is 
limited. This study aims to explore the feasibility of utilizing 
locally available seaweed wastes from Cox’s Bazar and Saint 
Martin to develop compost fertilizers. By evaluating the chemical 
composition, nutrient profile, and effects on soil health and crop 
yield, this research seeks to provide insights into sustainable 
waste management and local agricultural improvement. Such 
an approach not only supports environmental conservation but 
also enhances economic opportunities for local communities by 
creating value from otherwise discarded seaweed. 

This study contributes to bridging the gap between waste 
management and sustainable agricultural practices, demonstrating 
how integrating locally available seaweed resources can pave the 
way for more eco-conscious farming methods.
 
Seaweeds, also known as marine macroalgae, have gained attention 
as a potential sustainable and organic compost fertilizer resource 
due to their rich nutrient content and numerous environmental 
benefits: Seaweeds are abundant in coastal regions and have 
been traditionally used for various purposes, including as a soil 
conditioner and fertilizer. 
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ABSTRACT
This study evaluates the potential of Hypnea species, a red seaweed prevalent along the coasts of Cox’s Bazar and Saint Martin, Bangladesh, as a sustainable 
source for organic compost fertilizer. Hypnea’s nutrient profile includes high levels of potassium (K), nitrogen (N), and phosphorus (P), alongside micronutrients 
such as iron (Fe), zinc (Zn), and manganese (Mn), as well as bioactive compounds like carrageenan, auxins, and cytokinin’s. These characteristics make it 
beneficial for enhancing soil health, promoting plant growth, and increasing crop yield. The composting process for Hypnea is efficient, marked by rapid 
biodegradation and active microbial involvement, resulting in nutrient rich humus that enhances soil structure, moisture retention, and pH balance, while 
improving plant resistance to stressors like drought and salinity. A six-month field experiment conducted in the Khasia farming community of Sreemangal 
assessed three treatments: T1 (control with standard farming practices), T2 (25g of seaweed-based compost per support tree), and T3 (50g of seaweed-based 
compost per support tree). The highest yield was observed in T3, with an average of 2880 betel leaves plucked per day, significantly surpassing T1 and T2, 
which both recorded 2780 leaves. ANOVA analysis confirmed the statistical significance of these results (F-statistic: 14822.79; p-value ≈ 8.84 × 10^-42). 
The findings underscore that applying 50g of seaweed-based compost per tree significantly boosts betel leaf yield, demonstrating the practice’s economic 
viability by reducing reliance on chemical fertilizers and cutting agricultural costs, aligning with sustainable development goals and the blue economy 
framework. Challenges such as salinity management, seasonal availability, and contamination prevention are noted, with recommendations for future 
research including optimization of composting techniques and long-term trials. This study advocates for integrating traditional knowledge with modern 
composting to foster sustainable, productive agricultural practices. 
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Seaweeds are rich in essential nutrients such as nitrogen (N), 
phosphorus(P), potassium(K) and trace elements like iron, 
magnesium and calcium. These nutrients are crucial for plant 
growth and development, making seaweed an excellent natural 
fertilizer source. Seaweeds are an organic and renewable resource, 
making them suitable for organic farming practices. When 
incorporated into compost, they enhance the organic matter content 
of the soil, improving soil structure, water retention and microbial 
activity, Seaweeds contain various growth promoting compounds 
like cytokinin’s, auxins and gibberellins, which act as natural bio 
stimulants. These compounds can enhance seed germination, 
root development and overall plant vigour. Seaweeds have 
allelopathic properties that can suppress weed growth and deter 
certain pests, reducing need for chemical herbicides. Using locally 
available seaweeds for compost reduces the need for synthetic 
fertilizers, which can lead to nutrient runoff and water pollution. 
It also promotes sustainable harvesting practices, reducing the 
impact of marine ecosystems. Seaweed compost enhances soil 
structure, increases nutrient availability and encourages beneficial 
microorganisms, contributing to improved soil health and fertility. 
Incorporating seaweed compost reduces the reliance on synthetic 
chemicals in agriculture, aligning with organic and sustainable 
farming practices. Research has shown that seaweed-based 
compost can enhance crop yields, improve crop quality and 
increase resistance to environmental stressors such as drought and 
disease. Utilizing locally available seaweeds can create economic 
opportunities for coastal communities and reduce transportation 
costs associated with importing conventional fertilizers. 

Providing a safe alternative to chemical fertilizers is a crying 
need of present time. Although chemical crop fertilizers boost 
crop yield. They are also responsible for environmental pollution 
all around the world. Northern Organic and Balanced fertilizers 
provide a safe alternative to chemical fertilizers while having 
more agricultural output and reducing chemical fertilizer usage.

Technology based Circular Economy Model -Supplies plant food 
to both crop and soil in an integrated way, increase production 
and reduce cost, Fertilizer can be used easily and directly by the 
farmers, no hassle of calculating, mixing and handling, Fertilizer 
also contains essential micro nutrients, enhance crop quality and 
storage capacity, Safeguard the environment. Seaweeds or marine 
macroalgae are rich in diverse compounds like lipids, proteins, 
carbohydrates, phytohormones, amino acids, osmoprotectants, 
antimicrobial compounds and minerals. Their potentials for 
agricultural applications have been used since antiquity, but 
recants demands of organic farming and organic food stimulated 
much the application of organic treatments like seaweed extracts 
in agriculture.

The benefits of seaweeds application in agricultural field are 
numerous and diverse such as stimulation of seed germination, 
enhancement of health and growth of plants namely shoot and root 
elongation, improved water and nutrient uptake, frost and saline 
resistance, biocontrol and resistance toward phytopathogenic 
organisms, remediation of pollutants of contaminated soil and 
fertilization. In this review, scientific progress in this field was 
collected and critically assessed to lay grounds for further 
investigations and applications. Seaweeds are the important 
marine resources available at negligible cost and rich in diverse 
bioactive compounds like lipids, proteins, carbohydrates, amino 
acids, phytohormone s, Osmo protectants, mineral nutrients and 
antimicrobial compounds. They are key component in food, feed, 
and medicine since ancient times. Recent trend of organic farming 

has exploited the possible application of seaweedasorganic/bio-
fertilizer in agriculture. Many studies have demonstrated the 
benefits of seaweed in enhancing the plant growth and productivity. 
Added to this they are known to be a promising soil conditioner, 
protect the plants under abiotic and biotic stress and increase plant 
resistance against pest and diseases. In this chapter an attempt 
has been made to highlight the scientific progress on usefulness 
of seaweed in the context of utilization in agriculture as organic 
fertilizer and prospects for further research and use. Seaweeds are 
marine plants contributing significantly to the society, economy 
and environment. Worldwide suitable seaweeds farming areas 
cover approximately 48 million km2 across132 countries, although 
about 37-44 countries are active in production with only 0.001%of 
suitable area Froehlich et al [1]. Seaweeds farming is one of the 
fast-growing sectors in the world with an annual production of 
~32.4 million tonnes (wet weight) in 2018 valued at US$11.8 
billion, which is expected to rise US$22. 13 billion by 2024 Cotas 
et al, Froehlich [1,2]. 

Compare to land-based crop production using expensive fertilizers 
and harmful pesticides, seaweeds extract nutrients from the water, 
purify surrounding water and maintain ecosystem health, there 
by sustaining a viable habitat for marine organisms Hasseltr et al. 
For instance, seaweeds aquaculture in China annually removes 
about 75,000 tons of nitrogen and 9500 tons of phosphorus that 
can significantly mitigate coastal eutrophication Xi Xiao et al [3]. 
Seaweeds remove organic pollutants, heavy metals and pathogens 
Munoz and Guieysse, and thus used for e-leaning the environment 
Suresh and Ravishankar [4,5]. 

Moreover, the symbiotic system of seaweeds and bacteria 
constitutes an ecological basis for natural treatment of running 
waters. Additionally, seaweeds are characterized by a rapid 
increase in biomass and contributes to climate change adaptation 
by protecting seashore from erosion, elevating pH and supplying 
oxygen to the aquatic ecosystem, and thus locally reducing ocean 
acidification and deoxygenating effects ChungI. et al, Duarte 
et al, Fernandez.et al, Krause -Jensen.et al [6-9]. The use of 
seaweeds as carbon dioxide scavengers contributes mitigation 
of atmospheric CO2 and in turn, reducing the effect of global 
greenhouse Froehlich HE et al, Sondak et al [1,10]. 

The book entitled “the blue economy: 10 years, 100 innovations, 
100 million jobs” was the first proposal on blue economy 
formulation Pauli et al and the concept came out of the Rio+ 
20 conference in 2012 that focused on sustainable development 
including ocean-based economies UNDESA [11,12]. The term 
„blue economy‟ is analogous to „green economy‟ Obura et al [13]. 
where „ocean economy‟ is used by some circles such as in the 
European Union Garland et al. The blue economy principles are 
widely accepted UNECA, Wenhai et al, WWF, though definitions 
can be varied Garland et al, Hossain et al, Wenhai et al [14-18]. 
According to Hossain et al. Hossain et al, blue economy utilizes 
ocean resources for increasing food security, improving nutrition 
and health, alleviating poverty, creating new jobs, generating 
alternative energy, lifting seaborne trade and industrial profiles 
by protecting ecosystem health and biodiversity [18]. The vision 
of blue economy reflects economic development and ocean health 
as compatible propositions WB and UNDESA [19]. 

Winder and Dix Winder and Dix A mentioned that blue economy 
proposes trading the environment that allows the mobilization of 
environments for economic purposes [20]. Blue economy voices 
low carbon with resource efficiency, which offers diversified 
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opportunities for sustainable, clean and equitable progress in 
traditional and emerging sectors UNDESA [12].

The United Nations Sustainable Development Goals (SDGs) are a 
set of 17 goals has been set for a better world by 2030 that backed 
up by 169 targets and 231 unique indicators UN. SDGs include 
economic, social and ecological aspects, where development 
are seen as separate parts. However, the „wedding cake‟ model 
focused a new way of looking at SDGs, i.e. food originates from 
the biosphere/ environment and consumed by the society that 
involves partnership to run the economy Obura DO, Rockstrom 
J and Sukhdev P [13,21].
 
The global human population is expected to reach 10.9 billion 
by 2100 UN that will increase pressure on the food production 
sectors to meet the additional demand of food and nutrition in 
a changing environmental condition [22]. Seaweeds have been 
consumed for centuries in many societies, but the recent versatile 
applications in industries including food, feed, biofuel, chemical, 
nutraceuticals, pharmaceuticals, cosmetics as well as environmental 
bioremediation have helped increase global seaweeds production 
Scieszka and Klewick [23]. Accordingly, seaweeds farming can 
play a pivotal role to overcome the anticipated challenges of 
food scarcity for the ever-increasing world population. In this 
context, developing seaweeds aquaculture for diverse uses require 
adequate knowledge concerning the possible challenges and 
opportunities involved in setting up a production unit and market 
chain. Therefore, seaweeds farming requires consideration of 
social, economic, cultural, political and environmental viability 
to promote the activity for generating employment, income and 
food sustainably Rebours C.et al [24]. 
 
The expansion of coastal and marine aquaculture can increase 
seafood production towards the sustainable blue economic 
development in Bangladesh Ahmed N. and Thompson S. 
Hence, the Government of Bangladesh is actively pursuing the 
blue economy agenda Shaheaz .and Salma, Winder and Heron, 
Bangladesh has 24,077 km2 coastal waters within 0–10 m depth 
Chowdhury that may be suitable for seaweeds production to 
achieve socioeconomic benefits [25-28]. The objective of this 
study is to understand seaweeds production and its potentials role 
in achieving sustainable development goals and blue economic 
development in Bangladesh. 

This part of the study is directed towards the analysis of the 
future trend and performances of Composting Seaweeds wastes. 
The following are found to be the major problem areas for the 
growth of seaweed-based compost organic fertilizer farming in 
the country. billion, which is expected to rise US$22. 13 billion 
by 2024 Cotas et al, Froehlich [1,2]. 

Figure 1: Future Trend of Seaweed Composting

The Research Problems, Characteristics and Factors  
It is a fact that many farmers in the country have illegible ideas 
about compost organic fertilizer farming and its advantages. Many 
experts and well-informed farmers are not  Sure, whether all the 
nutrients with the required quantities can be made available by 
the organic materials. Even if this problem can be surmounted, 
they are of the view that the available organic matter is not simply 
enough to meet the requirements.  
 
Significance of the Study 
After reviewing many literatures on compost organic fertilizer 
and seaweeds, In the present review, compost is described as an 
excellent soil amendment and a biocontrol agent which make 
it the best organic fertilizer and eco-friendlier as compared to 
chemical fertilizers. compost is an ideal organic fertilizer for better 
growth and yield of many plants. It can increase the production 
of crops and prevent them from harmful pests without polluting 
the environment.  
 
Objectives of the Study  
Objectives will guide the research in understanding the performance 
and practical implications of composting seaweed waste. 

Main Research Objectives 
Performances of composting seaweed wastes.  
Research objectives for a study on the performance of composting 
seaweed waste include- 
 
•	 Assessing the effectiveness of different composting methods 

for seaweed waste. 
•	 Determining the optimal composting conditions- temperature, 

moisture, C/N ration, for seaweed waste decomposition. 
•	 Analysing the potential use of seaweed-based compost in 

Betel leaf cultivation. 

To Identify and Characterize Locally Available Seaweed 
Species
Catalog the types of seaweed commonly found on the shores 
of Cox’s Bazar and Saint Martin, focusing on their seasonal 
availability, biomass yield, and basic physical and chemical 
characteristics. 

To Analyze the Nutrient Composition of Seaweed Wastes
Evaluate the macro and micronutrient profiles of different seaweed 
species to determine their potential as sources of essential plant 
nutrients when used as compost. 

To Develop and Optimize Composting Techniques
Design and test efficient composting methods that maximize 
nutrient retention and ensure the stability and quality of the final 
compost product derived from seaweed wastes.
 
To Assess the Impact of Seaweed-Based Compost on Soil 
Health
Investigate how the application of seaweed compost affects soil 
properties, including pH, organic matter content, nutrient levels, 
and microbial activity. 

To Evaluate the Effects of Seaweed Compost on Plant Growth 
and Crop Yield
Conduct field trials to observe the influence of seaweed-based 
compost on the growth, development, and yield of selected crops 
compared to conventional fertilizers. 
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To Study the Environmental and Economic Viability
Analyze the environmental benefits of utilizing seaweed waste as 
compost, such as reduced chemical runoff and improved waste 
management, along with an assessment of the economic feasibility 
for local producers and communities. 

To Provide Recommendations for Practical Implementation
Formulate guidelines and strategies for the effective integration 
of seaweed-based composting practices into local agricultural 
systems, considering the needs and capacities of farmers and 
stakeholders. 

The exploration of sustainable, organic fertilizers has highlighted 
the potential of seaweed, particularly Hypnea species, known for 
its high nutritional content and beneficial bioactive compounds. 
Hypnea, a genus of red algae (Rhodophyceae), is abundant along 
coastal regions, including Cox’s Bazar and Saint Martin. This 
review investigates the potential use of Hypnea seaweed wastes as 
compost fertilizer, focusing on nutrient composition, composting 
characteristics, and the effects on soil and plant growth. 

Nutrient Composition of Hypnea sp 
Hypnea species are noted for their rich nutritional profile, 
contributing essential macro and micronutrients: 

Macronutrients
High levels of potassium (K), moderate nitrogen (N), and 
phosphorus (P), which are fundamental for plant growth. 

Micronutrients
Contains elements such as iron (Fe), zinc (Zn), and manganese 
(Mn), vital for various physiological functions in plants. 

Bioactive Compounds
Includes carrageenan, which can enhance soil moisture retention 
and promote plant root growth. 

Studies have highlighted that Hypnea also possesses antioxidants 
and growth-stimulating hormones like auxins and cytokinins, 
contributing to enhanced plant resilience and productivity. 

Composting Potential of Hypnea sp. Wastes 
The composting process for Hypnea is efficient due to its rapid 
biodegradability and high microbial activity. The addition of 
Hypnea to compost has been shown to: 

Accelerate Decomposition
The presence of natural enzymes helps in the faster breakdown 
of organic matter. 

Enhance Microbial Activity
Boosts beneficial microbes in the compost pile, aiding the 
transformation of organic waste into nutrient-rich humus. 

Improve Compost Quality
Hypnea can be blended with other carbon-rich materials to balance 
the C ratio, essential for effective composting. 

Research suggests that Hypnea compost has fewer issues with 
odor and pathogen growth due to the antimicrobial properties of 
the seaweed. 

Impact on Soil Health and Crop Growth 
Applying Hypnea-based compost can result in notable 
improvements in soil quality and crop yield: 

Soil Structure and Fertility
Increases organic matter, enhances moisture retention, and 
promotes a balanced soil pH. 

Plant Growth Enhancement
Bioactive compounds in Hypnea stimulate root development, 
boost nutrient absorption, and improve the overall health and 
yield of crops. 

Stress Resistance
Crops treated with Hypnea compost show increased resistance to 
drought and salinity, making it particularly suitable for the saline-
prone regions of Cox’s Bazar and Saint Martin. 
Field studies indicate that seaweed compost applications lead to 
higher yields and better-quality produce, with improved growth 
rates and nutritional profiles in various crops. 

Economic and Environmental Implications 
The utilization of Hypnea wastes from local shores offers 
significant benefits: 
Cost-Effective Fertilization
Reduces dependency on chemical fertilizers, lowering costs for 
farmers and promoting sustainable practices. 
Environmental Management
Repurposing seaweed waste minimizes coastal pollution and 
contributes to waste management efforts, promoting a circular 
economy. 

Sustainability
Reduces ecological footprints by reusing renewable resources to 
enrich agricultural practices. 
 
Challenges in Using Hypnea as Compost 
Despite its potential, there are challenges associated with using 
Hypnea: 
Salinity Concerns
High salt content in seaweed can impact soil salinity if not 
managed properly during the composting process. 

Seasonal Availability
The abundance of Hypnea can fluctuate with seasons, potentially 
affecting the consistent production of compost. 

Contamination Risk
Ensuring that the seaweed is free of heavy metals or pollutants 
from the coastal environment is crucial for safe composting. 

The literature supports that Hypnea seaweed waste from Cox’s 
Bazar and Saint Martin can be an effective and sustainable organic 
fertilizer resource. With proper composting techniques to address 
salinity and contamination issues, Hypnea can significantly 
contribute to soil health and crop productivity, benefiting local 
agricultural practices. 

Recommendations for Future Research 
Nutrient Analysis
Detailed studies on the nutrient variability of Hypnea across 
seasons and regions. 

Field Trials
Long-term assessments on various crops to evaluate the sustained 
benefits and potential drawbacks of Hypnea compost. 
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Composting Methods
Development of optimized techniques to mitigate salinity and 
ensure the safe use of Hypnea compost. 

This review underscores the promising use of Hypnea as a compost 
resource and highlights the need for continued research to unlock 
its full potential in sustainable agriculture. 
 
Review of Literature 
Some the of key references reviewed to understand the importance 
and significance of seaweed wastes are summarized below 
 
Durlave Roy study abstract titled -A Plant needs organic fertilizer 
to grow in a Balanced Way -National Conference Paper on 
Agricultural and Food Mechanization (NCAFM) 2018 [29]. 
Review of the literature up to that point -Chemical fertilizers are 
not working without organic fertilizers. 
 
Ahmed N and Thompson S study was conducted on the blue 
dimensions of aquaculture: a global synthesis [25]. Review of 
key literature- topic related to aquaculture and its environmental 
aspects. The rapid development of aquaculture has been considered 
the blue revolution, which is an approach to increasing global fish 
production in order to contribute to human nutrition and food 
security. The use of blue water (ie, surface and groundwater) in 
aquaculture also makes a significant contribution to global fish 
production. 
 
BBS, Population Density and Vulnerability reported a challenge 
for Sustainable 
Development of Bangladesh. Statistics and Informatics Division, 
Ministry of Planning, Government of Bangladesh [30]. Review 
of key literature- Sustainable development in Bangladesh is a 
critical and multifaceted challenge, with numerous factors at play. 
 
Chowdhury SR a policy guide for Maritime Province Map of 
Bangladesh [28]. Review of key literature - historical maritime 
borders, Bay of Bengal, Exclusive economic zone, coastal 
vulnerabilities, maritime infrastructure. 

Chung IK Oak et al, a case study was conducted Installing kelp 
forests/seaweed beds for mitigation and adaptation against global 
warming: Korean project overview [6]. Review of the literature up 
to that point- Carbon sequestration, Erosion control, Biodiversity 
enhancement. Local economic benefits, challenges concern, Policy 
and regulation, International collaboration.
 
Cotas J et al, conducted a comprehensive review of the nutraceutical 
and therapeutic applications of red seaweeds (Rhodophyta) [2]. 
Review of key literature- Red seaweeds, scientifically known as 
Rhodophyta, have gained significant attention in recent years due 
to their rich bioactive compounds and potential therapeutic uses. 

Deepak G Panpatte et al, The book entitled Soil Fertility 
Management for Sustainable Development addresses the important 
aspects of soil fertility management, with the help of reputed 
national and international scientists working in the field of soil 
fertility management [31]. Review of key literature- Importance of 
soil fertility, Traditional practices, Chemical fertilizer Vs. Organic 
approaches, Soil testing and precision agriculture, cover crops 
and conservation agriculture, Microbial communities, Sustainable 
practices for developing regions, Climate change impacts, Policy 
and education, Long term studies. 

Durlave Roy, thesis on productivity improvement techniques at 
northern agro services ltd: A case study [32]. Fertilizer savings 
are all there. Review of key literature- agriculture-related 
company like Northern Agro Services Ltd- Process optimization, 
Employee training and development, Goal setting and monitoring, 
Technology adoption, Resource allocation, Inventory management, 
Comunnication and collaboration, Quality control, Health and 
safety measures, Customer feedback, Data driven decision making, 
Employee empowerment. 

Durlave Roy, Poster on feed the soil to feed the plant [33]. 
Fertilizer savings are all there. Review of the literature up to 
that point- Soil health and plant nutrition, Organic Matter and 
microorganisms, Crop rotation and cover crops, Compost and 
mulching, Soil testing and nutrient management, Regenerative 
Agriculture, Environmental benefits. 
 
Deb A and Haque ME, study was conducted that Sufferings start 
from the mother’s womb: vulnerabilities and livelihood war of the 
small-scale fishers of Bangladesh [34]. Review of the literature up 
to that point- Historical context, Livelihood challenges, Gender 
dynamics, Government policies and interventions, Community 
resilience and adaptation. 
 
Duarte CM et al, study was conducted that Can seaweed farming 
play role in climate change mitigation and adaptation? [7]. 
useful paper. Review of the literature up to that point – Carbon 
sequestration, Ocean acidification mitigation, Blue carbon, Biofuel 
production, Biomass production, Coastal protection, Aquaculture 
synergy. Seaweed aquaculture, the fastest-growing component of 
global food production, offers a slate of opportunities to mitigate, 
and adapt to climate change. Seaweed farms release carbon that 
maybe buried in sediments or exported to the deep sea, therefore 
acting as a CO2 sink. The crop can also be used, in total or in part, 
for biofuel production, with a potential CO2 mitigation capacity, 
in terms of avoided emissions from fossil fuels. 

Mamun Abdullah Al et al, conducted an experiment on Habitat 
structure and diversity patterns of seaweeds in the coastal waters 
of Saint Martin’s Island [35]. Review of the literature up to that 
point- Biodiversity in saint martin’s island, Seaweed diversity, 
Habitat types, Environmental factors, Seasonal variations, Human 
impact, Conservation efforts. 

Marino M et al, Livelihood aspects of seaweed farming in Rote 
Island, Indonesia [36]. useful paper. Review of the literature 
up to that point- Economic impact, Livelihood diversification, 
Sustainability challenges, Community involvement, Gender 
dynanics, Environmental impact, Market access. Findings of this 
study highlight farmers dependence seaweed farming activities 
in southwest Rote. 
 
Shahadat Hossain M et al, study was conducted that Seaweeds 
farming for Sustainable development blue economy in Bangladesh. 
Useful paper. Review of the literature up to that point- Blue 
economy and sustainable development, Seaweed species in 
Bangladesh, Environmental and economic benefits, Challenges 
and constraints, Research and Development initiatives, Policy 
and regulatory framework, case studies and success stories, 
future prospects. Findings- Seaweeds are marine plants of the 
millennium contributing significantly to the society, economy 
and environment. Over 15,000 species of seaweeds are found 
globally, of which 34 species are suitable for farming, 145 species 
for human consumption and 101 for extracting hydrocolloids. 
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Seaweeds farming areas in the world cover 48 million km2 across 
132 countries, although 44 of them are active in production. 
 
E. Nabti et al, conducted an experiment on Impact of seaweeds on 
agricultural crop production as biofertilizer [37]. Very useful paper. 
Review of the literature up to that point- Nutrient composition, 
Organic Matter, Algal extracts, Disease resistance, Stress tolerance, 
Microbial activity, Environmental benefits, Crop specific effects. 

Elhafid Nabti et al, study was conducted that Impact of seaweeds 
on agricultural crop production as bio-fertilizer [37]. Very related 
to my research. Review of the literature up to that point- Nutrient 
composition, Organic Matter, Algal extracts, Disease resistance, 
Stress tolerance, Microbial activity, Environmental benefits, Crop 
specific effects. Seaweeds or marine macroalgae are rich in diverse 
compounds like lipids, proteins, carbohydrates, phytohormones, 
amino acids, osmoprotectants, antimicrobial compounds and 
minerals. Their potential for agricultural applications is used 
since antiquity, but recent demands of organic farming and organic 
food stimulated much the application of organic treatments like 
seaweed extracts in agriculture. 
 
Raghunandan B et al, conducted an experiment on Perspectives 
of Seaweed as Organic Fertilizer in Agriculture [38]. Useful article. 
Review of the literature up to that point Nutrient content, Bio 
stimulant properties, Soil health, Environmental sustainability, 
Crop specific effects, Economic feasibility, Regulatory 
considerations, Challenges and limitations. 
 
Paul GC, conducted an experiment on efficacy of northern organic 
fertilizer on sustainable sugarcane production in Bangladesh [39]. 
Very useful paper. Review of the literature up to that point-Organic 
fertilizers in sugarcane production, northern organic fertilizer, 
Nutrient management, Sustainability impact, economic viability, 
Challenges and recommendations, Case studies. Findings-A field 
study was conducted to evaluate the efficacy of northern organic 
fertiliser on sugarcane yield and economic return at Ishurdi (High 
Ganges River Flood Plain) and Thakurgaon (Old Himalayan 
Piedmont Plain) sites in Bangladesh. Results revealed that the 
combined use of northern organic fertiliser@ 750 kg per hectare 
and 75 per cent recommended inorganic fertilisers gave higher 
average sugarcane yield of 72.33 tons. 

Durlave Roy, Poster on A Plant needs organic fertilizer for it 
to grow in a balanced way [40]. Review of the literature up to 
that point -Chemical fertilizers are not working without organic 
fertilizers. 
 
Durlave Roy, Poster on Production Strategy – plants need organic 
fertilizer to grow in a balanced way [41]. Review of the literature 
up to that point -Chemical fertilizers are not working without 
organic fertilizers. 

Elizabeth J et al, published an article study was conducted 
on Ensuring the Sustainable Future of the Rapidly Expanding 
Global Seaweed Aquaculture Industry – A Vision [42]. Very useful 
article. Review of the literature up to that point – Introduction to 
seaweed aquaculture, Rapid expansion of seaweed aquaculture, 
Environmental impacts, Sustainability challenges, Regulatory 
frameworks, Best practices and innovations, Economic and social 
implications, Technological advancements, Market trends and 
consumer demand, Research and collaboration, Case studies, 
Future vision for sustainability. 

Fernandez PA, Leal PP, Henríquez LA study was conducted 
co-culture in marine farms: macroalgae can act as chemical refuge 
for shell-forming molluscs under an ocean acidification scenario 
[8]. Very useful article. Review of the literature up to that point 
-the literature suggests that macroalgae may offer a degree of 
protection to shell forming molluscs under ocean acidification 
scenarios by creating localized areas with higher PH levels. 

Froehlich H.E. et al, study was conducted that Blue growth 
potential to mitigate climate change through seaweed offsetting 
[1]. Related to my research. Review of the literature up to that 
point -Carbon sequestration, Coastal protection, Nutrient uptake, 
Bioenergy production, Blue economy opportunities. Carbon 
offsetting—receiving credit for reducing, avoiding, or sequestering 
carbon—has become part of the portfolio of solutions to mitigate 
carbon emissions, and thus climate change, through policy and 
voluntary markets, primarily by land-based re- or afforestation 
and preservation. 

Garland M and Axon S et al, reported that the blue economy: 
identifying geographic concepts and sensitivities, Commercial 
seaweed market analysis by product (brown seaweed, red seaweed, 
green seaweed), by form (liquid, powdered, flakes), by application 
(agriculture, animal feed, human consumption) and segment 
forecasts to 2024 [17]. R eview of the literature up to that point 
– The blue economy is a complex and multifaceted concept with 
numerous geographic concepts and sensitivities. It encompasses a 
wide range of activities, including fisheries, aquaculture, tourism, 
shipping and renewable energy production. 

Sumedha, Chinnari et al, conducted an experiment on Seaweeds 
– Promising Organic Fertilizers. The review of literature and 
findings highlights the potential of seaweeds as organic fertilizers 
and their role in sustainable agriculture. 

Sarker MN Studies on the red sea weeds in Bangladesh [43]. In: 
Regional workshop on the taxonomy, ecology and processing of 
commercially important red sea weeds, held at Kasetsart University 
in Bangkok, Thailand, organized by FAO/NACA and France Govt. 
Address the findings of this research, seaweeds are marine plants of 
the millennium contributing significantly to the society, economy 
and environment. Over 15,000 species of seaweeds are found 
globally, of which 34 species are suitable for farming, 145 species 
for human consumption and 101 for extracting hydrocolloids. 
Seaweeds farming areas in the world cover 48 million km2 across 
132 countries, although 44 of them are active in production. Global 
production of seaweeds is ~32.9 million tonnes (wet weight) per 
annum valued at US$ 11.8 billion, which is expected to rise US$ 
22.13 billion by 2024. Along the coast of Bangladesh, 32 seaweeds 
species are abundant, 14 species are commercially important and 
four species namely Gracilaria tenuistipitata, Ulva intestinalis, 
Ulva lectica and Hypnea musciformis are farmed, but in small 
amount. The principles of ‘blue economy’ or ‘ocean economy’ 
reflects economic development and ocean health as compatible 
propositions that focuses on ocean resources for increasing food 
security, improving nutrition and health, alleviating poverty, 
creating new jobs, generating alternative energy, lifting seaborne 
trade and industrial profiles by protecting ecosystem health and 
biodiversity. The blue economy voices low carbon with resource 
efficiency, which offers diversified opportunities for sustainable, 
clean and equitable progress in traditional and emerging sectors. 
In Bangladesh, approximately 300 households are engaged in 
seaweeds farming, producing 390 tonnes (wet weight) in 2020 with 
potential applications in food, feed, cosmetics and pharmaceuticals 
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sectors. By the year 2050, seaweeds production in Bangladesh 
could be increased to 50 million tonnes from ~5,000 km2 shallow 
coastal waters. The increased production can contribute about 
25% of food to the coastal community, 5 million tonnes of plant 
protein, 1.5 million tonnes of oil and 125 million megawatt-hours 
of bioenergy. Moreover, the removal of nitrogen and phosphorous 
can be 1 million ton and 0.1 million tonnes, respectively, and 
carbon sequestration from the environment is 15 million tonnes. 
Potential direct and indirect employment of 100,000 jobs could 
be created. Overall, the benefits of seaweeds farming could reflect 
on 26 targets of 8 SDGs and fairly contribute to the blue economy 
development in Bangladesh. 
 
Scieszka S and Klewick E Algae in food: a general review [23]. 
Algae are common all over the Earth. Due to their rich chemical 
composition and content of bioactive substances they have been 
used in many fields of industry. Their gelling, thickening and 
stabilizing properties have led to the development of such products 
as agar, alginate and carrageenan. Moreover, algae are used in the 
food industry as food supplements and an addition to functional 
food. Algae are also added to meat products, such as pasty, steaks, 
frankfurters and sausages, as well as to fish, fish products, and 
oils, to improve their quality. Cereal-based products, such as pasta, 
flour and bread, are another group of products enriched with algae. 
Due to their properties algae may also be used for construction of 
fermented functional food. Fermented products containing algae 
are, most of all, dairy products, such as cheese, cream, milk deserts, 
yoghurt, cottage cheese, and processed cheese. Combination of 
fermented products offering a high content of lactic acid bacteria 
with algae possessing biologically active metabolites of natural 
origin allows not only to compose products with a high content 
of nutrients, but also to create a brand new segment of fermented 
food. 
 
Shahneaz A, Salma U Reported prospects and challenges of Blue 
Economy in Bangladesh [26]. The concept of Blue Economy has 
opened a new horizon for economic development of the coastal 
countries through utilizing sea and marine resources at national 
and international level. The concept has become a buzzword 
for sustainable development particularly in drafting the post-
2015 development goals. Estimates suggest some 30 million 
Bangladeshi directly depend on oceanic economic activities 
like fisheries and commercial transportation. Coastal and Island 
developing countries have remained at the forefront of this Blue 
Economy advocacy, recognizing that the oceans have a major role 
to play in humanity’s future. 
 
SID, Annual Report Reported statistics and Informatics Division 
(SID) [44]. 

Sondak CFA et al, study was conducted that Carbon dioxide 
mitigation potential of seaweed aquaculture beds (SABs) [10]. 

Suresh B and Ravishankar GA reported critical reviews in 
Biotechnology. Phytoremediation - a novel and promising 
approach for environmental clean-up [5].Technogym, Discover 
the millennia-old food of the future, edible seaweeds.htt ps://
www.technogym.com/int/newsroom/edible-seaweeds-benefits-
foodfuture/ Accessed on April 1. 
 
World Bank Resettlement Policy Framework [45].
 
Mohidul I et al, conducted an experiment on Seaweed Hypnea 
sp. culture in Coxs Bazar coast, Bangladesh [46]. The findings of 
this research is the culture of a red seaweed Hypnea sp. in three 

locations of Cox’s Bazar coast, Saint Martin Island, Inani and 
Bakkhali with net method of 4 × 4 m coir rope net was evaluated. 
Seaweed was partially harvested at 15 days interval during 
December 2015 to January 2016. Daily growth rate of cultured 
Hypnea sp. was significantly higher (3.21 ± 0.01% day-1) in Saint 
Martin while Inani had the lowest (0.41 ± 0.06% day-1). Biomass 
yield of Hypnea sp. (3.81 ± 0.04 kg fresh wt.m−2) gained highest 
in Saint Martin than in Bakkhali (3.34 ± 0.10) and Inani (2.70 ± 
0.02). Growth rate of seaweeds had a significant correlation with 
NO3-N (p < 0.05) but not with PO4-P. Culture of seaweed along 
those sites added a new dimension of prospect and possibility of 
seaweed mariculture in Bangladesh coast. 

Haque K et al, a survey was conducted to know the collection, 
identification and biochemical analysis of different seaweeds 
from Saint Martin’s. Island [47]. Findings- five species of marine 
a1gae were collected from Saint Martin’s island, identified and 
biochemical analyses were carried out in BCSIR Laboratories, 
Chittagong. Biochemical composition were analysed to evaluate 
its food value and also to find out variation in composition during 
the period of investigation. The protein content of Sargassum 
coriifolium was 16.07%, whereas in Padina ltenuis that was 
estimated at 8.32%. 
 
Hasselstrom L et al, a case study was conducted from the west 
coast of Sweden, the impact of seaweed cultivation on ecosystem 
services - a case study from the west coast of Sweden, Mar [48]. 
The paper presents a holistic qualitative assessment of ecosystem 
services affected by seaweed cultivation on the Swedish west 
coast. 

Hossain MS et al Seaweeds for Blue Economy in Bangladesh, 
Food and Agriculture Organization of the United Nations [18]. 
Points to consider-being an ocean-based country, Bangladesh has 
immense potential to be an advanced country by the year 2041. 
 
Regional workshop on underutilized fish and marine genetic 
resources and their amelioration colombo, Srilanka [49]. Here 
some key points to consider – underutilized species, biodiversity, 
food security, research and conservation, amelioration strategies, 
challenges. 

Virtual Marine socio-ecological systems symposium [50]. Here 
some key poins to consider-background and objectives. managing 
for sustainable use of the earth’s marine and coastal systems. 
 
Valderrama D Social and economic dimensions of seaweed 
farming: a global review, in: Proceedings of the 16th Biennial 
Conference of the International Institute of Fisheries Economics 
& Trade (IIFET), July 16–20, Dar es Salaam, Tanzania [51]. 
Proceedings, 2012, pp. 1–11. This paper summarizes the findings 
of a recent FAO review on the social and economic dimensions 
of seaweed farming. 
 
IRR Participatory Methods in Community-Based Coastal  Resource 
Management, International Institute of Rural Reconstruction, 
Silang, Cavite, Philippines. Points to consider-field workers 
from government, non-government, community-based and even 
research organizations are increasingly applying participatory and 
community-based approaches (developed primarily in terrestrial 
settings) to work in the coastal zone. 
 
Jard G et al, macroalgae screening: composition and methane 
potential for potential alternative sources of energy and products 
[52]. Study was conducted, macroalgae are biomass resources 
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that represent a valuable feedstock to be used entirely for human 
consumption or for food additives after some extractions (mainly 
colloids) and/or for energy production. In order to better develop 
the algal sector, it is important to determine the capacity of 
macroalgae to produce these added-values molecules for food 
and/or for energy industries on the basis of their biochemical 
characteristics.
 
Krause-Jensen D et al, Macroalgae contribute to nested mosaics 
of pH variability in a subarctic fjord [9]. Findings -effects of 
ocean acidification on calcifies and non-calcifying phototrophs 
occupying coastal habitats cannot be derived from extrapolation 
of current and forecasted offshore conditions but they require an 
under-standing of the regimes of pH. To increase knowledge of the 
natural variability in pH in the Arctic coastal zone and specifically 
to test the influence of benthic vegetated habitats.  
 
Nor AM et al, A value chain analysis of Malaysia’s seaweed 
industry [53]. Findings- A global shortfall in protein supply from 
capture fisheries has motivated the Malaysian government to 
revise its aquaculture strategy, focusing on three commodities: 
seaweed, fish and marine shrimp. However, the performance of 
the Malaysian aquaculture sector, particularly seaweed production, 
is poorly documented. 
 
Obura DO Getting to 2030 - scaling effort to ambition through 
a narrative model of the SDGs [13]. Findings-The Sustainable 
Development Goals express a narrative about the relationships 
between people and nature. This paper builds a narrative from 
an ocean perspective– through the lens of a coral reef seascape, 
and the blue economy. The ocean, intimately connected with 
the land, freshwater flows and climate provides a vast array of 
benefits to humanity. 

Rockstrom J and Sukhdev P reported How Food Connects All 
the SDGs - Stockholm Resilience Centre [21].

Rafiqul Haider M et al, Indigenous management practices of betel 
leaf (piper betle) by the khasia community of Bangladesh [54]. 
Findings- The Khasia community, living within reserve forests of 
Sylhet division mostly in moulvibazar district. Traditionally they 
grow betel-leaf on trees which is different from plain land betel-
leaf cultivation. Tree based betel-leaf cultivation is a productive 
and sustainable agroforestry system. Average farm size is about 
1.21 hectares per family. 
 
Rebours C et al, Seaweeds: an opportunity for wealth and 
sustainable livelihood for coastal communities [24]. Findings- 
The European, Canadian, and Latin American seaweed industries 
rely on the sustainable harvesting of natural resources. As several 
countries wish to increase their activity, the harvest should be 
managed according to integrated and participatory governance 
regimes to ensure production within a long-term perspective. 

UN reported Global indicator framework for the Sustainable 
Development Goals and targets of the 2030 Agenda for Sustainable 
Development. Resolution adopted by the General Assembly on 
Work of the Statistical Commission pertaining to the 2030 
Agenda for Sustainable Development (A/RES/71/313), Annex. 
Available at https://unstats.un.org/sdgs/indicators/indicators-list 
(Accessed on 2020–07-07). 

 

UNDESA reported Blue Economy Concept Paper, United Nations 
Department of Economic and Social Affairs [12]. 
 
Wei N et al, successful blue economy examples with an emphasis 
on international perspectives [55]. Findings- Careful definition 
and illustrative case studies are fundamental work in developing 
a Blue Economy. As blue research expands with the world 
increasingly understanding its importance, policy makers and 
research institutions worldwide concerned with ocean and coastal 
regions are demanding further and improved analysis of the Blue 
Economy. 
 
Winder GM and Dix A (eds) Trading Environments: Frontiers, 
Commercial Knowledge and Environmental Transformation [20]. 
London: Routledge, in the Environment and Society Series, series 
editors Heike Egner and Bernhard Glaeser, 2016. Findings- this 
volume examines dynamic interactions between the calculative 
and speculative practices of commerce and the fruitfulness, 
variability, materiality, liveliness and risks of nature. It does so 
in diverse environments caught up in new trading relationships 
forged on and through frontiers for agriculture, forestry, mining 
and fishing. 
 
Winder GM and Heron RL Assembling a blue economy 
moment? Geographic engagement with globalizing biological-
economic relations in multi-use marine environments [27]. In 
the 2010s, the ‘Blue Economy’ has been widely advocated by a 
spectrum of interests as a strategy to save the world’s oceans and 
water. This article explores what the Blue Economy moment is 
and how geographers can engage with it. 
 
World Bank and UNDESA reported The Potential of the Blue 
Economy: Increasing Longterm Benefits of the Sustainable Use 
of Marine Resources for Small Island Developing States and 
Coastal Least Developed Countries, United Nations Department 
of Economic and Social Affairs and World Bank, Washington 
DC, 2017. 

World Bank Group reported Seaweed Aquaculture for Food 
Security, Income Generation and Environmental Health in Tropical 
Developing Countries [56]. 

WWF reported principles for a Sustainable Blue Economy, 
Worldwide Fund for Nature (WWF) [16] 
.www.fisheriesjournal.com/archives/2019/vol7issue5/
PartF/7-5-57-856.pdf. www.facebook.com/Seaweed-Aquaculture-
Biotechnology-1775850036069633 
www.facebook.com/FAOBangladesh/videos/266483602245563 
www.norternfertilizer.com 
www.fisheries.gov.bd 
 
www.tbsnews.net/features/panorama/seaweed-has-great-potential-
no-investors-257548 
 
Xi Xiao X et al, reported Nutrient removal from Chinese coastal 
waters by largescale seaweed aquaculture [3]. Findings - China 
is facing intense coastal eutrophication. Large-scale seaweed 
aquaculture in China is popular, now accounting for over 2/3’s 
of global production. Here, we estimate the nutrient removal 
capability of large-scale Chinese seaweed farms to determine its 
significance in mitigating eutrophication. 
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0Materials and Methods 
Location of the study Area  
A field study was conducted at three sites at Khasia farmers 
of Sreemangal khasia betel leaf cultivation community area of 
Sreemangal, Bangladesh. 

Soil Status- Strongly Acidic 
 Hypnea sp analysis test report 
 Nitrogen (N): 2.5% 
 Phosphorus (P2O5): 1.2% 
 Potassium (K2O): 3.8% 
 Moisture Content: 15% 	  pH Level: 7.5 (neutral) 
 C Ratio: 28:1 
 Heavy Metals: Below permissible safety limits 
 
Duration- Six months. 
 
Design of the experiment – 
 
T1 = Farmers practice (control) 
T2 = Seaweed wastes mixed organic compost fertilizer 25g per 
support tree. 
T3 = Seaweed wastes mixed organic compost fertilizer 50g per 
support tree 

Habiganj- Sreemangal- Moulvibazar, Bangladesh

Seaweed Organic Fertilizer Betel Leaf Betel Leaf with support 
tree the present study proceeds to examine the following research 
questions: 
•	 Main research question-The Science of Seaweeds explores 

how analysis of the future trend and performances of 
composting seaweeds wastes? 

•	 How do the environmental settings of the rich Khasia betel 
leaf farmers of Sreema ngal provide bases for evolving 
various seaweed-based compost organic fertilizer farming 
in different parts of the community? 

•	 In what ways do the traditional values and indigenous 
knowledge of the farmers contribute towards diversity and 
sustainability of the community seaweed-based compost 
organic fertilizer farming? 

•	 How far and in what ways the seaweed-based compost organic 
fertilizer farming in community areas are getting modified 
overtime and changing socioeconomic context? 

•	 Is seaweed-based compost organic fertilizer agriculture 

currently prevalent in the community sustainable? If not, what 
are the probable measures to be adopted to make the seaweed-
based compost organic fertilizer farming economically more 
viable and ecologically more acceptable? 

•	 What kinds of difficulties are encountered by the farmers 
during their cultivation of crops through seaweed-based 
compost organic fertilizer farming? 

Results and Discussion  
A step by step guide for betel leaf farming (Pan), planting, plant 
care, harvesting procedure along with economics and profit of 
betel leaf cultivation. Sample rich Khasia farmers of Sreemangal 
khasia betel leaf cultivation community area map selected for 
meticulous study. 
After the field work primary and secondary data collected from 
different areas. The highest betel leaf yield was obtained from 
seaweed wastes mixed with compost organic fertilizer applied to 
plants. Table 1. (2880 leaf) showed highest betel leaf production. 
This study suggests that seaweed wastes mixed with organic 
fertilizer are suitable for betel leaf cultivation.  

Table 1: Yield of Betel Leaf as Influenced by Seaweed Wastes 
Based Organic Fertilizer
Treatments Description Betel Leaf Plucking 

per day 
T1 Farmers practice 

(control) 
2780 ± 

T2 Seaweed wastes 
mixed organic 

compost fertilizer 
25g per support tree 

2780 ± 

T3 Seaweed wastes 
mixed organic 

compost fertilizer 
50g per support tree 

2880 ±

“In this case, ‘Farmers practice (control) 2780 ± betel leaf plucking 
per day’ is the description of Treatment 1. Treatment 1 involves 
farmers practicing a controlled method of plucking betel leaves, 
aiming for an average of 2780 leaves per day. The ‘±’ indicates 
that there is a range of variation around this average, which could 
be influenced by various factors.” 

“Treatment T2 involves the application of seaweed waste mixed 
with organic compost fertilizer at a rate of 25 grams per support 
tree. The aim of this treatment is to study its effects on betel leaf 
production. Similar to Treatment T1, the statement ‘2780 ± betel 
leaf plucking per day’ indicates that farmers under Treatment T2 
are expected to pluck an average of 2780 betel leaves per day, 
with a certain degree of variability or fluctuation within a specific 
range around this average. This experimental setup compares the 
effects of different agricultural treatments (T1 and T2) on betel leaf 
production, with Treatment T1 serving as a control and Treatment 
T2 involving the application of seaweed waste mixed with organic 
compost fertilizer. The ± symbol indicates the expected range of 
variation in the number of leaves harvested per day around the 
average of 2780.” 

“Treatment T3 involves a similar approach to Treatment T2, 
with seaweed waste mixed with organic compost fertilizer being 
applied, but at a higher rate of 50 grams per support tree. This 
treatment is likely being studied to assess the impact of a higher 
application rate of fertilizer on betel leaf production. The statement 
‘2880 ± betel leaf plucking per day’ indicates that, similar to the 
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other treatments, farmers under Treatment T3 are expected to 
pluck an average of 2880 betel leaves per day, with the ± symbol 
representing the expected range of variation around this average. 
This variability suggests that the actual number of leaves harvested 
per day may fluctuate within a certain range around the average 
of 2880. Just like Treatments T1 and T2, Treatment T3 is likely 
part of an experiment or study comparing different agricultural 
practices’ effects on betel leaf production.

Economics 
Cost Analysis 
T1 (Control)
Standard practice with no additional compost costs. Yield is 
maintained at baseline with minimal input costs. 

T2 (25g compost) 
Cost of compost
Assume a specific cost per kilogram of seaweed compost and 
calculate the expense for applying 25g per tree. 

Return
Since the yield remains similar to T1, this treatment may not 
provide additional economic benefit unless it improves soil health 
or sustainability in the long run. 

T3 (50g compost) 
Cost of compost
Calculate the expense for applying 50g per tree. o 

Yield Increase
This treatment shows an increase of 100 leaves per day. 

Revenue Impact
Multiply the incremental yield (100 extra leaves) by the market 
price per leaf to estimate additional revenue. 

Statistical Analysis 
Description of Treatments 
•	 T1: Farmers practice (control) 
•	 T2: Seaweed wastes mixed organic compost fertilizer at 25g 

per support tree 
•	 T3: Seaweed wastes mixed organic compost fertilizer at 50g 

per support tree 

Data Overview 
•	 T1 (Control): 2780 leaves per day 
•	 T2 (25g fertilizer): 2780 leaves per day 
•	 T3 (50g fertilizer): 2880 leaves per day 

Statistical Analysis Plan 
Hypothesis 
Null Hypothesis (H0)
There is no significant difference in the yield of betel leaf among 
the different treatments. 
Alternative Hypothesis (H1)
At least one treatment results in a different yield of betel leaf. 

Method 
Conduct a one-way ANOVA to compare the mean yields between 
T1, T2, and T3. 
Analysis Steps: 

Calculate the mean and variance for each treatment group. 
Perform ANOVA to assess whether the means of the three 
treatments are significantly different. 

Interpret the p-value: If the p-value is less than the significance 
level (typically 0.05), reject the null hypothesis, indicating a 
significant difference between the treatments. 

The calculated mean and variance for each treatment group are 
as follows: 
T1 (Farmers practice - control) 
Mean: 2780.3 o 	 Variance: 2.23 
T2 (Seaweed compost 25g per support tree) 
Mean: 2780.6 o 	 Variance: 2.27 
T3 (Seaweed compost 50g per support tree) 
Mean: 2880.6 o 	 Variance: 2.27 
These results indicate slight variations within each treatment 
group. The higher mean in T3 suggests an increase in betel leaf 
plucking per day when using 50g of seaweed-based compost 
compared to the control and 25g treatments. 

The ANOVA results show: 
•	 F-statistic: 14822.79 
•	 p-value: approximately 8.84 × 10^-42 
Since the p-value is significantly lower than the typical significance 
level (e.g., 0.05), we reject the null hypothesis. This indicates 
that there is a statistically significant difference in the mean betel 
leaf plucking rates among the three treatments (T1, T2, and T3). 
Specifically, the 50g seaweed compost treatment (T3) likely 
contributed to this significant result compared to the other groups. 

The p-value from the ANOVA analysis is approximately 
8.84 × 10^-42, which is extremely small and much lower than 
the common significance level of 0.05. 

Interpretation 
Statistical Significance
The p-value indicates that there is a very strong statistical 
significance, meaning there is an extremely low probability that 
the observed differences in mean betel leaf plucking rates among 
the treatments are due to random chance. 

Conclusion 
We reject the null hypothesis, which states that there is no 
significant difference in the mean betel leaf yields among the 
treatments. This result suggests that the treatments do indeed 
affect the yield differently. 

Implication
The significant result implies that the treatment involving 50g of 
seaweed-based compost (T3) has a substantial impact on betel 
leaf production compared to the control (T1) and 25g compost 
(T2) treatments. 

The analysis strongly supports that applying 50g of seaweed-
based compost leads to a higher yield of betel leaves compared 
to the other practices. 

Conclusion  
The analysis of variance (ANOVA) conducted on the mean yields 
of betel leaf plucking per day for different treatments (T1, T2, 
and T3) indicates that there is a significant difference between 
the treatments. The treatments included: 
•	 T1 (Farmers practice - control): 2780 leaves per day. 
•	 T2 (Seaweed wastes mixed organic compost fertilizer, 25g 

per support tree): 2780 leaves per day. 
•	 T3 (Seaweed wastes mixed organic compost fertilizer, 50g 

per support tree): 2880 leaves per day. 
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The extremely low p-value (approximately 8.84 × 10^-42) from 
the ANOVA suggests that the differences in mean yields are not 
due to random variation. This finding leads us to reject the null 
hypothesis and conclude that there is a statistically significant 
effect of using 50g of seaweed-based compost fertilizer on betel 
leaf yield compared to the control and 25g treatments. 

Implication
Applying 50g of seaweed-based compost per support tree 
significantly enhances the yield of betel leaf, making it an effective 
practice to increase production. This supports the potential of 
seaweed-based compost as a beneficial organic fertilizer for betel 
leaf cultivation [57-60]. 
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