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INTRODUCTION  

 

As fishing activities continue to evolve, fish farming has experienced significant 

growth, particularly in marine, brackish, and freshwater aquaculture. Indonesia holds vast 

potential in this sector, with an estimated 17.91 million hectares of available aquaculture 

land. This comprises 2.8 million hectares (15.8%) suitable for freshwater aquaculture, 

2.96 million hectares (16.5%) for brackish water, and 12.12 million hectares (67.7%) for 
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Seaweed cultivation plays a vital role in advancing the sustainable 

development of fisheries within the framework of the blue economy. It 

optimizes the use of coastal and marine resources from ecological, 

economic, social, and technological perspectives. This study assessed the 

effectiveness of government-provided seaweed cultivation facilities and 

infrastructure in promoting aquaculture sustainability. A mixed-methods 

approach—combining both qualitative and quantitative techniques—was 

used, including field surveys, interviews with cultivators, and analysis 

through Rapfish software. The research was conducted across seven 

provinces in Indonesia, focusing on technical, economic, environmental, 

and socio-institutional dimensions. The results identify Lampung, Bali, and 

South Sulawesi as the top-performing provinces, with Lampung achieving 

the highest effectiveness score of 87.09. Key leverage factors include the 

availability of high-quality seeds, promotion of investment, and 

enhancement of group dynamics, all of which significantly contribute to 

sustainability. These findings underscore the importance of targeted 

interventions and robust policy support in maximizing the benefits of 

seaweed farming assistance programs and advancing sustainable fisheries. 
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marine cultivation. However, actual utilization remains limited, averaging just 2.7% of 

this potential. Currently, marine aquaculture occupies 278,920 hectares, pond farming 

utilizes 605,909 hectares, and freshwater aquaculture spans 316,446 hectares. This 

underutilization presents a major opportunity to position the marine and fisheries sector 

as a strategic pillar of national development (Ministry of Marine Affairs and Fisheries 

of the Republic of Indonesia, 2020). 

The future development of mariculture in Indonesia is critical to the advancement 

of the fisheries sub-sector and is recognized as a key national priority expected to drive 

economic growth (Hidayah et al., 2020). This goal presents a strategic challenge for the 

Ministry of Maritime Affairs and Fisheries, which aims to elevate aquaculture as a core 

engine for national economic development and food security. Production targets are 

aligned with both domestic consumption needs and international export markets 

(Ministry of Maritime Affairs and Investment of the Republic of Indonesia, 2017). 

Domestically, aquaculture supports food and nutritional security by providing safe, high-

quality products for public consumption (Dwinafiah & Hasan, 2023), thereby 

reinforcing national resilience. 

Among marine commodities, seaweed stands out as one of Indonesia's most 

valuable aquaculture exports, owing to its high economic return and broad range of 

applications (Adiguna et al., 2022; Tambunan et al., 2024). Its significance is not 

confined to Indonesia alone, as many countries recognize seaweed’s potential across 

multiple industries. It is a highly versatile commodity used in diverse sectors, including 

pharmaceuticals, cosmetics, and food production (Lomartire & Gonçalves, 2022). This 

versatility underscores seaweed’s strategic value in both domestic and global markets, 

contributing to economic growth, job creation, and industrial innovation. 

Seaweed cultivation also offers a sustainable livelihood alternative that empowers 

coastal communities. It brings several key advantages: (1) wide applicability of seaweed-

based products, (2) abundant cultivation land, and (3) a cost-effective production process 

that requires relatively simple technology (Marhawati et al., 2020). Furthermore, 

seaweed farming promotes a shift from environmentally exploitative practices to 

sustainable ones, thereby supporting the preservation of coastal ecosystems and 

improving the economic well-being of local communities (Annisa et al., 2023). It also 

empowers fishers and their families by providing supplementary income opportunities 

while maintaining traditional fishing practices as part of their livelihoods (Lein, 2018). 

To support aquaculture development, the Government of Indonesia—through the 

Directorate General of Aquaculture—has distributed seaweed cultivation facilities and 

infrastructure annually from 2021 to 2024. These initiatives aim to facilitate the adoption 

of modern technologies and enhance aquaculture productivity. This study evaluated the 

effectiveness of these government programs in supporting seaweed cultivation and 

promoting sustainable aquaculture practices across Indonesia. 
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MATERIALS AND METHODS  

 

Data collection 

The primary objective of data collection is to obtain clear, objective information on 

the types of government assistance provided by the Ministry of Maritime Affairs and 

Fisheries (KKP). This study specifically focuses on facilities and infrastructure for seed 

gardens and seaweed cultivation delivered to farmer groups across seven Indonesian 

provinces: Lampung, East Java, Bali, West Nusa Tenggara (NTB), South Sulawesi, North 

Sulawesi, and Maluku. 

Data were collected from both primary and secondary sources. Primary data were 

obtained through randomized questionnaires distributed to 10% of the seaweed farmer 

population in each selected province. Respondents completed the questionnaire via an 

online form, ensuring a systematic, efficient, and accessible data-gathering process. 

 

Survey locations and implementation 

The study focuses on provinces that are significant centers of aquaculture and have 

received government assistance for seed garden infrastructure and seaweed cultivation 

facilities. The selected provinces—Lampung, East Java, Bali, NTB, South Sulawesi, 

North Sulawesi, and Maluku—were chosen based on their active engagement in 

aquaculture and eligibility for support programs under the Ministry's initiatives. 

 

Data analysis 

Data analysis targets the evaluation of sustainability in aquaculture assistance 

provided to these key provinces. The analysis framework is based on the Multi-

Dimensional Scaling (MDS) method, implemented using Rapfish software. This 

approach allows for a comprehensive sustainability assessment across four key 

dimensions: 

• Technical 

• Environmental 

• Economic 

• Socio-institutional 

The selected attributes for evaluating the impact of aquaculture assistance across 

these dimensions are summarized in Table (1). 
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Table 1. Multidimensional sustainability attributes of aquaculture assistance impact 

evaluation 

No Attribute 

Score 

(Bad-

Good) 

Assessment Indicators List of Questions 

A Technical Dimensions   

1 Compliance with 

Indonesia's regional 

spatial plan/zoning 

plan 

0; 1; 2; Cultivation location: 

(0)  Does not comply 

with Indonesia's 

regional spatial 

plan/zoning plan 

(1)  Appropriate 

(2)  Very suitable 

Is the cultivation 

location in accordance 

with the Indonesia's 

regional spatial plan? 

2 Cultivation technology 0; 1; 2; Cultivation 

technologies developed: 

(0)  Not suitable 

(1)  Quite appropriate 

(2)  Very suitable 

Is the technology 

developed appropriate 

to existing 

environmental 

conditions? 

3 Certified cultivation 

unit 

0; 1; 2; Increase in certified 

cultivation units: 

(0) None 

(1) Yes, 0-10% Units 

(2) Yes, > 10% Units 

How many (%) certified 

cultivation units are 

available? 

4 Condition of 

supporting 

infrastructure for 

cultivation 

 

0; 1: 2; Condition of supporting 

infrastructure for 

cultivation: 

(0)  Inadequate 

(1)  Sufficiently 

adequate 

(2)  Very adequate 

What is the condition of 

the cultivation 

infrastructure 

(transportation, 

electricity, Telkom 

network) around the 

cultivation location? 

5 Cultivation production 

facilities 

0; 1; 2; Availability of 

cultivation production 

facilities: 

(0)  None 

(1)  Rare and hard to 

find 

(2)  Easy to find 

How is the availability 

of cultivation 

production facilities in 

the surrounding area? 

 

 

6 Availability/use of 

quality feed 

0; 1; 2 Quality of feed used: 

(0)  Low, minimal feed 

(1)  Medium, self-

feeding 

(2)  High, factory feed 

Does the feed used meet 

quality requirements? 
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No Attribute 

Score 

(Bad-

Good) 

Assessment Indicators List of Questions 

7 Availability of quality 

seeds 

0; 1; 2 Use of certified seeds: 

(0)  Not using certified 

seeds 

(1)  Sometimes 

(2)  Always use certified 

seeds 

Are certified seeds 

available? How often 

do farmer groups use 

certified seeds? 

 

 

8 Survival rate (SR) 0; 1; 2; (0)  Low : SR<60% 

(1)  Medium: SR 60%-

75% 

(2)  Good: > 75% 

How is the survival rate 

of the seeds that are 

sown? What is the SR 

value produced? 

9 Availability of quality 

fish medicine 

0; 1; 2; Availability of fish 

medicine for 

cultivation: 

(0)  Not available 

(1)  Available but few 

(2)  Available in 

sufficient quantities 

Explain how the 

availability of fish 

medicine is in the 

aquaculture fisheries 

village? 

 

 

10 Management/cultivatio

n management 

0; 2; Cultivation 

management is carried 

out: 

(0)  Part-time Jobs 

(2)  Main Job 

Is the cultivation carried 

out seriously and 

professionally? 

11 Use of appropriate 

technology (TG) 

0; 1; 2; Use of TG technology: 

(0) Do not use 

(1) Someone has 

already used it 

(2) Many people have 

used it 

Does the cultivation 

area apply appropriate 

technology? 

12 Production target 0; 1; 2; Production target 

compliance 

(0) It is not in 

accordance with 

(1) Quite appropriate 

(2) Very suitable 

Is production in 

accordance with the 

targets set per cycle? 

B Environmental Dimensions 

1 Condition of the 

quality of the aquatic 

environment as a 

source of maintenance 

media 

0; 1; 2 Environmental quality 

conditions: 

(0)  Bad 

(1)  Good enough 

(2)  Very good 

What is the condition of 

the quality of the water 

environment used as a 

source of maintenance 

media? 

2 Irrigation system in 0; 1; 2 Cultivation irrigation Does the cultivation 
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No Attribute 

Score 

(Bad-

Good) 

Assessment Indicators List of Questions 

cultivation area 

 

 

 

system: 

(0)  Directly from 

river/sea/well 

(1)  Using a reservoir 

(2)  Through filters and 

reservoirs 

irrigation system use 

reservoir water, or 

directly from the 

source? 

3 Handling of cultivation 

waste 

0; 1; 2 Handling of cultivation 

waste: 

(0)  None/bad 

(1)  Medium 

(2)  Good 

Do you apply 

wastewater treatment 

plant in cultivation? 

 

 

4 Suitability of 

cultivation area layout 

(site plan) 

0; 1; 2; Existing cultivation 

land layout (site plan): 

(0)  Not suitable 

(1)  Quite appropriate 

(2)  Very suitable 

Is the cultivation site 

plan in accordance with 

the provisions? 

5 Development of space 

utilization (non-

fisheries) 

0; 1 ;2 Development of 

existing space 

utilization: 

(0)  Height 

(1)  Medium 

(2)  Low 

How is the development 

of existing (non-fishery) 

space utilization? 

6 Intensity of disease 

cases 

0; 1 ;2 Intensity of disease 

attacks: 

(0)  Occurs frequently 

(1)  Rarely 

(2)  There are no cases 

Is the intensity of 

disease attacks in 

cultivation common? 

7 Environmental carrying 

capacity of cultivation 

0; 1 ;2 Carrying capacity of the 

cultivation environment 

(0)  Low 

(1)  Medium 

(2)  Height 

Sir, is the cultivation 

carried out in 

accordance with the 

environmental carrying 

capacity? 

8 Implementation of 

biosecurity 

0; 1; 2; Biosecurity 

Implementation: 

(0) There isn't any 

(1) There are some 

(2) Many apply 

Does the 

implementation of 

cultivation apply 

biosecurity? 

9 Changes in climate 

parameters 

0; 1 ;2 The impact of climate 

change on 

environmental aspects: 

(0)  Height 

Does climate change 

affect environmental 

quality? 
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No Attribute 

Score 

(Bad-

Good) 

Assessment Indicators List of Questions 

(1)  Medium 

(2)  High 

10 Rain intensity 

conditions (time and 

volume) 

0; 1 ;2 The effect of rainfall 

intensity on the decline 

in the quality of 

cultivation water: 

(0)  Height 

(1)  Medium 

(2)  Low 

Does rainfall intensity 

affect the cultivation 

process and reduce 

water quality? 

C Economic Dimension   

1 Fish price 0; 1 ;2 Fish Selling Price 

(0) Low 

(1) Medium 

(2) Height 

How much do you sell 

the fish (commodity) 

you produce? 

 

2 Product 

competitiveness 

0; 1 ;2 Product 

competitiveness 

towards business 

sustainability 

(0) Low 

(1) in progress 

(2) High 

How does product 

competitiveness affect 

business sustainability? 

 

3 Marketing of cultivated 

commodities 

0; 1 ;2 Marketing of cultivated 

commodities: 

(0) Difficult 

(1) Quite easy 

(2) Very easy 

Are cultivated 

commodities easy to 

market? 

 

4 Fish feed price 0; 1 ;2 Fish feed prices: 

(0) Increasingly 

expensive and 

unprofitable 

(1)  Sufficient and still 

profitable 

(2)  Affordable and 

profitable 

Are fish feed prices still 

affordable and 

profitable for farmers? 

5 Cultivator income 0; 1 ;2 There is an increase in 

the income of farmers 

(0) Decreased 

(1) Still 

(2) Increase 

Is the income from 

cultivation sufficient to 

increase family 

income/economy? 

 

6 Marketing chain 0; 1 ;2 Marketing chain of 

cultivated products 

How is the fish 

marketing chain at your 
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No Attribute 

Score 

(Bad-

Good) 

Assessment Indicators List of Questions 

(0) Length 

(1) Medium 

(2) Short 

location, seen from the 

marketing chain? 

 

7 The use of information 

technology (IT) in 

marketing products 

0; 1; 2; Use of IT in marketing: 

(0) No, just 

conventional 

(1) Already started to 

get familiar with IT 

(2) Already familiar 

with the use of IT 

Do you use information 

technology in marketing 

results? 

8 Investment boost 0; 1 ;2 Activity interventions 

can encourage 

investment and the 

growth of new business 

actors: 

(0) Less 

(1) Medium 

(2) Height 

Can activity 

interventions encourage 

the growth of interest 

from other 

investors/cultivators? 

 

9 Encouraging access to 

finance 

0; 1 ;2 Ease of access to 

financing: 

(0) Difficult 

(1) It's quite easy 

(2) Very easy 

Is it easy to get access 

to financing for your 

cultivation business? 

 

D Social and Institutional Dimensions  

1 Multiplier effect (local 

community 

involvement) 

0; 1 ;2 There is involvement of 

local communities 

(0) none 

(1) Enough 

(2) Height 

Does the local 

community play a 

role/gain benefits from 

cultivation activities? 

 

2 Improving human 

resources (HR) 

competence 

0; 1 ;2 There is a process of 

transferring knowledge 

and technology, both 

training and education. 

(0) None 

(1) rarely 

(2) Often 

What is the role of the 

service or extension 

workers in improving 

human resource (HR) 

competency? 

 

 

3 Access (ease) to obtain 

information 

(technology, market) 

0; 1 ;2 Access to existing 

information can support 

cultivation activities 

(0)  None 

(1)  Yes, less than 

How is the access to 

information available to 

support improving the 

quality of farmers? 
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No Attribute 

Score 

(Bad-

Good) 

Assessment Indicators List of Questions 

optimal 

(2)  Yes, very optimal 

4 Involvement of women 

and family members 

  

0; 1 ;2 Involvement of women 

and family members in 

cultivation activities 

(0)  None 

(1)  Yes, less than 

optimal 

(2)  Yes, very optimal 

What is the role of 

women and family 

members in the 

cultivation activities 

that you carry out? 

5 Group class dynamics 

and improvement 

0; 1 ;2 The Role of Pokdakan 

(0) Less important 

(1) Quite important 

(2) Very important 

Does the existence of 

Pokdakan play a role in 

efforts to increase 

knowledge, skills and 

cultivation production? 

6 Collaborative business 

climate/culture 

0; 1; 2 The business culture 

that is carried out 

(0) Alone 

(1) There is 

togetherness 

(2) Collaboration in 

business has 

become a culture 

(consultation) 

Is building and 

developing a cultivation 

business done 

collaboratively? 

7 Potential conflict 0; 1 ;2 Potential conflict 

(0) None 

(1) Medium 

(2) Height 

Does your cultivation 

efforts cause conflict in 

the community? 

 

8 Guidance, supervision 

and enforcement of 

rules 

0;1;2 The role of the 

apparatus in efforts to 

foster, supervise and 

enforce regulations 

(0) None 

(1) Rarely 

(2) Often 

What is the role of the 

authorities in coaching, 

supervision and 

enforcement of 

regulations when 

conflicts/prohibited 

activities occur? 

 

RESULTS  

Contribution of each sustainability aspect (dimension) of the seaweed 

nursery/cultivation facilities assistance 

The impact of the Seaweed Nursery and Cultivation Facilities Assistance is 

assessed across four key dimensions: technical, environmental, economic, and socio-
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institutional. Each dimension is evaluated using specific attributes that reflect the 

effectiveness of the assistance in supporting sustainable aquaculture development. The 

evaluation covers seven provinces—Lampung, East Java, Bali, NTB, South Sulawesi, 

North Sulawesi, and Maluku. The results of this assessment are summarized in Table (2), 

which highlights the relative contribution of each aspect to the overall effectiveness of the 

government assistance program. 

 

Table 2. Analysis of the contribution of sustainability aspects to seaweed 

nursery/cultivation facilities assistance 

No Province Sustainability Aspects Sustainability Values Contribution (%) 

1 Lampung 

Technical 84.22 25.25 

Environment 73 21.88 

Economy 91.85 27.53 

Social Institutions 84.53 25.34 

Amount 100.00 

2 East Java 

Technical 53.45 18.59 

Environment 77.55 26.98 

Economy 79.83 27.77 

Social Institutions 76.64 26.66 

Amount 100.00 

3 Bali 

Technical 66.03 20.96 

Environment 82.63 26.23 

Economy 83.71 26.57 

Social Institutions 82.7 26.25 

Amount 100.00 

4 NTB 

Technical 55.61 20.97 

Environment 58.28 21.98 

Economy 70.1 26.43 

Social Institutions 81.2 30.62 

Amount 100.00 

5 South Sulawesi 

Technical 65 22.01 

Environment 77.56 26.26 

Economy 70.1 23.74 

Social Institutions 82.68 27.99 

Amount 100.00 

6 North Sulawesi 

Technical 53.73 23.16 

Environment 73.01 31.47 

Economy 53.56 23.09 
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No Province Sustainability Aspects Sustainability Values Contribution (%) 

Social Institutions 51.69 22.28 

Amount 100.00 

7 Maluku 

Technical 62.45 23.16 

Environment 82.65 30.65 

Economy 57.43 21.30 

Social Institutions 67.13 24.89 

Amount 100.00 

Information: 

0-25 25-50 51-75 76-100 

Ineffective Less Effective Quite Effective Very Effective 
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Fig. 1. Flyover diagram of the sustainability index ordination results for each 

province regarding assistance for seaweed seed gardens/cultivation facilities 

Identification of leverage attributes (leverage analysis) of seedling/seaweed 

cultivation facilities assistance 

Based on the results of the leverage analysis conducted using the Rapfish 

Evaluation Assistance method, key leverage attributes were identified within each 

sustainability dimension. Leverage analysis measures the sensitivity of each attribute by 

calculating the change in the sustainability score when the attribute is removed from the 

model. Specifically, leverage is determined by the difference in standard error between 

the sustainability score with the attribute included and the score without it. This approach 

provides valuable insights into the relative influence of each attribute, identifying which 

ones act as critical leverage factors in determining the overall impact of the seaweed 

nursery and cultivation facility assistance. These sensitive attributes are essential for 

guiding policy interventions and improving program effectiveness across the technical, 

environmental, economic, and socio-institutional dimensions. 
 

  
 

Fig. 2. Sustainability ordinance and leverage attributes technical dimensions of 

seaweed nursery/cultivation facilities assistance 
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Fig. 3. Sustainability ordinance and leverage attributes of environmental 

dimensions of seaweed nursery/cultivation facilities assistance 

  
 

Fig. 4. Sustainability ordinance and leverage attributes of economic dimension of 

seaweed nursery/cultivation facilities assistance 

  
 

Fig. 5. Sustainability ordinance and leverage attributes of social dimension of 

institutional assistance for seaweed nursery/cultivation facilities 
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Based on Figs. (2-5), a total of eight attributes have been identified as leverage 

attributes in the context of seaweed nursery and cultivation facility assistance. These 

attributes play a critical role in influencing sustainability outcomes and are summarized 

in Table (3). 

Comparison of seaweed cultivation facility assistance across provinces 

The results of the multidimensional sustainability analysis for aquaculture 

assistance—specifically seaweed cultivation facility assistance—across seven provinces 

in Indonesia are illustrated in Fig. (6). The corresponding multidimensional sustainability 

scores for each province are presented in Table (4), providing a comparative overview of 

the effectiveness and sustainability performance of the assistance programs across 

regions. 

Table 3. Leverage attributes of various dimensions of sustainability of seaweed 

nursery/cultivation facilities assistance 

Dimensions Attribute RMS Point 

Technical Availability of Quality Seeds 4.56 

Certified Cultivation Unit 4.42 

Cultivation Production Facilities 3.84 

Environment Intensity of Disease Cases 7.76 

Climate Parameter Changes 5.37 

Economy Investment Boost 4.89 

Cultivator Income 4.85 

Social Institutions Group Class Dynamics and 

Improvement 

7.20 

 

 

Fig. 6. Effectiveness of inter-provincial seaweed nursery/cultivation facilities 

assistance 
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Table 4. The value of ordination and effectiveness of inter-provincial seaweed 

nursery/cultivation facilities assistance 

No Province Ordination Value Effectiveness of Aid 

1 Lampung 87.09 Very Effective 

2 East Java 73.92 Quite Effective 

3 Bali 80.02 Very Effective 

4 NTB 64.05 Quite Effective 

5 South Sulawesi 72.56 Quite Effective 

6 North Sulawesi 58.76 Quite Effective 

7 Maluku 67.81 Quite Effective 

 

DISCUSSION 

 

Contribution of each aspect (dimension) of sustainability of seaweed 

nursery/cultivation facilities assistance 

The analysis of the sustainability aspects of seaweed nursery and cultivation facility 

assistance across seven provinces in Indonesia indicates that the effectiveness of the 

assistance programs ranges from moderately effective to highly effective. Lampung 

Province stands out with very high effectiveness in the technical, economic, and socio-

institutional dimensions, while the environmental dimension is categorized as moderately 

effective. This moderate performance in environmental sustainability is influenced by 

fluctuations in climate parameters such as salinity, water clarity, high sea surface 

temperatures, and strong ocean currents, all of which can directly affect seaweed farming 

conditions. The selection of cultivation sites is crucial for maintaining sustainability. 

According to Numberi et al. (2020), selecting the appropriate location is essential not 

only for optimizing production but also for minimizing the risk of disease and quality 

degradation. Yuliana et al. (2015) emphasize that variations in salinity significantly 

affect the growth of Caulerpa lentillifera (latoh seaweed), while Zakariah et al. (2023) 

identify water quality indicators—such as brightness, temperature, current velocity, water 

depth, pH, and salinity—as critical factors in determining productivity. Indayani et al. 

(2021) further specify that optimal seaweed cultivation occurs at water temperatures 

between 20–23°C, clarity of 1–5 meters, current velocity of 5–50 cm/s, and salinity 

ranging from 15 to 38 ppt. 

East Java and Bali Provinces demonstrate a similar sustainability profile, showing 

high effectiveness in environmental, economic, and socio-institutional aspects, with the 

technical aspect rated as moderately effective. North Sulawesi, in contrast, is categorized 

as moderately effective across all four dimensions. Maluku Province shows a mixed 

pattern, achieving high effectiveness in economic and environmental aspects but only 

moderate effectiveness in technical and socio-institutional dimensions. 
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The technical dimension is significantly influenced by the availability of cultivation 

production facilities, quality seaweed seeds, and certified cultivation units. As noted by 

Syachruddin et al. (2019), the development or procurement of cultivation facilities is 

essential for producing high-quality seaweed with greater market value. High-quality 

seed availability is a fundamental requirement for increasing productivity, as emphasized 

by Suryawati and Erlina (2017), who identify seed quality, cultivation technology, and 

training as key internal strategic factors. Certification also plays a vital role by promoting 

proper cultivation techniques that reduce the risk of failure (Wahyuni, 2019). 

Furthermore, production efficiency is closely linked to the availability of adequate 

cultivation infrastructure, as supported by World Bank (2016) and Zainuddin (2023). 

Legal and regulatory aspects also influence seaweed cultivation sustainability. 

(WWF, 2014) explains that a key legal component in this context is the requirement for a 

fisheries business license. According to the Ministry of Maritime Affairs and Fisheries 

(2007), such a license is mandatory for large-scale operations but not required for small-

scale activities, such as hatcheries with land areas below 0.5 hectares or grow-out farms 

under 5 hectares. 

In West Nusa Tenggara (NTB), the socio-institutional dimension is highly 

effective, while the technical, economic, and environmental aspects are moderately 

effective. Group dynamics and the elevation of group classification are significant 

contributors to sustainability in this province. Hendrawati (2016) notes that institutional 

and human resource development are essential for building an ecosystem of financial and 

cooperative support that protects the interests of farmers and stakeholders. Widiyanti 

and Nabilah (2024) add that the number of active workers in the sector has a measurable 

impact on productivity, particularly in regions like East Lombok. 

South Sulawesi Province is rated as moderately effective in technical and economic 

dimensions, while environmental and socio-institutional aspects are considered highly 

effective. Key leverage attributes in the economic domain include investment incentives 

and the resulting improvement in cultivator income. Dinda et al. (2016) explain that 

increased investment in seaweed cultivation leads to improved infrastructure, greater 

access to capital, training opportunities, and the diversification of products. Widiyarini 

(2022) confirms that domestic investment, fisheries business credit, and exports have a 

significant influence on the performance of the fisheries sub-sector, particularly in 

regions like Riau Islands Province. Cultivator income is also a crucial factor in 

sustainability, as efficient business practices reduce dependency on other resources and 

promote more stable, long-term income, as supported by Hendrawati (2016). 

Leverage analysis using Rapfish software identifies several key attributes that 

significantly influence sustainability across dimensions. In the technical dimension, the 

most influential attributes include the availability of quality seeds with an RMS value of 

4.56, certified cultivation units with a value of 4.42, and cultivation production facilities 

with a value of 3.84. Irfan et al. (2020) emphasize that these factors are critical for 
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success in seaweed cultivation, with quality seeds having a direct impact on growth rates 

and resilience to disease and environmental stress, as further noted by Irawati and 

Affandi (2024). Certification contributes to proper cultivation methods, reducing the 

likelihood of failure, while production facilities support increased yields and better farm 

management (World Bank, 2016; Zainuddin, 2023). 

In the environmental dimension, the most significant leverage attributes are the 

intensity of disease outbreaks, with an RMS value of 7.76, and changes in climate 

parameters, with a value of 5.37. Diseases such as "ice-ice" and stem rot can severely 

impact yields (Erabley & Kelabora, 2018). Climate variability influences oceanographic 

conditions, which in turn affect seaweed growth cycles and productivity, as detailed by 

Erlania and Radiarta (2014), Behera et al. (2022) and Ross et al. (2023). 

The economic dimension includes two prominent leverage attributes: investment 

encouragement (RMS: 4.89) and cultivator income (RMS: 4.85). Sitompul et al. (2022) 

note that both intensification and extensification of cultivation have a substantial impact 

on improving local economies. However, unstable farmer income, driven by non-

standardized dried seaweed prices, remains a challenge, as observed by Jaman et al. 

(2023) and Salim et al. (2023). 

Within the socio-institutional dimension, group dynamics and organizational class 

improvement emerged as the single most influential leverage attribute. Soejarwo et al. 

(2019) argue that effective group organization facilitates the implementation of proper 

cultivation systems. On the other hand, Ngabalin (2014) highlights the role of farmer 

groups in marketing and collective bargaining. Group effectiveness is influenced by 

internal factors such as structure, unity, leadership, and goals, as discussed by Agusanty 

et al. (2021). 

A comparison of the overall effectiveness of seaweed cultivation assistance across 

the seven provinces reveals that Lampung Province achieved the highest sustainability 

score at 87.09, followed by Bali Province at 80.02, and South Sulawesi Province at 72.56. 

The high effectiveness score in Lampung reflects the strong impact of assistance 

programs, including infrastructure and nursery facilities, in increasing production. 

Hendrawati (2016) asserts that the success of the seaweed industry depends not only on 

the availability of raw materials but also on the integration of technical, marketing, 

environmental, financial, and institutional factors. Supporting this perspective, Neksidin 

(2024) concludes that sustainable seaweed aquaculture requires the interconnection of all 

sustainability dimensions. Achieving optimal sustainability in seaweed cultivation 

therefore depends on balanced progress across technical, environmental, economic, and 

socio-institutional aspects. 

CONCLUSION 

 

Government assistance distributed by the Directorate General of Aquaculture has 

played a significant role in advancing aquaculture development and enhancing 
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community welfare. However, the effectiveness of this assistance varies across regions 

and among recipient groups. Among the provinces evaluated, Lampung emerged as the 

most successful, achieving an ordination score of 87.09, which falls into the "Very 

Effective" category. 

Acknowledgments 

This research was made possible with the support of the Directorate General of 

Aquaculture, Ministry of Maritime Affairs and Fisheries of the Republic of Indonesia, 

and PT Sucofindo. The authors express their sincere gratitude for their collaboration and 

assistance throughout the study. 

 

REFERENCES  

 

Adiguna, A.D.; Krisnamurthi, B. and Erwidodo, E. (2022). Analysis of 

Competitiveness of Indonesian Processed Seaweed Exports. Indonesian 

Agribusiness Journal, 10(1): 31–39. https://doi.org/10.29244/jai.2022.10.1.31-39. 

Agusanty, H.; Mustafa, M.D.; Khaeriyah, A. and Arief, A.A. (2021). Kajian 

Dinamika Kelompok Dalam Pengembangan Usaha Budidaya Rumput Laut di 

Kabupaten Bone. Jurnal IPTEKS PSP., 8(1): 34-47. 

https://doi.org/10.20956/jipsp.v8i1.12652. 

Annisa, N.; Samawi, M.F. and Idrus, M.R. (2023). Status of Seaweed K. alvarezii 

Cultivation Sustainability as a Strategic Direction for Seaweed Management in 

Baubau City, Southeast Sulawesi. Journal of Science Education Research, 9(2): 

931–937. https://doi.org/10.29303/jppipa.v9i2.2874. 

Behera, P.D.; Vadodariya, V.; Veeragurunathan, V.; Sigamani, S.; Moovendhan, 

M.; Srinivasan, R.; Kolandhasamy, P. and Ingle, K.N. (2022). Seaweeds 

Cultivation Methods and Their Role in Climate Mitigation and Environmental 

Cleanup. Total Environment Research Themes, 3–4, 100016. 

https://doi.org/10.1016/j.totert.2022.100016. 

Cai, J. (2021). Global Status of Seaweed Production, Trade and Utilization. Seaweed 

Innovation Forum Belize, 18 May. 

Dinda, H.S.A.; Danakusumah, E. and Rahmani, U. (2016). Analisis Usaha Budidaya 

Rumput Laut (Eucheuma cottonii) di Pulau Pari, Kepulauan Seribu. Jurnal Satya 

Minabahari, 1(2): 22-31. 

Dwinafiah, R. and Hasan, S.A.Z. (2023). Optimization of Digital-Based Quality 

Fisheries Production That is Safe and Environmentally Friendly as an Economic 

Enhancement for Coastal Communities. Marine Science and Technology 

Research, 6(2): 141–146. https://doi.org/10.62012/sensistek.v6i2.31731. 

Erbabley, N.Y.G.F. and Kelabora, D.M. (2018). Identification of Seaweed Bacteria 

Kappaphycus alvarezii Based on Planting Season in Southeast Maluku Waters. 

Indonesian Aquatics, 3(1): 19. https://doi.org/10.24198/jaki.v3i1.23398. 

https://doi.org/10.20956/jipsp.v8i1.12652


1967 
Effectiveness of Seaweed Farming Infrastructure for Advancing Sustainable Fisheries in 

Indonesia  
 

 

Erlania, E. and Radiarta, I.N. (2014). Differences in Seaweed Cultivation Cycles, 

Kappaphycus alvarezii, on The Variability of Carbon Absorption Levels. Journal 

of Aquaculture Research, 9(1): 111. https://doi.org/10.15578/jra.9.1.2014.111-

124. 

Hendrawati, T.Y. (2016). Pengolahan Rumput Laut dan Kelayakan Industrinya. UMJ 

Press, Jakarta Selatan. 

Hidayah, Z.; Arisandi, A. and Wardhani. (2020).  Pemetaan Kesesuaian Perairan 

untuk Budidaya Laut di Perairan Pesisir Kabupaten Situbondo dan Banyuwangi 

Jawa Timur. Journal of Science and Technology, 13(3): 307-316. 

Indriyani, S.; Hadijah, E. and Indrrawati. (2021). Potensi Budidaya Rumput Laut 

Studi Perairan Pulau Sembilan Kabupaten Sinjai Sulawesi Selatan (Studi Perairan 

Pulau Sembilan Kabupaten Sinjai Sulawesi Selatan). Pusaka Almaida, Gowa. 

Irawati, B.A. and Affandi, R.I. (2024). Tissue Culture of Kappaphycus Alvarezii 

Seaweed Using Somatic Embryogenesis Method. Ganec Swara, 18(1): 358. 

https://doi.org/10.35327/gara.v18i1.768. 

Irfan, M.; Abdullah, N.; Yuliana, Samadan, G.M. and Subur, R. (2020). 

Sustainability Status of Seaweed Kappaphycus Alvarezii Cultivation In Posi-Posi 

Waters, South Kayoa Subdistrict, Regency of South Halmahera, Province of 

North Mollucas, Indonesia. International Journal of Advanced Science and 

Technology, 29(8): 806–817. 

Jaman, I.; Karwur, H.M. and Lobja, X.E. (2023). Socio-Economic Conditions of 

Seaweed Farmers in Apal Village, Liang District, Banggai Islands Regency. 

Journal of Geography Education and Research, 4(1): 1–11. 

https://doi.org/10.53682/gjppg.v4i1.2260. 

Lein, A.A.R. (2018). Factors affecting the fishermen's household income and welfare. 

International Research Journal of Management, IT and Social Sciences, 5(4): 80–

90. https://doi.org/10.21744/irjmis.v5n4.266. 

Lomartire, S. and Gonçalves, A.M.M. (2022). An Overview of Potential Seaweed-

Derived Bioactive Compounds for Pharmaceutical Applications. Marine Drugs, 

20: 141. https://doi.org/10.3390/md20020141. 

Marhawati.; Rakib, M.; Syam, A. and Ma'ruf, M.I. (2020). Analysis of The 

Feasibility of Seaweed Farming in Pangkep District. International Conference on 

Science and Advances in Technology (ICSAT), 1486–1492. 

Minister of Maritime Affairs and Fisheries of the Republic of Indonesia. (2007). PER 

12/MEN/2007 tentang Perizinan Usaha Pembudidayaan Ikan. 

Ministry of Maritime Affairs and Investment of the Republic of Indonesia. (2017). 

Indonesia's Fisheries Potential. RI Wantimpres Website, 1–7. 

Ministry of Marine Affairs and Fisheries of the Republic of Indonesia. (2020). 

Appendix I: Strategic Plan of The Ministry of Marine Affairs and Fisheries 2020-

2024. 1–108. 



1968 
Sutaman et al., 2025 

Neksidin.; Triyono. and Murtini, S. (2024). Pengelolaan Budi daya Rumput Laut 

denganPendekatan Sosial-Ekonomi dan Ekologi di Pulau Pari. Jurnal Ilmu 

Pertanian Indonesia (JIPI), 29(2): 222-230. 10.18343/jipi.29.2.222. 

Ngabalin, A.M. (2014). Analisis Value Chain System dan Strategy Pemasaran Rumput 

Laut di Kabupaten Maluku Tenggara. Journal of Applied Science, 4(1): 59–70. 

https://doi.org/10.29244/jstsv.4.1.59-70. 

Numberi, Y.; Budi, S. and Salam, S. (2020). Analisis Oseanografi dalam Mendukung 

Budidaya Rumput Laut (Eucheuma Cottonii) di Teluk Sarawandori Distrik 

Kosiwo Yapen-Papua. Urban and Regional Studies Journal, 2(2): 71-75. 

Riki; Syafril, M. and Haqiqiansyah, G. (2020). Financial Analysis of Seaweed 

Cultivation Business (Gracilaria sp) in Tanjung Sembilang, Riki, 7: 144–153. 

Ross, F.W.R.; Boyd, P.W.; Filbee-Dexter, K.; Watanabe, K.; Ortega, A.; Krause-

Jensen, D.; Lovelock, C.; Sondak, C.F.F.; Bach, L.T.; Duarte, C.M.; Serrano, 

O.; Beardall, J.; Tarbuck, P. and Macreadie, P.I. (2023). Potential role of 

seaweeds in climate change mitigation. Science of the Total Environment, 

885(May): 163699. https://doi.org/10.1016/j.scitotenv.2023.163699. 

Salim, H.; Ilsan, M. and Boceng, A. (2023). Analisis Tingkat Pendapatan Petani 

Rumput Laut (Studi Kasus Di Kecamatan Wara Timur, Kota Palopo, Provinsi 

Sulawesi Selatan). Innovative: Journal Of Social Science Research, 3(3): 10162-

10174. 

Sitompul, J.S.; Susanto, A. and Setyati, W.A. (2022). Potential and Strategy for 

Developing Seaweed Cultivation in Randusanga Kulon Village, Brebes. Journal 

of Marine Research, 11(4): 641–647. https://doi.org/10.14710/jmr.v11i4.35261. 

Soejarwo, P.A.; Yusuf, R. and Zulham, A. (2019). Analysis of Sustainability of 

Seaweed Cultivation Business in East Sumba, East Nusa Tenggara. Journal of 

Marine and Fisheries Socioeconomics, 14(1): 37. 

https://doi.org/10.15578/jsekp.v14i1.7815. 

Suryawati, H.S. and Erlina, M.D. (2017). Strategi Pengembangan Usaha Budidaya 

Rumput Laut di Kabupaten Buton Selatan. J. Sosek KP. 12(1): 31-44. 

Syachruddin, A.R.; Karnan, K.; Japa, L.; Merta, I.W. and Mertha, I.G. (2019). 

Meningkatkan Kualitas Produksi Rumput Laut Melalui Pelatihan tentang Sistem 

Pengelolaan BudidayaSecara Terpadu di Gili Gede Lombok Barat NTB. Jurnal 

Pengabdian Magister Pendidikan IPA. 2(1): 66-70. 

Tambunan, G.G.; Fachrezim, M.A.; Qisthi, N.M.; Ifada, M.T.; Putri, S.K.; Sitepu, 

R.K.K. and Luthfiah, N.F. (2024). Analysis of the Competitiveness of 

Indonesian Seaweed Exports to China and South Korea. Center for Management 

Science Publication, 2(3): 31–41. 

Wahyuni, A. (2019). Feasibility Analysis of Seaweeds (Eucheuma Cottoni) For Export 

in Salemba Village, Ujung Loe District, Bulukumba Regency. Agrominansia. 

4(1): 172–180. https://doi.org/10.34003/284057. 



1969 
Effectiveness of Seaweed Farming Infrastructure for Advancing Sustainable Fisheries in 

Indonesia  
 

 

Widiyanti, N.M.N.Z. and Nabilah, S. (2024). Analisis Faktor-faktor yang 

Mempengaruhi Produksi Rumput Laut di Kecamatan Jerowaru Kabupaten 

Lombok Timur. Jasintek., 5(2): 241-250. 

Widiyarini, A.; Rodoni and Latuconsina, S. (2022). Determinan Kinerja Sub Sektor 

Perikanan Guna Mendukung Ketahanan Ekonomi di Provinsi Kepulauan Riau. 

Jurnal Ketahanan Nasional, 28(2): 222-240. 

World Bank. (2016). Seaweed Aquaculture for Food Security, Income Generation and 

Environmental Health in Tropical Developing Countries. Seaweed Aquaculture 

for Food Security, Income Generation and Environmental Health in Tropical 

Developing Countries. https://doi.org/10.1596/24919. 

WWF. (2014). Budidaya Rumput Laut Gracilaria sp. di Tambak (Versi 1). WWF-

Indonesia. 

Yuliana, A.; Rejeki, S. and Widowati, L.L. (2015). Pengaruh Salinitas Yang Berbeda 

Terhadap Pertumbuhan Rumput Laut Latoh (Caulerpa lentillifera). Journal of 

Aquaculture Management and Technology, 4(4): 61-66. 

Zainuddin, Z. (2023). Potential of Processing and Management of Seaweed Cultivation 

(Kappaphycus alvarezii) in North Kalimantan Province. Journal of Food 

Technology and Plantation Industry (LIPIDA), 3(1): 209–226. 

https://doi.org/10.58466/lipida.v3i1.793. 

Zakariah, M.I.; Koto, S.; Irsan and Fesanrey, W. (2023). Analisis Kualitas Perairan 

Budidaya Rumput Laut di Dusun Saliong Desa Batu Boy Sebagai Dampak Gagal 

Panen. Biopendix. 10(1): 91-101. 


