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ABSTRACT

This study aimed to examine the influence of farmer characteristics and extension services on the 
sustainability of seaweed cultivation in three districts of Polewali Mandar Regency, West Sulawesi, namely 
Polewali, Binuang, and Wonomulyo. A total of 267 seaweed farmers were surveyed using a questionnaire, and 
the data were analyzed through multiple linear regression. Informed consent was obtained in writing from all 
participants before data collection. The results showed that farmer characteristics and extension services had 
a positive and significant effect on seaweed farming sustainability. These findings highlight the importance of 
strengthening both human capital and institutional support. Key farmer characteristics, such as education level, 
farming experience, motivation, and openness to innovation, play a vital role in sustaining seaweed businesses. 
Enhancing these competencies through training, formal and non-formal education, and capacity-building 
programs will improve farmers’ ability to adopt sustainable practices, adapt to environmental changes, and 
increase productivity. Similarly, the significant role of extension services demonstrates the need for continuous 
technical assistance, knowledge transfer, and institutional backing. Improving extension systems by deploying 
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more qualified field officers, conducting regular farm visits, and tailoring content to local contexts can bridge the 
gap between innovation and practice. Participatory extension models that engage farmers directly can further 
promote peer learning and community cohesion. At the policy level, this study supports integrating farmer 
capacity development and extension strengthening into regional agricultural and fisheries strategies to ensure 
long-term sustainability of seaweed farming.
Keywords: Seaweed Farmer Characteristics; Extension; Business Sustainability

1.	Introduction
Seaweed is a fishery export commodity with great 

potential to be developed due to the significance as a 
source of large foreign exchange for the country. Duarte 
[1], showed that cultivation contributed 51% of the glob-
al seaweed production and has continued to develop 
every year. Seaweed is commonly used in food, cosmet-
ics, and industrial raw materials [1–3].

In general, seaweed is traded in the dried form that 
is consumed directly, and hydrocolloid products includ-
ing carrageenan, agar-agar, and alginate. Among the 
total world seaweed production, 65% can be consumed 
directly, 15% are hydrocolloid materials, and 20% com-
prise fertilizer, paper, or biofuel [4–7]. Seaweed is consid-
ered macroalgae that can be used as food, feed, biofuel, 
cosmetics, and pharmaceuticals [8].

Seaweed production (dry) tends to fluctuate, es-
timated at 1,191.50 tons in 2016, and 1,316.00 tons 
in 2017. In 2018, it decreased to 1,276.43 tons but in-
creased to 1,289.89 tons in 2019, 1,437.73 tons in 2020, 
and 1,471.62 in 2021. Meanwhile, in 2022, production 
decreased again to 1,444.65 tons [9]. The decreased pro-
duction (dry) in 2018 and 2020 can be attributed to the 
low competence of the seaweed farmers. Competence is 
a basic characteristic possessed by individuals which is 
a benchmark for the size or criteria related to success-
ful individual activities. Simamora stated that charac-
teristics are traits or properties that exist in individuals, 
including age, education, and experience. These charac-
teristics can either be carried from birth or result from 
interaction with the environment [10].

Seaweed business management must be oriented 
toward increasing production and sustainability. This is 
closely related to the characteristics possessed by farm-
ers, which differ from one another. Farmers believe 
seaweed cultivation is not difficult, but as the business 
progresses, many problems or difficulties often occur. 
Characteristics such as motivation, rationality, and in-

novation affect seaweed production, quality, and busi-
ness sustainability. Consequently, farmers need contin-
uous guidance by active extensionists. To advance the 
community, effective support from extension institu-
tions is needed [11]. Fisheries extension services includ-
ing assistance, technical guidance, as well as intensive 
and sustainable management are needed [12]. Therefore, 
this study aimed to determine the influence of seaweed 
farmer characteristics and extension on business sus-
tainability in Polewali Mandar Regency, West Sulawesi. 

2.	Methods
This study was conducted across three districts 

in Polewali Mandar Regency, namely Polewali, Binu-
ang, and Wonomulyo. The three districts are coastal 
areas where many seaweed farmers are found. Data 
collection was carried out by field survey using ques-
tionnaires and the total number of samples was 267. 
This study was conducted across three districts in 
Polewali Mandar Regency, namely Polewali, Binuang, 
and Wonomulyo. The three districts are coastal areas 
where many seaweed farmers are found. The research 
approach used in this research is a quantitative meth-
od based on surveys and direct field observations. The 
selection of respondents was carried out using the Pur-
posive Sampling technique, adjusting to the criteria re-
quired by the researcher, such as business duration, age 
of farmers, and others. The number of samples used in 
this study after validation is 267. The number of ques-
tionnaires distributed was 340, and after verification, 
there were 73 samples that did not meet the criteria 
due to incomplete information (many unanswered 
questions), outliers, and unreliability (after testing for 
reliability and validity). The invalid data were not used, 
leaving only 267. The number of respondents, 267, is 
sufficient and even exceeds the number recommended 
by several researchers. Among them, a sample size of 
225–450 is recommended for the maximum likelihood 
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(ML) estimation technique, and it is considered that the 
larger the sample size, the better it represents the pop-
ulation. In addition, anticipating the possibility of sam-
ples being invalidated or not used due to incomplete 
information or data.

The variables examined include seaweed farmer 
characteristics, extension, and business sustainability 
as shown in Table 1. The questionnaire was tested us-
ing validity and reliability tests based on the calculated 
r-value > r table (0.1200).

Table 1. Study variables and indicators.

Variable Indicator r Count r Table Significant α Dec.

Characteristics 

Motivation 0.959 0.12 0.00 0.05 Valid

Rationality 0.963 0.12 0.00 0.05 Valid

Pen_Innovation 0.978 0.12 0.00 0.05 Valid

Extension

Material 0.962 0.12 0.00 0.05 Valid

Method 0.946 0.12 0.00 0.05 Valid

Kem_Extension 0.959 0.12 0.00 0.05 Valid

Duk_Facilities 0.951 0.12 0.00 0.05 Valid

Duk_Cooperation 0.932 0.12 0.00 0.05 Valid

Sustainability

Keb_Economic 0.947 0.12 0.00 0.05 Valid

Keb_Social 0.963 0.12 0.00 0.05 Valid

Keb_Environment 0.952 0.12 0.00 0.05 Valid

Keb_Human Resources 0.952 0.12 0.00 0.05 Valid

All study items were tested for reliability and the 
basis for making decisions is:

1.	 If  the Cronbach alpha value is > 0.6 then the vari-
able is reliable

2.	 If  the Cronbach alpha value is < 0.6 then the vari-
able is not reliable

Table 2 shows that all variables have a Cronbach 
alpha value > 0.60, suggesting significant reliability. 

Table 2. Test results for each variable.
Variable Cronbach alpha Standard Description

Characteristics 0.939 0.6 Reliable
Extension 0.962 0.6 Reliable

Sustainability 0.962 0.6 Reliable

The data obtained were analyzed using multiple 
regression analysis. The SPSS 22 program was used to 
support data analysis.

3.	Multiple Regression Analysis 
Results
Table 3 and Table 4 show the results of multiple 

regression analysis. More specifically, Table 4 shows 
that all study hypotheses are accepted. Therefore, the 
sustainability of seaweed cultivation was positively 
and significantly influenced by farmer characteristics 
(ß = 0.317, Þ = 0.000) and extension (ß = 0.233, Þ = 
0.000)

Table 3. The relationship between the sustainability of seaweed cultivation, farmer characteristics, and extension Model Sum-
mary.

Change Statistics

Model R R Square Adjusted R 
Square

Std. Error of the 
Estimate

R Square 
Change F Change df1 df2 Sig. F Change

1 445a 0.198 0.192 5.195 0.198 32.518 2 264 0.000

Predictors: (Constant), Counseling, Characteristics
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Table 4. The Coefficient for the relationship between the sustainability of seaweed cultivation, farmer characteristics, and ex-
tension Coefficients.

Model
Unstandardized 
Coefficients

Standardized 
Coefficients t Sig Correlations Collinearity 

Statistics
B Std. Error Beta Zero-order Partial Part Tolerance VIF

(Constant) 21.627 2.158 10.024 0.000

Characteristics 0.271 0.049 0.317 5.508  000 0.385 321  304 0.916 1.092

Extension 0.143 0.035 0.233 4.043 0.000 0.325 241 0.223 0.916 1.092

Dependent Variable: Sustainability

As shown in Table 3, the coefficient of determina-
tion (R²) value is 19.8%. Therefore, the characteristics 
and extension together affect the business sustainabil-
ity variable by 19.8% while the rest (100% − 19.8% = 
80.2%) can be attributed to other variables outside this 
regression equation.

3.1.	The Influence of Farmer Characteristics 
on the Sustainability of Seaweed Busi-
ness

The results showed that the characteristics of sea-
weed farmer and business sustainability had a signifi-
cant positive linear correlation of 0.271 or 27.1% (Ta-
ble 4). This implies that when the characteristic value 
increases by one unit, then business sustainability also 
rises by 0.271, or when the characteristic value by 100 
units sustainability will rise by 27.1 units. The higher 
the characteristics of seaweed farmer, the more poten-
tial for business sustainability.

Success in managing a business depends on the 
ability of farmer as the main workers. With good char-
acteristics, farmer will be able to overcome problems 
faced and take advantage of opportunities to ensure 
sustainable seaweed production. In general, character-
istics refer to traits present in individuals and reflected 
in thoughts, behavior, and actions in the environment. 
The characteristics of farmer examined in this study 
include motivation, rationality, and innovation. Indi-
viduals aged 40–50 years old in the coastal areas of 
Polewali Mandar Regency generally work as seaweed 
farmer. This age range is included in the productive cat-
egory of farmer who quickly receive information and 
are physically strong enough to manage seaweed culti-
vation business. A study by Managanta found that the 

age of farmer has a positive and significant effect on the 
level of productivity and sustainability of the business 
[13]. Arita et al. also explained that younger farmer, de-
spite not having experience are often more motivated 
to quickly and easily accept innovation [14].

Seaweed farmer have formal education ranging 
from Elementary School to Junior High School, Senior 
High School, and Higher Education. Farmer with low 
education often show limited critical thinking and 
knowledge which ultimately affects the production. On 
the other hand, farmer with higher education tend to 
have a more sophisticated way of thinking, with broad-
er insights, which in turn leads to improved knowledge, 
skills, and attitudes. Education reflects the level of abil-
ity to improve knowledge, skills, and attitude changes. 
It is a process of learning to improve the standard of 
living. According to Mardikanto, education is a process 
carried out by individuals in a planned manner to im-
prove knowledge and attitudes. This process helps to 
build insight into objects that ultimately lead to better 
decision-making [15].

Most farmer running their businesses are experi-
enced on average. This can be attributed to hereditary 
inheritance from parents which affects seaweed pro-
duction. A study by Widiyanti and Nabilah, explained 
that the more experience farmer gain in managing their 
businesses, the better the knowledge and the more 
solutions in dealing with problems related to seaweed 
production [16]. The average seaweed farmer in Polewali 
Mandar Regency has 10 years of experience in cultiva-
tion. Previous analyses [16,17], showed that 10 years of 
experience or above in managing a business can help 
farmer become better at sustainable management. An 
experience in cultivation influences the decision-mak-
ing process [18]. The longer a farmer runs a farm, the 
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higher the level of experience [19].
The motivation to manage seaweed business has a 

significant effect on sustainability. Several farmers ex-
plained that the motivation to run a business is to fulfill 
family needs, including living expenses and children’s 
school fees. Seaweed cultivation is perceived by farm-
er as a noble job, presenting an opportunity to become 
entrepreneurs. In addition, the business can absorb 
labor, for both family and neighbors. Barbutto and Bird 
also mentioned that motivation is related to individu-
al needs. However, based on observations in the field, 
seaweed production has fluctuated, and leading to fre-
quent losses which have forced farmer to work double 
jobs [20,21]. 

Rationality has a significant effect on business sus-
tainability. This implies that farmer who think ratio-
nally are more sustainable in managing the cultivation 
business. Rational farmer are critical, can meet needs, 
and dare to take risks. During the interviews, farmer 
stated that seaweed cultivation was not difficult, but 
the fluctuating prices have affected income, leading to 
a reduction in expenses. Basic needs such as food and 
children education cost more compared to buying new 
clothes and vacations. This shows that seaweed farmer 
can meet living needs in various circumstances.

The adoption of innovation has a significant effect 
on business sustainability. Consequently, farmer in 
Polewali Mandar Regency pursue seaweed cultivation 
as their main job. This is evidenced by the number of 
plots owned, reaching at least 300 plots per farmer 
with experience averaging more than 10 years. Sea-
weed farmer prefers to experiment with technology 
first before adoption. For example, many farmer adopt-
ed seaweed drying tool introduced by an extensionist, 
due to ease of use, clear benefits, and visible results. 
According to Van den Ban and Hawkins, farmer are 
quicker to adopt technology that can be tried on a small 
scale [22]. Indraningsih added that factors that influence 
farmer to adopt technology include appropriateness 
and clear benefits [12]. 

As shown in Table 3, R² value of 19.8% implies that 
farmer characteristics explain 19.8% variation in busi-
ness sustainability. The remaining 80.2% is attributed 
to other factors not analyzed in this study. The low val-

ue suggests that the sustainability of seaweed business 
is not optimal. However, when farmer characteristics 
increase, sustainability can be significantly enhanced 
across economic, social, environmental, and human 
resource dimensions. The skills and insights related to 
seaweed cultivation activities can be developed by con-
ducting extension, socialization, and training. According 
to Rusdi et al., the ability and willingness of farmer to 
understand and implement every suggestion conveyed 
by extensionists through mentoring, training, and dis-
cussion will help improve business sustainability [23].

Retang explained that the factors influencing the 
sustainability of seaweed cultivation business include 
(1) characteristics of farmer including education, age, 
and gender, (2) social factors from interactions between 
farmer, villages, government, private parties, and NGOs, 
(3) technical factors affecting the area of land, cultiva-
tion facilities, infrastructure, and smooth cultivation 
information, as well as (4) economic factors reflected in 
the farmer ability to prepare seaweed seeds, the avail-
ability of facilities, market access, and land area [7].

3.2.	The Influence of Extension Activities on 
Business Sustainability

The regression analysis showed that extension and 
business sustainability had a significantly positive and 
linear correlation with a variance of 0.143 or 14.3% 
(Table 4). This implies that a unit rise in extension will 
increase business sustainability by 0.143, or when the 
extension rises by 100 units, sustainability increases by 
14.3 units. In other words, the higher the extension ac-
tivity, the better the business sustainability. Conversely, 
the lower the extension activity, the weaker the busi-
ness sustainability. The influence of extension activities 
carried out by extensionists is reflected in the sustain-
ability of seaweed business. 

Fisheries extensionists have a significant contri-
bution to improving the ability of farmer for sustain-
able cultivation. Extension is a non-formal education 
for farmer and families carried out through a learning 
process to improve expertise, knowledge, and skills. Ac-
cording to Harinta, extension is a face-to-face process 
of transferring information related to the problems ex-
perienced by clients [24]. Extensionists, as educators and 
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motivators should focus on educating farmer to develop 
the cultivation business. Extension indicators consist of 
materials, methods, extensionist abilities, support facil-
ities, and cooperation support.

The results proved that the correlation value of ex-
tension with business sustainability was lower, namely 
0.143 or 14.3% compared to characteristics with busi-
ness sustainability of 0.271 or 27.1% (Table 4). This 
is because seaweed cultivation methods applied by 
farmer are not the same as those conveyed by the ex-
tensionists. The process of learning seaweed cultivation 
is obtained from parents as an hereditary legacy. One 
farmer explained that the extension was effectively car-
ried out at the beginning of seaweed planting following 
the instructions received from extensionists. Moreover, 
there was good interaction between extensionists and 
farmer, with the extensionists acting as mentors. As the 
function of extension weakened, farmer rarely received 
good learning from extensionists. Various problems 
faced include pests, quality, and decreasing production. 
A previous study by Wibowo et al., emphasized that 
good extension services depend on the relevance to the 
client’s needs and the appropriateness of the material, 
methods, extensionist capabilities, supporting facilities, 
and cooperation support [25].

Extension materials have a significant impact on 
business sustainability. These materials must be well 
delivered for easy understanding. Extensionist knowl-
edge of seaweed cultivation techniques is evident when 
answering questions asked by farmer. In addition, ex-
tensionists must have sufficient mastery of the materi-
al when responding to farmer problems. Effendi et al. 
and Rusdy & Sunartomo stated that materials should 
preferably be easy to understand, and adjustable to the 
needs of farmer as well as the conditions of the cultiva-
tion location [26,27]. Extensionists are the parties tasked 
with bridging or connecting farmer with the govern-
ment regarding the needs and complaints [26].

The methods used in extension have a significant 
effect on business sustainability. Extensionists use dis-
cussion methods that can improve farmer knowledge 
and skills for sustainable development and manage-
ment. According to some farmer, the implementation 
of the discussion method is better because it enables 

direct exchange of information between farmer and 
extensionists. This method helps farmer to adopt new 
strategies related to pests and diseases that attack sea-
weed plants as well as climate problems. In addition, 
discussions can be carried out anywhere, both at the 
cultivation location, at home, and at the fish auction. 
Pangaribuan et al. added that discussions comprising 
questions and answers were carried out during the pre-
sentation of material by extensionists [28]. This implies 
that extension and communication were carried out ac-
cording to the expectations of farmer as the target. 

The ability of extensionists significantly influences 
business sustainability. Some farmer express satisfac-
tion with the ability of extensionists as evidenced by at-
tendance. The better the ability of the extensionist, the 
higher the number of farmer who will attend the ex-
tension. Therefore, the ability of farmer has increased 
which has caused improvement in seaweed production. 
Some farmers expressed dissatisfaction with the abili-
ty of extensionists. Based on the results, not all farmer 
participated in the extension. This occurred because 
extensionists from the Marine and Fisheries Service of 
Polewali Mandar Regency had different scientific spec-
ifications from the fisheries business sector managed 
by coastal communities. The activeness of some farmer 
was reduced due to dissatisfaction with extension ser-
vices. Therefore, more competent extensionists with 
clear work rules are needed. It is also important to fos-
ter good cooperation between farmer, and extension-
ists, as well as other institutions to facilitate informa-
tion exchange and sustainability.

Facilities and infrastructure significantly affect 
business sustainability. Based on the results, facilities, 
and infrastructure used by extensionists in extension 
are available and affordable. For example, extension is 
usually carried out in a fish auction site capable of ac-
commodating about 50–60 people with media includ-
ing stationery (notebooks, paper, and pens), and com-
munication tools (cell phones). Extensionists often use 
laptops and projectors to provide information accord-
ing to developments in science and technology.

Cooperation support has a significant impact on 
business sustainability. Seaweed farmer cooperate with 
various parties to provide assistance and information. 
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For example, farmer cooperate with the Fisheries Ser-
vice to assist with production equipment including 
seaweed seeds, ropes, buoys, and drying equipment. 
Farmer are more likely to borrow business capital from 
traders than cooperatives or banks due to the easy pro-
cess and interest-free rate. Cooperation could also be in 
the form of collaborating with universities in seaweed 
processing practices such as making seaweed chips, 
dodol, and jam.

Tuhumury et al. explained that businesses will be 
sustainable with continuous improvements and coop-
eration [29]. Rusdi et al. added that creating regulations 
related to cooperation and seaweed cultivation activi-
ties will help prevent conflicts between farmer capable 
of damaging marine natural resources [23].

According to Amanah in the extension process, 
five elements need to be considered, namely (1) learn-
ing, (2) having subjects, (3) increasing awareness and 
competence of group members, (4) resources, and (5) 
implementing the principle of sustainability from so-
cial and economic elements, as well as the benefits of 
environmental sustainability [30]. Kustiari explained 
that factors influencing the sustainability of farmer 
business include (1) poor extension reflected in the 
low role of extensionists, linear communication, and 
minimal extension, (2) low characteristics of farmer 
including formal and non-formal education levels, (3) 
sub-optimal learning, as evidenced by limited ability 
in using learning materials, access and relationships 
with information sources [31]. Sapar et al. showed ag-
ricultural extensionists play a significant role in the 
sustainability of the cocoa business, as reflected in the 
management ability of farmer, activity in extension and 
farmer groups, product marketing, financial manage-
ment, as well as effective communication and planning 

[32]. According Simamora T’s research, “Improvement of 
Farmers’ Competence and Sustainability of Beef Cattle 
Business in Oebkim Village, Bikomi Selatan District, 
North Central Timor Regency”, the research findings in-
dicate that the factors influencing the sustainability of 
the business, namely the characteristics of the farmers, 
have a greater impact compared to extension and the 
environment, with an R² value of 0.207 or 20.7 percent. 
Meanwhile, 79.3 percent is influenced by other factors 

outside the scope of the research [10].

4.	Conclusion and Suggestion
In conclusion, farmer characteristics have a positive 

and significant effect on business sustainability. Simi-
larly, extension has a positive and significant effect on 
the sustainability of seaweed businesses. For sustain-
able cultivation, the characteristics of farmer, includ-
ing motivation, rationality, and innovation should be 
improved through extension, training, education, and 
access to information. Moreover, extensions should pri-
oritize business sustainability and must be adjusted in 
terms of methods, materials, and media. The regression 
equation showed that the magnitude of the diversity 
was 14.3%. R² value indicated that extension can ex-
plain 14.3% variation in business sustainability while 
85.7% is attributed to other factors not analyzed in this 
study. The intensity of extension and training for sea-
weed farmers needs to be increased, starting from the 
planting process to harvesting. Continuous extension 
will help farmers understand more effective and effi-
cient cultivation techniques, as well as be able to over-
come the challenges faced in the field. The central and 
local governments also play a role by facilitating field 
visits or study tours to other regions that have success-
fully cultivated seaweed. This activity aims to enhance 
the interest, creativity, and knowledge of farmers in de-
veloping their businesses sustainably.

Extension agencies play an important role in sup-
porting the success of seaweed cultivation. Therefore, 
increasing the intensity of extension services should be 
accompanied by the use of relevant methods that align 
with the needs and developments of field conditions. 
Appropriate methods will be more easily accepted and 
implemented by farmers. As the spearhead in knowl-
edge transfer, the quality of extension workers must be 
continuously improved. This can be achieved by equip-
ping extension workers with comprehensive knowl-
edge and technical skills related to agriculture and sea-
weed cultivation. Thus, extension agencies can become 
strategic partners in promoting the productivity and 
welfare of seaweed farmers.
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