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Abstract

Indonesia is one of the major countries in the world that produces
seaweed. West Nusa Tenggara has become one of the centers of seaweed
producers in Indonesia because it has many bays that are used for seaweed
cultivation activities. The problem of seaweed aquabusiness_Ts<the low
productivity of the production unit managed by seaweed fa; is
study aimed to assess the effectiveness and production level of seaweed
cultivation| technol and the success of seaweed cultivation by seaweed
farmers in on technological dimensions (17 attributes) and
economics (14 attributes). The Rapsewaqua Application is used to analyze
the sustainability status of seaweed cultivation. Based on the results of the
analysis, the index value was 50.08 for the technology dimension and 39.50
for the economic dimension. The result showed that the sustainability of
seaweed in Ekas Bay was in the less sustainable category. Spacing between
seed clumps, drying area, seedling binding location, and warehouse wer
the most sensitive attributes on| the technological dimension. Market
market scale, and target mark e most sensitive attributes in the
economic dimension. These sensitive attributes need to be improved to
support the sustainability of seaweed in Ekas Bay.
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1. Introduction

Seaweed plays an ecological role in coastal
habitats; it assists in supplying oxygen and absorbing
COs to and from the sea, becoming one of the prima-
ry producers and competitors in the marine food chain,
being used as bio-indicators for heavy metal pollution,
and inhibit eutrophication (Chen, 2019). The bioactive
compounds in seaweed may be applied in a processed or
isolated form in food additives (Radulovich er al.,2015)
and pharmaceuticals (Yang ef al.. 2015). Some species
of seaweed may also contain other chemicals and mac-
rochemicals to be used in chemical production (Bikker
et al., 2016) or animal feed (Makkar ef al., 2016). Sea-
weeds are also used to produce fertilizer, biofuel, and
derivative products (Kim er al., 2017). Seaweed is a
source of multipurpose natural resources and providing
millions of dollars to the world’s economy (Andrade ez
al., 2020). The important application of seaweed is for
production of alginate and carrageenan used in multiple
food and non-food products (Van den Burg ez al., 2021).

Seaweed cultivation is a type of aquaculture
that have the opportunity to be developed in the terri-
torial waters (Tumiwa er al., 2017). Seaweed cultiva-
tion can grow close to the sea, using resources from the
sea like seawater (Van den Burg ef al., 2021). Seaweed
cultivation is widely developed around the world (An-
drade er al., 2020) and has significantly grown rapidly
since the early 20™ century due to the continuously ris-
ing demand for food and industry (Yang er /., 2015). A
rise in demand of seaweed products followed with the
rising price of seaweed have continued to increase the
number and acreage of seaweed cultivation (Nurvadi ez
al., 2017). In 2016, the world production of seaweed
from aquaculture equaled approximately 30 million
tonnes, with a value of USS 11.6, with the majority pro-
duced in China, Indonesia, Philippines and Korea (Van
den Burg ef al., 2021). Seaweeds are valued as food in
many parts of Asia and in western countries (Kim er al..
2017). About 75 - 85% of worldwide seaweed produc-
tion is used for direct human consumption in Asia (Van
den Burg er al., 2021). Seaweed has become one of
the main fishery commodities in Indonesia because In-
donesia has a tropical climate that is very suitable for
the growth of various types of seaweed (Arthatiani er
al., 2021}, so seaweed farming is very beneficial (Suly-
styaningsih er al., 2018). One of the seaweed-producing
areas in Indonesia is West Nusa Tenggara (Cokrowati ez
al., 2019; Muahiddah and Sulystyaningsih, 2021) and
the red algae Kappaphycus is one of the seaweed type
that are widely cultivated there (Kim er al.. 2017).
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Seaweed aquaculture plays a role in climate
change adaptation by damping wave energy, which pro-
tects the shores, enhancing pH, and supplying oxygen
to the water, thereby locally minimizing the effects of
ocean acidification and deoxygenation (Aleman e al..
2019). The aquaculture industry can help to overcome
global challenges such as human health, agriculture,
coastal issues management and allow to a sustainable
circular bioeconomy and blue growth (Barbier er al..
2020). Seaweed farming raises cash income for individ-
uals, families, and villages, often with minimal impact
on the environment (Swanepoel er al., 2020). There-
fore, seaweed utilization can be a profitable business
and provide better income opportunities for the coastal
communities (Limi ef al., 2018).

The problem of seaweed aquabusiness e
low productivity of the production unit managed by
seaweed farmers. This condition occurs due to the qual-
ity of the waters and the oceanographicﬁ)nditions of
the waters as well as the disease and/or the quality of
the seaweed seeds themselves. The quality of seaweed
is an important indicator affecting the export market. It
is influenced by three basic factors such as cultivation,
harvesting period, and drying process, but there are oth-
er influential factors affecting its quality: the difference
in cultivation place, quality seed selection, and supply
(Darmawan er al., 2020). Diseases also become a prob-
lem in seaweed farming. The most common disease of
the Euchemoidﬁ)p. is called “ice-ice” because of the
appearance of white segments on the thalli, causing
them to break (Kim er al., 2017). The solidity of laver
red rot and ‘chytrid” diseases, caused by oomycete pq-
tho gens\ﬁlp idiopsi s}acp hy acnd Pyhi um?mrphya
has beem increasing as a result of farming witensifi-
cation. A huge degradation in production has also been
seen in many carrageenophytes (Kappaphycus) farm-
ing countries (Loureiro er al., 2015). The rapid deve=
lopment ofmariculture has resulted in an increasing
release of nitrogen (N) and phosphorus (P) into the
surrounding ecosystems. This organic pollutants may
lead to various hazardous effects to local environments,
such as eutrophication, anoxia, loss of biodiversity,
and coastal-water pollution (Yang ef al., 2015). The
massive seaweed farming might also encourage
turbidity and sedimentation (Van den Burger al.
2021).

Damelia and Soesilowati (2016) have shortlist-
ed a few issues and challenges in the seaweed farmi-
ng industry: (1) unavailability of good quality 'seedling’,
(2) pollution in production areas, (3) occurrence of 'ice-
ice' and epiphytes, (4) shortage of raw materials,
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Figure 1. Resea.rcl1 site at Ekas Bay, East Lombok, West Nusa Tenggara

(5) lack of capital to venture into the industry, (6)
prolonged processing time in borrowing from financing
institutions, (7) poor crop management, and (8) lack of
funding. Lunkapis and Danny (2016) concerned about
some issues of seaweed plantation such as plantation
plots/output, new technology, market issues, and under
standing local condition. Another factor that causes the
low productivity of seaweed production units is the
choice of technology. Them\d various cultivation me-

Copyright ©2022 Faculty of Fisheries and Marine Universitas Airlangga

thods,\such as the fixed, off-bottom line method, the
floating raft method and basket method. The steps in the
farming include site selection, selection of cultivation
methodology, farm maintenance, and harvesting and
drying (Kim er al., 2017). The current onshore and off-
shore cultivation systems are not yet environmentally
sustainable, and they are economically unstable, be-
cause the production fluctuates very rapidly, due to the
impact of abiotic and biotic factors (Garcia-Poza er al .
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gJZ(J). The people in Ekas Bay who carry out seaweed
cultivation activities have not implemented pmpe:l cul-
tivation Stsgdards or proper and correct methods of! ssa-
weed cultivation. They have not been able to provide
superior seeds and cultivation methods, as well as culti™~
vation Teshnology and post-harvest handling. Eggertsen
and Halling (2021) suggested that the low-technique
farming methods and low investment cost have caused
the low productivity of seaweed production.

The sustainability of seaweed cultivation is
affected by multidimensional factors such as the qual-
ity of the aquatic environment, cultivation technology,
economic contribution to farmers, social conditions of
the community, and government institutional support
(Laapo et al., 2021). However, the farmers at Ekas Bay
have not implemented proper cultivation standards for
seaweed cultivation. They have not been able to provide
superior seeds and cultivation methods, as well as cu]ti\
vutionMnolugy and post-harvest handling. The prob-
lems faced by seaweed farmers in Ekas Bay need to be
solved in order to increase the productivity of seaweed
cultivation. This study aims to assess/evaluate the ef-
fectiveness and production level of seaweed Cu]tivatinj
technology and the success of seaweed cultivation b
seaweed farmers in Ekas Bay based on two dimensions,
i.e. economic and technological. Each dimension has
attributes related to sustainability of seaweed farming
in Ekas Bay.

2. Materials and Methods

2.1 Location and Time of Research

This research was conducted in Ekas Bay,
anbnkkm.t, vaincei of NTB (Figure 1), from March
to November 2021.

2.2 Data Collection

Datare Sotlected using a survey method with
observation and Materview techniques. Interviews were
conducted to collect data relating to aspects of the eco-
nomic amd technological dimensions. Forty seaweed
farmers were interviewed through guestionnaires. The
type of data collected to answer the research objectives
is based on dimensions that are proxied into several fac-
tors that affect the sustainability of seaweed cultivation.

2.3 Method

The research object is seaweed cultivators and
fishery product collectors. The research approach is ho-
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listic ind the research method is a dependent descriptive
survey. Data collection techniques consist of sampling,
dialogue, observation, and documentation.

2.4 Data Analysis

Quantitative data analysis used the Rapid Ap-
praisal Yoz_Seaweed Aquabusimss\(ﬂapsewuqua)\p—
plication for model testing, sustainabi]iq%nalysis n
sensitivity analysis. In this study, a study of two di-
mensions Wil be carried out, namely the technological
dimension-(17 attributes) (Table 1) and the economic
dimension (14 attributes) (Table 2). The results of thj
analysis are used to determine the value of sustainabl
management and the sensitive attributes of each dimen-
sion in formulating a seaweed aquabusiness age-
ment strategy.

Determination of the value of the sustainability
index is based on the assessment criteria scores: unsus-
tainable Sriteria (bad) if the index value lies between
— 23%, less sustainable if the index value lies between
26 — 50%, quite sustainable if the value the index lies
between 51 — 75%, and good if the index value is\{d—
tween 76< 100% (Table 3) (Irfan er al., 2020).

Leverage analysis and Monte Carlo analysis
are used to see which attributes are most sensitive to
their sustainability status. Monte Carlo analysis is used
to analyze the error value in the estimated ordination of
seaweed cultivation and leverage analysis is used for
the most influential attributes. Stresq value is the stan-
dard deviation value, it is accepted 'if the-value < 25
(Irfan ez al., 2020).

3. Results and Discussion
3.1 Results
3.1.1 Technological dimension

Based on the results of the| analysis, the index
value of the sustainability level of keaweed cultivation
is 50.08 (Figure 2). The value lies between 26 and 50,
which indicates lesq sustainable index. This value in-
dicates thag the techhological conditions in these water
areas do-not support the management of seaweed culti~™~.
vation. Fhis condition needs serious attention in man-
agemmt@)mve sustainability status.

Based on the results of the analysis of leverage
on 17 attributes of the technological dimension for sea-
weed cultivation, four attributes obtained are sensitive
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Table 1. Management attributes for technological dimension

No. Attribute Bad Good Index Value
I Water depth 0 2 <50m; 1 =50m:2=>50m
2 Harvest age 0 2 ﬁ: 35 -40 days; 1 =>40 — <45 days; 2 =45 — 60 days
3 Length of ris rope 0 2 <25m;1=25-50m;2=>50— 100 m
4 Float of fastening ris 0 2 < 600 ml; 1 =600 ml; 2 =>600 ml
5 Anchor material 0 3 sand sack; | =iron; 2 = stone; 3= beton ™.
6 Anchor weight 4] 2 0= <50 kg/pes; 1 =50 kg/pes; 2 =>50 kg/pes
7 Dot rope 0 1 <l0&>15mm;1=10-15mm
8  Material of dot rope 0 2 except PE & Rafia;\b: PE.2= Rafia ™.
9  Diameter of main|rope 0 2 <10 mm; 1 = 10 ma; 2 =>10 mm
10 Space between seed clumps 0 2 <20&>30cm; 1=20-25¢cm;2=25-30cm
11 Weight of seed clumps 0 2 0= <40 g/clump; 1 =40 — 50 g/clump; 2 = >50 — 100

g/clump

12 Seedling binding sitey 0 ﬁ 0= sea; | =boat; 2 = land

13 Type|of seed binding 0 1 not a ribbon knot; 1 = a ribbon knot

14 Space between main rope 0 ﬁ 0=<10m; 1=10m;2=>10m

15  Cleaning frequency 0 2 0 =1 time/season; | = 2 times/season; 2 = 3 times/
season

16 Drying place 0 ﬁ 0 = not available; 1 = sand: 2 = terpal. 3= para-para

17 Warehouse 0 2 0 = not available; 1 = warehouse without receipt sys-

tem; 2 = warehouse with receipll system
1

Table 2. Management attributes for economici dimension

No. Attribute Bad Good Index Value

1 Production unit ownership 0 3 0 =Rent; | =Pawn; 2 =KS0; 3 = Owner

2 Fund source 0 3 0 =Loan; 1 = Family; 2 = Together; 3 = personal

3 Business scale 0 3 0 = Micro; 1 = Small; 2 = Middle; 3 = Large

4 Business license 0 4 0 =None; | = UD/Personal; 2 = Union; 3 = CV/Komandite;
4 = PT/Persero

5 Price trend 0 4 0 = Sharply decreased; 1 = Decreased; 2 = Constant; 3 =
Increased; 4 = Sharply increased

6 Consumer type 0 4 0 = Household; 1 = Peddler; 2 = Collector; 3 = Inter seluler
trader ; 4 = exporter

7 Market status 0 2 0 =Online market; 1 = Online & offline market; 2 = Offline
market

8  Market target 0 3 0 =Local; 1 = District; 2 = Province; 3 = Expor

9  Market system 0 2 0 = Oligopsoni; 1 = Sale; 2 = Oligopoly

10 Market type 0 1 0 = Public market; 1 = Exclusive market

11 Market scale 0 3 0 = Traditional; 1 = Modern; 2 = Supermarket; 3 = Hygiene
market

12 R/C ratio 0 2 0=R/C<10;1=R/C=1.0;2=R/C>10

13 Farmer income 0 0 =<UMR; 1 = UMR; 2 =>UMR

14 Business profit transfer 0 2 0 = Bigger out; | = Balanced; 2 = Bigger in

Copyright ©2022 Faculty of Fisheries and Marine Universitas Airlangga November 2022 373
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to the level of sustainability of the technological dimen™ also helps preventing large fluctuation of water salinity

sion, namely 1) distance between seed clumps (RMS —
3.51); 2) drying area (RMS — 3.22): 3) seedling binding
sites (RMS --3.16); 4) warehouse (RMS — 3.13) (Figure
3),

Table 3. Category status of the seaweed aquaculture
sustainable mﬂnﬂgemenli

Index Category
0-25 Bad

26 -50 Less
51-75 Enough
76 - 100 Good

3.1.2 Economic dimension

Based on the results of the analysis, the index
value of the sustainability level of seaweed cultivation
is 39.50 (Figure 4). The value lies between 26 and 50,
which indicates leser:stainable index. This value indi-
cates that the econotnic conditions in these water areas
do not support the management of seaweed cultivation.
This condition needs serious attention in management
to improve sustainability status.

Based on the results of the analysis of leverage
on 14 attributes of the economic dimension for seaweed
cultivation, 3 (three) attributes obtained are sensitive to
the level of sustainability of the economic dimension,
namely 1) market status (RMS — 6.11); 2) market scale
(RMS — 5.83); 3) market target (RMS — 5.22) (Figure
5).

3.2 Discussion
Changes to this leverage factor will easily affect

the value of the sustainability index in each dimension.
Therefore, leverage analysis is used as one| of the im}-

portant%guts in carrying out strategic steps'toward the.

sustainability of the seaweed cultivation business.

Based on the technological dimension, distanc™™.

ing between seed clumps is the main factor in support-
ing the continuity of seaweed cultivation. Planting dis-
tances are too far will result in waste in land use.
However, if the spacing is too close, it will inhibit the
growth of seaweed because there is competition for
nutrients. Spacing between seed clumps affects water
flow; optimized water flow will help avoid accumu-
lation ofdirt around the thallus. This in turn provides
the much needed aeration for phomsynthesi1 process. It
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and temperature, ultimately supporting the growth of
the seaweed. Research by Wijayanto er al. (2020) stated
that planting additional seaweed biomass by shorten-
ing plant spacing (from 30 cm to 25 cm) has also been
shown to increase profits and RC ratio. Planting addi-
tional Seaweed biomass has a significant contribution i
the success of the seaweed cultivation business. Wit
the cost of seeds reaching more than 90% of the total
cost per cycle, seaweed farmers anticipate using part of
their crops as seeds.

The second factor that affects the sustainability
of seaweed cultivation is the drying area. Seaweeds are
sold in different forms, such as raw products (dried or
salted), condiments, and mashed algae. However, these
seaweed products have a perishable nature similar to
other seafood (Sanchez-Garcia er al., 2021). The major-
ity of farmers still prefer using low technologies and
cheaper conventional methods of drying the harvested
seaweeds (i.e. hanging, platform|, shade “sau-
na-like method,” ete.). However) these methods pose
serious problems for carrageenophyte quality (Ali er al..
2017). Therefore, the drying process is very important
to maintain the quality of seaweed products. Drying fa-

cilities e, very important to consider. The availabili™~,

ty of standardized drying facilities will ensure that the
quality of dried seaweed products remains good, clean,
and the water content is up to standard. The application
of the cultivation method will produce good quality sea-
weed products according to market standards. However,
Zamroni ef al. (2018) stated that post-harvest handling,
such as low availability of drying facilities, was due to
the lack of financial capacity to invest in equipment that
supports the seaweed drying process.

Seaweed warehouses also greatly affect the sus-
tainability dfseaweed cultivation. Warehouses for dri-
ed seaweed need to be dry, have good air circulation,
and the floor is covered with boards as a base to avoid
direct contact with the floor; keeping the seaweed dry.

SBEFOtho el (2020) said that storing in the on-farm
warehouses is a critical post-harvest handling stage in
seaweed farming. The decrease in quality of seaweed is
attributed to poor existing facilities, such as warehou-
ses not equipped with light and rain protection, which
makes the average humidity high.

Drying area and warehouse in post-harvest
handling are very important to support the quality of
seaweed. Purnomo ef al. (2020) revealed that there are
three factors in the post-harvest handling stage were
identified as affecting the quality of Indonesian sea
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Figure 3. Changing valuei of RMS for all technological
attribute

weed, namely the drying, cleaning and storing methods.
Aliet al. (2017) explained that the quantity and quality
of carrageenan derived from seaweed depends on the
post-handling treatment and management from the har-
vested seaweeds.

High production costs and low product prices at
harvest are still a problem for farmers. One way to over-
come this is to implement a warechouse receipt system.
The application of this system can help farmers maintain
the quality of seaweed in the event of delays in prod-
uct marketing due to bad weather or market prices that
tend to fall. Edi er al. (2019) said that Implementation

Copyright ©2022 Faculty of Fisheries and Marine Universitas Airlangga
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Figure 5. Changing valut1 of RMS for all economic at-

tribute

of Waxehousj receipt system (WRS) can be increased
by expanding WRS information and communication to
seaweed farmers, financial institutions, local govern-
ment, industry and traders. A business model of seaweec1
'WRS scheme that can integrate stakeholders is needed.
So, the warehouse receipt system procedure can act as
ar1 alternative financing for seaweed farming operations.

Market status affects the sustainability of sea-
weed cultivation. Market status includes virtual mar-
kets, real markets, and a combination of the two. Along
with the rapid advancement of technology, it has encour—~.,
aged the1 creation of a virtual market that facilitates the
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buying and selling process that can be done anywhere

Technological and economic aspects in the sea

and anytime. Selling online provides several advan-—~ weed cultivation process need to be increased so tha

tﬂges,\mmely small capital, can be done anytime and
anywhiere, and easy to reach a wide target market. By
increasing the ability to use technology, it will support
the increase in scale and target market. However, this
must be accompaniell by @n increase in product quality
in order to attract buyers. Product quality improvement
can be done by product diversification. As suggested by
Suryawati and Ma’ruf (2018), processed seaweed such
as carrageenan is much higher in quality than dried sea-
weed.

Institutionalism in the field of seaweed culti~~

vation Tery important because it can facilitate farmer
to obtain information in marketing seaweed products.
Seaweed cultivation can run well if there is a clear mar-
ket availability. The marketing aspect is important be-
cause it will affect the price formation of a commodity.
It is undeniable that the price of Indonesian seaweed
is highly affected by the dynamics of the global mar-
ket Pl 2020). The marketing of seaweed
products is still rid! with various problems, such as
weak bargaining position of farmers, so that the price of
seaweed is decided more by traders without involving
farmers as the producers (Tumiwa et al., 2017).

The level of farmer'd income is_influenced by

the selling price and the amott of produetion ( T~

seaweed production does not decrease, which wil
affect the welfare of seaweed farmer’s lives (Rimme
e al.. 2021). One approach that can be used is th
Kaizen approach that is used to compose strategie
to improve production and product quality, decreas
operational costs and waste, and improve jo
security (Pumomo er al.. 2021). Arranging trainin
and assistance are also needed for practicing th
latest technological innovations (Tahang er al., 2019).

4. Conclusion

The results of the RupsewaquaMysis showed
that the index value of the technological and economic
dimensions of seaweed cultivation in Ekas Bay lied be-
tween 26and 50 which indicated ]esj sustainable index.
There are several attributes that affedt the sustainability
of seaweed cultivation in Ekas Bay, namely the distance
between seed clumps, drying places, seedling binding
locations, and warehouses (technology dimension),
market status, market scale, and target market (econom-"~.
ic dimension). The sustainability status of seaweed cul-
tivation imEkas Bay will increase if efforts are made
to improve these attributes. Seaweed| farmer also need
assistance in practicing the latest technological innm'a(\

tions, ™~

wati et al., J(D(I)Llf the seaweed selling pricj;mm farm- chmowledgment

ers is too low, the profit margin becomes veky small. In
order to minimize expenditure, the| farmers implement
only a minimum treatment in thi ivation, harvesting
and post-harvest handling. and es@%&:mm—
ically affect the quality Purmomo o/ (2020). The sea-
weed farmers carry out the seaweed farming as boun-
tiful%lz]e to obtain a high production number and
to obl asonable price. Thereby. they could earn
sufficient income to meet their families’ needs and for
the additional capital by adding the number of stretch
lines (Limi er al., 2018).

Traders are important in the seaweed industry
but their profitability varies because some are local-lev-
el traders who sell to larger traders or processors and the
others operate regionally to repack seaweed and resell
it to exporters or processors (Nuryartono ef al.. 2021).
The selling price of seaweed accepted by farmers de-
pends Omthe price decided by the traders at the farmer
level. Farmers do not have access to information on the
market price of seaweed (Edi er al.. 2019). As the com-
modities traded in international markets, the prices in
farm-level depend on the volatility (Limi er /., 2018).
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