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Abstract. Seaweed is one of Indonesia’s fishery commodities with great potential to be cultivated, the condition of seaweed
produced in Indonesia is not optimal yet. This can be seen from the low productivity of seaweed in Indonesia which is caused
by the low growth rate. The growth rate of seaweed can be supported by proper planting techniques and cultivation methods.
Seaweed farmers generally use planting techniques and traditional cultivation methods called the monoculture system, which
is planting one type of plant in an area. As the cultivation systems developed, a new cultivation system was found that supports
increased growth of seaweed, namely the co-cultivation. This system is sustainable and environmentally friendly which
combines species from various trophic in one system. This research was conducted for 6 weeks from December 2019 to
January 2020 in the coastal area of Pandawa Beach, Bali. The data was analysed in Completely Randomized design with three
treatments and three replications. The monoculture cultivation system which contain 100 gr of seaweed in a bag was treated
as control and co-culture systems were added with 10 and 30 individuals of abalones. The results showed that the growth rate
pattern as a measure of weight increased during the time of study. The weight of seaweed was highest in co-cultured treatment
with 10 individual abalones. The highest specific growth rate of seaweed occurred in the co-culture system up to 4%/day
compared to the monoculture cultivation system only 3.4%/day.

Keywords: monoculture; co-culture; Eucheuma cottonii; abalone

I. INTRODUCTION of seaweed with various abalone densities can increase the

Seaweed is one of Indonesia's fishery commodities that seaweed production. Seaweed has a role as a waste bio-
has great potential for cultivation with relatively simple filter from feces and leftover feed that is not consumed by
cultivation technology and small capital required. abalone and can be used as a source of nutrients for the
growth of seaweed, but abalone is also consume seaweed
[4]. The positive effects of seaweed as a bio-filter and the
availability of nutrients by abalone on seaweed may
increase the production of seaweed, therefore this study
was important to be conducted.

However, the condition of seaweed production in
Indonesia is still far from optimum, as the production of
Indonesian seaweed is still low. The low productivity of
seaweed in Indonesia is thought caused by the low growth
rate of seaweed [1].

The growth rate of seaweed can be supported by proper
planting techniques and cultivation methods. Seaweed
farmers generally use a traditional cultivation method Experimental set up
called the monoculture system. The monoculture system is This
a cultivation system by planting one type of plant in one
area, but it has a disadvantage that the plants are relatively
susceptible to pests and diseases [2]. Increasing knowledge
of the seaweed cultivation system, it has been found that
co-culture cultivation system can increase growth of

Il. METHODS

experiment was designed in Completely
Randomized Design Method. The monoculture cultivation
system experiment (treatment A) was carried out without
abalone, whereas the co-culture system experiment was
carried out with 2 treatments using 10 abalone (treatment
B) and 30 abalone (treatment C) with 3 repetitions for each

seaweed, in which this system combines species from
different trophic in the same system, and is
environmentally friendly [3].

Application of Eucheuma cottonii seaweed cultivation
with a monoculture and co-culture integrated system with
Haliotis squamata abalone in the coastal water of Pandawa
beach was investigate with the hypothesis that co-cultured

treatment.

Materials

The materials used in this study were E. cottonni
seaweed seeds, H. squamata abalone seeds, and water
samples from Pandawa Beach. The tools used in the study
consisted of tools for measuring water quality and
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measuring the growth of seaweed and abalone, such as
refractometer (ATAGO), secchi disk (Mona Instrument),
drifter buoy, pH meter (ATC), thermometer (TPM-10
Thermometer), DO meter (DO Smart Sensor AR8210),
spectrophotometer  (Visible  Spectrophotometer 721
3501020 nm), digital scales (SF-400), plastic baskets,
ropes, iron stakes, nets, meters, and stationery.
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Figure 1. Map of Research Location

Selection of seeds

E. cottonii seaweed seeds used were obtained from
Serangan Beach, Bali with the weight of 100 grams for
each sample treatment. H. squamata abalone seeds used in
the co-culture system obtained from the Center for Marine
Cultivation Research and Extension, Gondol (BBRBLPP),
with a shell length about 4 cm and a width of 3 cm, Total
of abalone seeds used in the co-culture system was 120
abalone seeds.

Planting Stage

Seaweed cultivation uses the off-bottom method where
the monoculture system was used as a control,
unintegrated with abalone, whereas in co-culture
construction, seaweed cultivation was integrated with
abalone. The rope used were 3 meters long. Ropes were
stretched parallel, tied to two iron stakes embedded in the
seabed. Range between the planting point of seaweed
seeds and the planting point of other seaweed seeds in the
rope is about 20 cm. All treatments used 2 stretch ropes,
each containing 5 seaweed planting seeds. The range
between the seabed and the rope that used for planting
seaweed was about 30 cm. In the co-culture system, the
abalone was placed and maintained in a plastic basket with
a size of 43 cmx 30 cm x 15 cm.

Water Quality Measurement

Data retrieval of water quality was carried out once a
week during the study. The physical and chemical
parameters measured are temperature, salinity, water
brightness, ocean currents, dissolved oxygen, acidity,
nitrate and phosphate. Measurement of temperature,
salinity, water brightness, ocean currents, DO, and acidity
were measured in situ and the nitrate and phosphate were

carried out to the Laboratory of Aquatic Resources
Management, Udayana University for the analysis.
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Figure 2. Illustration of Seaweed Cultivation Experiment
Design

Data Analysis

The data was analyzed in One Way Anova test
followed by Duncan's advanced test using if the result
found differences among treatments, in the Statistical
Package for The Social Sciences (SPSS) software with a
confidence level of 95% (o = 0.05). From the value of the
growth rate, it can be seen that the cultivation system can
increase the productivity of more effective seaweed
cultivation. The specific growth rate was calculated using
a formula [5] described below:

SGR=""""—""2x100%

Noted: SGR is specific growth rate of E. cottonii (%/day),
Wt is the final weight of the seaweed (gr), Wo is
the beginning weight of seaweed (gr), t is time.

The survival rate of abalone H. squamata [6] was
calculated using a formula describe below:

SR = x100%
No

Noted: SR is survival rate of abalone H. squamata, Nt is
total abalones at the end, No is total abalone at the
beginning.

I11. RESULT AND DISCUSSION

Seaweed Growth

The increase weight of seaweed each week tends to
have the same growth pattern in each treatment. In
treatment A, the weight of seaweed increased in the range
of 24-86 grams/week from the first through the 6" week of
treatments. The weight of seaweed in treatment B
increased in the range of 27-88 grams/week, from the first
week through the 6" week, while in treatment C, the
weight of seaweed increased between 32-122 grams/week.
The increase weight of the three treatments in the first
week through the 3 week were lower than that of in 4%
week to 6™ week. This is suspected due to the first week
through the 3", seaweed have first phase called adaptation
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phase (lag phase) where there is an adjustment of the cell
to the new environment. The study by Eismaputeri et al.
[7], found that the first week and the 3 week were the
phase lag in which the growth of seaweed is slow because
cells were adapted physiologically, causing slow
metabolism for the growth.

The weight of the three treatments from the 4" week
through 5™ week continues to increase. This is suspected
that seaweed due to the 4™ week through 5" week goes
through the adaptation phase well and enters the
exponential phase, which at this time the seaweed is in
optimal conditions for growth, also the absorption of
nutrients in the waters very well, along that the increase
weight of seaweed occurs quickly and optimal. The study
by Richmond [8], the protein content in cells at an
exponential phase is very high, so that the macro algae
conditions are in optimal conditions. In this phase, macro
algae require more nutrients and are more sensitive to
environmental conditions.

The increase weight of 6™ week have acceleration
decrease which was not too significant between the three
treatments when compared to the previous week This is
suspected that of the 6" week, the seaweed into the
stationary phase, where seaweed has passed the
exponential phase well, seen from the growing number of
talus which is getting bigger, lush, and heaped each other
between the thallus, that there is competition for nutrient
absorption and sunlight, effect in the rate of seaweed
weight become slowing down and decreasing. Another
factor that slows growth is the number of macro epiphytes
such as Ulva sp. and Hypnea sp. and pieces of seagrass that
get stuck to the protective nets and ropes, causing high
competition between the talus and macro epiphytes and
seagrass pieces for nutrient absorption. The study by
Sabarno et al. [9], along with the increasing age of
maintenance of seaweed causing competition in obtaining
nutrients and absorption of sunlight as food intake, effect
in the rate of seaweed weight become slowing down and
decreasing.

The growth rate of seaweed in monoculture systems is
lower than in co-culture systems. This is suspected due to
monoculture cultivation system of seaweed is cultivated
independently without being integrated with other trophic
uses abalone, causing the absorption of nutrients is only
small and limited compared to the co-culture system. The
higher growth in the co-culture cultivation system is due to
seaweed acts as a bio-filter that can take advantage of
waste products in the form of feces and food scraps from
abalone in the form of CO-2, inorganic nutrients in the
form of ammonium (NH4), and phosphate which will be
used in the photosynthesis process. In the presence of
organic material and supports the process of
photosynthesis, it will support the growth process of
seaweed to be even greater. Study by Sukti et al [9],
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seaweed as a bio-filter can also reduce excess nutrients
which is not utilized properly in the water that the aquatic
ecosystem remains balanced.
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Figure 3. The Growth Pattern of Seaweed between
Treatments

Specific Growth Rate (SGR)

The increase weight of the seaweed planted for 42 days
resulted from a specific growth rate (SGR) in treatment A
was 3.42%/day, treatment B was 3.63%/day, and treatment
C was 4%/day. The percentage of SGR in treatments A, B,
and C increased with a value of SGR above 3%. Study by
Sulistiani and AY Samsul [11], that a seaweed cultivation
activity is categorized as good and profitable if daily
growth rate above 3%. This is suspected that parameters of
the quality of Pandawa coastal waters support for seaweed
cultivation activities. Study by Peruzzi and Oliveira [12],
that seaweed usually has a high growth rate when are in a
nutrient-rich environment to fulfil the growth supply.
Study by Yuniarsih et al. [13], that the ability of seaweed
to absorb nitrate and phosphate nutrients can be used as an
indicator the development of seaweed cultivation based on
co-culture support of the marine culture which is oriented
towards increasing production (biomass).
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Figure 4. Seaweed Growth Rate between Treatments

The One Way Anova test results on the specific growth
of seaweed between treatments showed that the significant
value was 0.001 (p < 0.05), which means that different
treatments which are monoculture and co-culture causes a
difference in the growth rate of seaweed.

Survival Rate of Abalone H. Squamata

The highest survival value of H. squamata abalone
occurred in treatment C using 30 abalone with an average
survival rate of 96.7%, while the survival rate in treatment
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B using 10 abalone is lower with an average survival rate
of 80%. The decrease in the survival rate of H. squamata
abalone during the research was thought to fluctuations in
water conditions. There was a significant decrease in the
DO value of the waters at 4™ week, also value of the degree
of acidity (pH) decrease of the waters outside of the
optimum range of abalone life causes abalones stress also
death. Study by Susanto et al [14] states that abalone can
be easily stressed to cause death due to the influence of
environmental fluctuations such as temperature, oxygen
content, and ammonia.
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Figure 6. Survival Rate of Abalone H. Squamata.

Water Quality Parameter

The measured water quality parameters are at the
optimal level for seaweed cultivation also for the survival
of abalone, because based on the measurement results,
water quality in Pandawa’s coastal water according to the
standard of water quality feasibility.

Measurement results per week Standart
Parameter = Averages T
0 1 2 3 4 5 6 Deviation
Temg‘g‘me 29 31 30 30 20 28 29 2928 LIl
Depth{om) 66 158 80 152 62 156 128 11171 4693
Oceancurentt 40 017 01 016 008 0.17 003 01l 005
(ms)
Disolyed 55 706 69 85 44 51 406 593 16
Oxygen (ppm)
Salinity (ppf) ~ 29.5 313 303 30 306 284 31 3015 098
Acidity 73 74 7 72 68 1 71 12 0,26
Nitrate (mg/L) 137 2.15 196 1,8 034
Phosphate
0.10 022 125 052 063
(mg/L)

Table 1. Water Quality Parameters

IV. CONCLUSION

Monoculture and co-culture methods have different
effects on the growth rate of seaweed. The highest growth
occurred in seaweed with a co-culture system of up to 4%
when compared to seaweed cultivated in monoculture
which is only 3.4% with the survival rate of H. squamata
abalone when integrated with E. cottonii have a high
survival rate of around 80-96.7%.
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