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Abstract. Kappaphycus alvarezii (Doty), a red seaweed, is the most widely cultivated
commodity in Indonesia. However, there is a decline in the cultivation production in the last
three years. One way to overcome this problem is by improving the quality of seedlings through
a development of farming. Efforts made from these are to develop farming techniques using
different planting distances (PD) treatments. This study aimed to determine the effect of
different PD on growth and carrageenan yield of K. alvarezii using seedlings produced from
mass selection combined with tissue-cultured method. This research was conducted in Marobo
coastal waters, Bone District, Muna Regency, SE Sulawesi, Indonesia. This study used a
Completely Randomized Design (CRD) with three treatments based on different PD and five
replications. The treatments were A: 10 cm PD, B: 15 cm PD, and C: 20 cm PD. The results
show that the daily growth rate (DGR) of all treatments tended not to differ significantly. For
10 cm PD, the DGR tended to be higher and significantly different from the other two
treatments, 15 cm and 20 cm. DGR averagely were 6.00+1.19%/day, 5.36+1.17%/day, and
5.27+1.62%/day for 10, 15, and 20 cm PD, respectively. The ratio of fresh weight (FW) and dry
weight (DW) showed no significant differences among treatments. Ratio of FW:DW treatments
of 10 cm, 15 cm, and 20 cm were 8.34:1, 9.58:1, and 8.98:1, respectively. For carrageenan yield,
the treatment of 20 cm PD showed highest yield and it was significantly different from other
treatments. Seaweed diseases and epiphytes found during this study were ice-ice and epiphytes
(Sargassum polychystum).
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1. Introduction

Seaweed, K. alvarezii, is an economically important commodity in Indonesia, especially in Southeast
(SE) Sulawesi. This seaweed is widely cultivated because of its ease in cultivating a plant with relatively
low cost required [1], short period of cultivation and broad market share with a large volume of needs
[2]. Seaweed production in Indonesia has decreased in the last 3 years. In 2015, seaweed production
reached 11.27 million tons, but in 2016 and 2017, it was 11.05 million ton and 10.81 million ton,
respectively [3]. Therefore, necessary action needs to be taken so that the production can increase again.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1



The 3rd EIW IOP Publishing
TIOP Conf. Series: Earth and Environmental Science 278 (2019) 012027  doi:10.1088/1755-1315/278/1/012027

One solution that can be done is by improving seedlings quality. Generally, many farmers use seedlings
repeatedly [2], as a result, it reduces the daily growth rate (DGR) of cultivated seaweed.

Mass selection combined with tissue-cultured is one method to support the production of qualified
seedlings throughout Indonesia. This method is a new method and has firstly introduced and developed
since 2013 [4]. The combination of these two methods have produced seedlings which morphologically
different from tissue-cultured seedlings and commonly called by local farmers as “Prof” (figure 1).
Main thalli of the seedling from tissue-cultured method are longer than Prof. Despite the irregular
branching patterns, Prof tend to exhibit higher branching frequency than tissue-cultured seedlings.

Figure 1. K. alvarezii seedlings from tissue-cultured methods (left) and from mass selection combined
with tissue-cultured methods as called by local farmers as “Prof ” (right).

Previous research showed that DGR tissue-cultured K. alvarezii seedlings cultivated in the waters of
Bungin Permai coastal waters, Konawe Selatan District, Southeast Sulawesi Province in 2017 for 35
days was 4.6+0.66%/day [2]. On the other hand, for getting better result during cultivation period, the
seedling should be cultivated using suitable planting distance (PD). PD is one of the technical factors
that can affect the growth of seaweed because of its relationship with nutrient absorption. Research on
the effect of different PD on growth and carrageenan yield of K. alvarezii seaweed using seedlings
produced from mass selection combined with tissue-cultured method are still limited. Therefore, the
purpose of this study was to determine the effect of different PD on growth and carrageenan yield of
seaweed K. alvarezii as result of mass selection combined with tissue-cultured.

2. Materials and Methods

This research was conducted from August to October 2018. Field activities were done at Marobo coastal
waters, Muna Regency, South East Sulawesi (5°8°9.06™ S and 122°18°48.47” E) and continued with the
analysis of carrageenan yield in the laboratory of the Faculty of Fisheries and Marine Sciences of Halu
Oleo University, Kendari.

2.1. Seedling preparation

The seedlings used in this study were a continuation from previous study using the combination of mass
selection and tissue-cultured methods. Mass selection was undertaken in 2013 for nine months.
Seedlings from the mass selection had DGR >3.00 %/d. Selected seedlings produced from mass
selection were then brought to SEAMEO-BIOTROP Laboratory, Bogor in 2014. In the laboratory, all
the seedlings were proceeded to produce new plantlets through tissue-culture method. After they
attained plantlets (2-3 mm long) in the laboratory, they were sent to Kendari, South East Sulawesi for
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further field cultivation at an experimental farm in Bungin Permai, South Konawe, South East Sulawesi,
Indonesia, since 2016 [5]. K. alvarezii seaweed seedlings were collected from seaweed seedlings
produced from combination of mass selection combined with tissue-cultured method called “Prof’ by
local farmers. The seedlings were out planted to an experimental seaweed farm located in Koepisino
coastal waters, North Buton regency, SE Sulawesi. The seedlings were then transported by a ship to the
farm site at Marobo coastal waters, Muna regency.

2.2. Planting of seaweed seedlings

a. Seaweed seedlings were cut from the rope and the early seaweed thalli were collected.

b. The collected seedlings were then weighed with initial fresh weight of (W,) 10g.

c. Seaweed thalli of each seedlings were bound on the prepared rope with a 10 cm, 15 cm, and 20 cm
PD for each treatment.

d. After the seaweed seedlings were tied, seaweed were soaked in order to prevent from dehydration

e. Seaweed seedlings were planted using long line method

2.3. Growing of the seedlings

Seedlings were grown for 45 days. During the growing period, the seedlings were cleaned from dirt and
attached epiphytes on seaweed. Water quality parameters such as temperature and salinity were
measured every 3 days while current velocity, nitrate (NO3), phosphate (PO4), and turbidity were
measured every 9 days.

2.4. Experimental design
This study used a completely randomized design (CRD) with three treatments and five replications. The
treatments were A: 10 cm PD, B: 15 cm PD, and C: 20 cm PD.

2.5. Parameters observed

The parameters observed during the study were:

a. The daily growth rate (DGR) of seaweed cultivated for 45 days was calculated using the formula
recommended by [6]: DGR (%)= [(W/W)1/t- 1] x100%
where W is the initial fresh weight, and W is the final fresh weight of the seedlings after t days of
culture.

b. Ratio of fresh weight to dry weight (FW:DW). In the laboratory, cleaning of harvested was done by
removing sand and dirt, and by handpicking other organisms. All harvested seaweed of each
treatment was weighed as fresh dried (g) and after dried using hanging method for 2-3 days final
dried weight (g) was recorded for each sample. Ratio of fresh weight to dry weight was then
calculated for all the samples. Data were expressed as mean = SD for all the harvested seaweed [7].

c. Epiphytes and disease found during culture period were also recorded.

2.6 Analysis of carrageenan yield

Five grams of dried seaweed was prepared then washed with fresh water. After that, the seaweeds were
soaked with distilled water (aquadest) for 12 hours followed by sterilization on an autoclave for 30
minutes at 121°C. It was then smoothed the size in a blender. After filtered by using filters, the samples
were precipitated with 100 ml of Isopropanol and then dried in the oven for 24 hours, and then finally
we analyzed the carrageenan yield. The product of semi refined carrageenan (SRC) was then dried in
sunlight and the weight was recorded and expressed as percentage (%) of the dry weight. Triplicate
samples were analyzed for each harvested sample of all growth periods. Data are expressed as mean +
SD for all the harvests of the treatments.

2.7. Data analysis
Data were analysed using ANOVA. If the analysis showed significant effect then was continued with
Tukey test with a 95% confidence level.
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3. Results and Discussion

3.1. Daily growth rate (DGR)
In general, daily growth rate (DGR) of all treatments tended not to differ significantly (Tukey test; p>
0.05; figure 2 and table 1).
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Figure 2. DGR of K. alvarezii seaweed seedlings of Prof cultivated using different planting distance
(PD) =4=PD 10 cm -#=PD 15cm PD 20 cm

Mean DGRs obtained in the present study was 6.00+1.19%/day for 10 cm PD, 5.36+1.17%/day for a
15 cm PD, and 5.27+1.62%/day for a 20 cm PD. The range of DGR for 10 cm PD was 3.95+0.37%/day
— 8.75+1.13%/day, while for the 15 cm PD and 20 cm PD were 4.05+0.39%/day — 7.00+0.22%/day,
and 4.24+1.16%/day — 7.31+0.4%/day, respectively. The mean DGRs obtained in this study was
significantly higher than those of internationally recommended for commercial DGR (3.50%).

Table 1. Daily Growth rate (DGR) of K. alvarezii seaweed seedlings of Prof cultivated using different
planting distances (PD).

Days  Planting distance (cm) DGR (%/Day) + SDV Tukey test p-value
1 2

10 6.21+1.32 6.21° 0.089

9 15 4.39+1.38 4.39° 0.120
20 4.24+1.16 4.242 0.983

18 10 8.75+1.13 8.75° 0.021
15 7.00+0.22 7.00° 0.006

20 7.31+0.40 7.31° 0.782

27 10 6.17+0.37 6.17° 0.977
15 6.12+0.45 6.12° 0.652

20 5.86+0.41 5.86° 0.445

36 10 3.95+0.37 3.96° 0.089
15 4.05+0.39 4.052 0.920

20 4.56+0.46 4.562 0.169

45 10 5.27+0.29 5.542 0.005
15 5.70+0.22 4,05 0.000

20 5.70+0.28 4.56° 0.141

*values represent means for three replicates in each column, values followed by different letters are significantly

different at p < 0.05

DGR from all treatments ranged from 5.27 — 6.00%/day (above 3%). This DGR showed seaweed
produced from Prof seedlings had higher growth and very suitable to be cultivated by seaweed farmers.
In addition, this DGR was higher than DGR of using seedlings from local strains found in several
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countries, such as: in Vietnam DGR ranges from 3.5 — 4.6%/day [8]; India DGR 3.76+0.07 and
3.69+0.11% [9]; and Madagascar DGR 5.46+0.09%/day [10]. Meanwhile, when compared with DGR
of seedlings from tissue-cultured seedling, the DGR from this study was comparable to the previous
studies reported by different researchers elsewhere such as: in Malaysia DGR 6.3+0.1%/day [11];
Philippines DGR 5.8 — 7.2%/day [12]; Indonesia DGR 4.6%/day [4] 3.91+0.52% /day [13]. DGR from
this study is also comparable to DGR from seedlings of Prof obtained by [14] who found the DGR of
6.27+0.31%/day. Therefore, although 10 cm PD tended to be not significantly different from the other
two treatments, this treatment is very suitable and more efficient for cultivating the seaweed in terms of
water column use. This planting distance (10 cm) is more efficient to be applied in seaweed farming in
terms of space between seedlings in a rope because more seedlings could be planted than those of 15
and 20 cm PD.

3.2. Ratio of fresh weight and dry weight (FW:DW)

The ratio of fresh weight and dry weight (FW:DW) showed no significant differences among treatments
(Tukey test; p> 0.05; table 2). The ratio of FW:DW of 10 cm, 15 cm, and 20 cm PD were 8.34: 1, 9.58:
1, and 8.98: 1, respectively (table 2).

Table 2. Ratio of fresh weight and dry weight (FW:DW) of K. alvarezii seaweed seedlings of Prof
cultivated using different planting distances (PD).

Planting Wo W, FW:DW Tukey p-value
distance (cm) ratio test
Initial Fresh Weight (g)  Dry Weight (g)
Weight (g)
1 2 3 4 5 6
10 10 113.00+13.62 14.00£3.24 8.84:1 8.342 0.078
15 10 101.00+9.24 11.00+1.14  9.58:1 9.58? 0.492
20 10 121.00+14.25 14.00£2.00 8.98:1 8.98? 0.452
Mean 112.00+12.37 13.00£1.09 8.97:1

*values represent means for three replicates in each column, values followed by different letters are
significantly different at p < 0.05

The ratio of (FW:DW) obtained in this study tended to be proportional to the ratio (FW:DW) obtained
in India at 9.89+0.13 [7]. This ratio, moreover, supports 10 cm PD as a better standard for applying
space use between seedlings in a rope because more seedlings could be planted than those of 15 and 20
cm PD.

3.3 Carrageenan yield

Seedlings planted using 20 cm PD produced the highest yield of carrageenan and significantly different
from the other two treatments (10 cm and 15 cm PD) (Tukey test; p<0.05; table 3 and figure 3).
Carrageenan yield of 20 cm PD had carrageenan was 43.37 + 1.67 % followed by 15 cm PD (37.60 £
1.34%) and 10 cm PD (34.94 + 3.26%)).

Table 3. Carrageenan Yield of K. alvarezii seaweed seedlings of Prof cultivated using
different planting distances (PD).

Planting Distance (cm) Tukey Test and STDEV p-value
1 2
10 34.94+3.26° 0.000
15 37.60+1.34° 0.192
20 43.37+ 1.67° 0.004

*values represent means for three replicates in each column, values followed by different
letters are significantly different at p < 0.05
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Figure 3. Carrageenan yield of of K. alvarezii seaweed seedlings of Prof cultivated using different
planting distances (PD). ®JT.10ecm OJT. 15cm BIT. 20 em

The carrageenan yield produced in this study fulfills internationally defined specifications (minimum
27%) [15]. This is in line with findings of [16, 17] that carrageenan yield are very diverse due to
extraction methods and ecological factors, such as light, nutrition, temperature and water content when
drying. The carrageenan yield produced tended to be proportional to the carrageenan yield produced in
Bengal India, which are 33.33+1.12% and 30.36+1.00% [17]. Harvest age and water quality determine
the growth of seaweed and can affect the yields of seaweed carrageenan.

3.4 Epiphyte and "lce-ice" disease

Seaweed pests and diseases found during this study were epiphyte and ice-ice attached to seaweed
during culture period (figure 4). Epiphyte species that found attach to seaweed thalli was Sargassum
polychystum (figure 4 A). Epiphytes were found to be attached to seaweed on the 18th day of culture
period, while ice-ice disease was found on the 36th day of culture period (figure 4B).

' - " A
A k!\) o

Figure 4. Epiphytes and diseases found during the study. A) S. polychystum; B) lce-ice disease on
seaweed Prof.

Epiphytes that grow on seaweed ropes can indirectly affect the growth of seaweed due to competition
in getting sunlight for photosynthesis. This epiphyte is a competitor for seaweed growth because it is a
competitor for seaweed growth. This is in accordance with the statement of [18], which states that
epiphytes are one of the factors that affect the growth of seaweed and as a competitor in absorbing
nutrients for growth. As a competitor, this epiphyte is also one of the initial causes of infection with the
bacteria that causes "ice-ice" disease. "Ice-ice" is usually characterized by white color on the thalli. This
disease can result in a serious problems to decrease biomass and carrageenan yield [19, 20]. Epiphytic
outbreak occurred in August to October is common phenomenom [19, 20]. Seasonality in epiphytic
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infections has been observed in other areas and is often associated with changes in salinity or high
temperatures [19,21].

3.5 Water Quality Parameters

The range of water quality measured during this study was 29-31°C for temperature, salinity of 30-35
ppt, nitrates of 0.65-3.36 mg/L, phosphate of 0.03-0.043 mg/L, turbidity of 0.11 to 2.12 of NTU, current
velocity of 0.26-0.51 m/s. All parameters were in normal range for supporting growth of the seaweed
in Marobo coastal waters except turbidity which was higher than normal range [22].

4. Conclusion

All treatments tended to show no significant differences on daily growth rate and ratio of fresh weight
and dried weight except carrageenan yield. However, to get a high production, 10 cm planting distance
was very suitable and more efficient to be used in order to cultivate the seaweed K. alvarezii produced
from mass selection combined with tissue-cultured method (Prof) in terms of distance between
seedlings planted in a rope.

Acknowledgements

The second to three authors (L.O.M.A., W. I, and A.B.P) want to thank for the support obtained from
Ministry of Research, Technology and Higher Education of the Republic of Indonesia (Kemenristek -
Dikti) of the research scheme of Penelitian Unggulan Strategis Nasional (Pusnas) under grant No.
478/UN29.20/PPM/2018 and SP DIPA-042.06.1.401516/2018. We would also like to thank Prof. Sena
S. de Silva from School of Life & Environmental Sciences, Deakin University, Australia, for his
valuable comments and suggestion on this paper, Prof. La Sara, Dr. Agus Kurnia PhD, and Dr. Wellem
H. Muskita from Halu Oleo University for their facilities and encouragement. Thanks are also addressed
to Mr. Idul Male for assisting the autors in preparing this manuscript and Mr. Armin, Ms Asma and Ms.
Erika for helping in field and laboratory works.

References

[1] Aslan L O M, Hafid H, Supendy R, Taridala S A A, Sifatu W O, Sailan Z and Niampe, L 2018
Income of Seaweed Farming Households: A Case Study From Lemo of Indonesia IOP Conf.
Series: Earth and Environmental Science 175 012221

[2] AslanL O M, Iba W, Bolu L R, Ingram B A, Gooley G Jand Silva S S D 2015 Mariculture in SE
Sulawesi Indonesia: Culture Practices and The Socioeconomic Aspects of The Major
Commodities Ocean & Coastal Management 116 44 - 57

[3] Ministry of Marine Affairs and Fisheries of the Republic of Indonesia/KKP-RI,
2018 Statistics of Aquaculture of Indonesia (Jakarta: General Directorate of Aquaculture)

[4] Rama, Aslan L O M, Iba W, Rahman A, Armin and Yusnaeni 2018 Seaweed cultivation of
micropropagated seaweed (Kappaphycus alvarezii) in Bungin Permai Coastal Waters, Tinanggea
SubDistrict, South Konawe Regency, South East Sulawesi I0OP Conf. Series: Earth and
Environmental Science 175

[5] AslanL O M, Iba W, Patadjai A B and Rahim M 2018 Pengembangan kawasan desa rumput laut
Kappaphycus alvarezii hasil kultur jaringan dalam mendukung peningkatan pendapatan
masyarakat pesisir di Sulawesi Tenggara [Laporan Penelitian Unggulan Strategis Nasional]
(Kendari: Halu Oleo University)

[6] Yong Y S, Yong W T L, Thien V Y, Ng S N and Anton 2013 Analysis of formulae for
determination of seaweed growth rate J. Appl. Phycol. 25 1831-1824

[7] Periyasami C, Subba Rao P V and Anantharaman P 2019 Harvest optimization to assess
sustainable  growth and carrageenan  yield of  cultivated Kappaphycus
alvarezii (Doty) Doty in Indian waters J. Appl. Phycol. 31 587-597

[8] Hung D L, Kanji H, H Q Nang and T Kha L T Hoa 2009 seasonal changes in growth rate,
carrageenan yield and lectin content in the red alga Kappaphycus alvarezii cultivated in Camranh
Bay, Vietnam J. Appl. Phycol. 21 265-272

7



The 3rd EIW IOP Publishing

TIOP Conf. Series: Earth and Environmental Science 278 (2019) 012027  doi:10.1088/1755-1315/278/1/012027

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Periyasamy C, Anantharaman P, Balasubramanian T and Subba Rao P V 2014 Seasonal variation
in growth and carrageenan yield in cultivated Kappaphycus alvarezii (Doty) Doty on the coastal
waters of Ramanathapuram district, Tamil Nadu J. Appl. Phycol. 26 803-810

Ateweberhan M, Rougier A and Rakotomahazo C 2014 Influence of environmental factors and
farming technique on growth and health of farmed Kappaphycus alvarezii (cottonii) in south-
west Madagascar J. Appl. Phycol. 27 923-934

Yong W T L, ChinJ Y Y and Yasir S 2014 Evaluation of growth rate and semi-refined
carrageenan properties of tissue-cultured Kappaphycus alvarezii (Rhodophyta, Gigartinales)
Phycol. Res. 62 316-321

Hurtado A Q, Gerung G S, Yasir S and Critchley A T 2014 Cultivation of tropical red seaweeds
in the BIMP-EAGA region. J. Appl. Phycol. 26 707-718

Febriyanti F 2018 Budidaya rumput laut Kappaphycus alvarezii (Doty) Doty ex silva
(Rhodophyta, Solieriaceae) menggunakan bibit hasil kultur jaringan di Desa Bungin Permai
Kecamatan Tinanggea Sulawesi Tenggara [Laporan Praktikum lapangan] (Kendari: Halu Oleo
University)

Goa S 2018 Budidaya rumput laut Kappaphycus alvarezii (Doty) Doty ex silva (Soliericeae,
Gigartinales, Rhodophyta) menggunakan bibit hasil seleksi klon yang telah di kultur jaringankan
di Perairan Desa Bungin Permai Kecamatan Tinanggea Kabupaten Konawe Selatan Sulawesi
Tenggara [Laporan Praktikum lapangan] (Kendari: Halu Oleo University)

Periyasami C, Subba Rao P V and Anantharaman 2015 Spatial and Temporal Variation in
Carrageenan Yield and Gel Strength of Cultivated Kappaphycus alvarezii (Doty) Doty in
Relation to Environmental Parameters in Palk Bay Waters, Tamil Nadu, Southeast coast of India.
J. Appl. Phycol.

Hayashi L, Paula E J D, and Chow F 2007 Growth rate and carrageenan analyses in four strains
of Kappaphycus alvarezii (Rhodophyta, Gigartinales) farmed in the subtropical waters of Sao
Paulo state, Brazil J. Appl. Phycol. 19 505-511

Periyasami C and Subba Rao P V 2017 Growth rate and carrageenan yield of cultivated
Kappaphycus alvarezii (Doty) Doty in the coastal waters of Bay of Bengal at Chepala
Timmapuram, Andhra Pradesh, East coast of India J. Appl. Phycol. 29 1977-1987

Largo D B 2006 Diseases in cultivated in the Philippines: Is it an issue among Seaweed Industry
Players. Advances in Seaweed Cultivation and Utilisation In Asia. Phang, Critchley & Ang eds.
Proc. of a workshop held in conjuction with the 7th Asian Fisheries Forum, Penang, Malaysia,
December 2004 University of Malaysia Research Centre

Vairappan C S 2006 Seasonal occurrences of epiphytic algae on the commercially cultivated red
alga Kappaphycus alvarezii (Solieriaceae, Gigartinales, Rhodophyta) J. Appl. Phycol 18 611-617
Hurtado A Q, Critchley A T, Trespoey A and Bleicher L G 2006 Occurrence of Polysiphonia
epiphytes in Kappaphycus farms at Calaguas Is., Camarines Norte, Phillippines. J. Appl. Phycol.
18 301-306

Hayashi L, Hurtado A Q, Msuya FE, Bleicher-Lhonneur G and Critchley A T 2010 A review of
Kappaphycus farming: prospects and constraints In J. Seckbach, R. Einav, & A. Israel (Eds.),
Seaweeds and their Role in Globally Changing Environments (Dordrecht: Springer Netherlands)
Radiarta | Y, Ardi | and Kristanto A H 2013 Aplikasi analisis spasial dan statistik multivariat
terhadap kondisi kualitas Perairan di Selat Alas, Kabupaten Sumbawa, Nusa Tenggara Timur:
Aspek penting pengembangan budidaya rumput Laut J. Ris. Akuakultur 8 159-171



