Journal of Natural Resources and Environmental Management ﬂ
http://dx.doi.org/10.29244/jpsl|.15.4.699

RESEARCH ARTICLE OPEN~ ACCESS M) Check for updates

Impact of Land Use on Oceanography Parameters and Quality of Seaweed
Kappaphycus alvarezii in Coastal Waters of South Sulawesi, Indonesia

Muhammad Farid Samawi®?, Mahatma Lanuru®®, Fajriansyah Nadir?, Andi Asriadi Pratama?, Indra Kurniawan?

aStudy Program of Environmetal Management, Graduate School, University of Hasanuddin, Tamalanrea, 90245, Indonesia
b Department of Marine Science, Faculty of Marine Sciences and Fisheries, University of Hasanuddin, Tamalanrea, 90245, Indonesia

Article History

Received ABSTRACT

30 November 2023

Revised 19 April 2024 This paper provides information on the influence of land use in South Sulawesi on the load of nitrate

Accepted 12 July 2024 and phosphate nutrients in the water and its impact on the quality of Kappaphycus alvarezii
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suspended solid (TSS). The quality of seaweed observed was chlorophyll-a, carrageenan content,

water content, and ash content in seaweed reared in coastal waters. The research results show that
land use is related to the amount of nutrient load; in the Sajoanging location, where agricultural
land use is dominant, it produces high nitrate and phosphate loads, while in other locations, it is
relatively lower. This nutrient content influences oceanographic conditions and the quality of
cultivated Kappaphycus alvarezii.

Introduction

Population growth in an area is generally in line with increased development activities. However, this
development process often has a negative impact on the environment, especially through excessive
exploitation of natural resources. One of the impacts is the increasingly complex change in land use over
time, which has the potential to result in land conversion and decreased environmental quality. These
changes can directly or indirectly affect the ecological system, especially in coastal areas, through increased
air pollution. Uncontrolled land use can cause pollutants to enter the air, such as nutrients [1] and heavy
metals [2], which then have an impact on coastal aquatic ecosystems. Based on data from South Sulawesi
Statistics in 2018, land use in this area is dominated by plantation, agricultural, residential, and forest
activities. These activities, especially those that occur in river basins, contribute greatly to increasing nutrient
loads in rivers, which then flow into coastal areas.

One of the main economic activities of the coastal communities of South Sulawesi is the cultivation of
seaweed Kappaphycus alvarezii, which contributes almost 30% to global aquaculture production [3].
Seaweed cultivation is highly dependent on air quality, especially since cultivation systems such as the long-
line method do not involve external nutrient addition [4]. Therefore, the supply of nutrients from land
through rivers is very important for the success of this cultivation. Increased concentrations of nutrients such
as nitrate and phosphate in waters can affect seaweed growth, both positively and negatively, depending on
the concentration and ratio of these elements [5]. In addition, poor water quality also has the potential to
increase epiphyte growth [6], which can interfere with seaweed growth. Other oceanographic factors such
as suspended solids and air current speed also affect cultivation conditions. This is very important because
the quality of carrageenan produced from K. alvarezii is highly dependent on the environmental conditions
where the seaweed grows [7,8]. The physicochemical properties of carrageenan, which is a raw material in
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various food and non-food industries, are influenced by the biological structure of the organism and the
quality of the cultivation waters [9].

Although numerous studies have explored the relationship between land use and air quality, as well as the
impact of air quality on seaweed cultivation, there remain limited studies that specifically integrate these
three aspects within the context of tropical coastal ecosystems, particularly in Indonesia. There are not many
quantitative studies on changes in land use in the watershed area with coastal oceanographic parameters
and the biological and chemical quality of cultivated Kappaphycus alvarezii. This study aims to fill this gap by
analyzing the relationship between changes in land use, coastal water quality, and the quality of seaweed
cultivation in South Sulawesi.

Materials and Methods

Study Area

This research was conducted in three regencies in South Sulawesi, each of which is a seaweed-producing
area. These locations are Marang in Pangkep Regency (04°42’9.3”; 119°30°28.5”), Sanrobone in Takalar
Regency (05°27°32.4”; 119°23’23.6”), and Sajoanging in Wajo Regency (04°00'7.6”; 119021’29”). The
sampling points are showed in Figure 1.
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Figure 1. Site location.

Data Collection

The study analyzed the characteristics and area of land use at each location using ArcGIS and then presented
them in the form of maps and tables of land use area. Sampling of seawater was performed using the
Kemmerer Water Sampler with nine replications at each observation location. The seawater sample is put
into a sample bottle and brought to the laboratory for analysis of oceanographic parameters for nitrate and
phosphate nutrients, total suspended solids (TSS), used the APHA guidelines [10]. Oceanographic parameters,
including temperature, salinity, and pH, were measured directly in the coastal waters at nine sampling points.
Determination of the nutrient load originating from land via rivers to seawater was measured in triplicate in
each river estuary by multiplying the river discharge (m3/sec) by the nutrient concentration and TSS (mg/L).
River discharge (Q) was measured using equation 1 and 2 [11]. Then, nutrients and TSS load is calculated
using equation 3 with modification [12].
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Q=VxA (1)

where: Q = River discharge (m3/s); V = River flow velocity (m/s); A = River cross-sectional area (m?2).

A=WxD (2)
where: W = River width (m); D = river depth (m),

S=CxQ (3)
where:

S = Nutrient and TSS load from one river (mg/m?3/s)
C = Nutrient and TSS concentration at river estuaries (mg/L)
Q = River discharge (m3/s)

The seaweed cultivation method applied in this research is the long-line method, which provides good growth
of Kappapicus alvarezii seaweed [13]. The observed Seaweed quality parameters included chlorophyll-a
content, which was analyzed in a previous study [14]. Carrageenan extraction. To obtain Kappaphycus
alvarezii carrageenan, it was extracted using distilled water at 60 °C for 4 h with stirring. The product was
filtered and precipitated in 85% isopropanol with a 0.2% KCI solution. The coagulum was then dried in an
oven at 60 °C for 12 hours. The final carrageenan was refined to 250 um [15]. After extraction to determine
the carrageenan content, the equation 4 and 5 were used [16]. The equation used to calculate the ash content
and water content of carrageenan is expressed in equation 6.
12.7 x AB — 2.69 x AC

Chlorophyll-a (ug/g) = T 1000KW xV (4)

where:
AB = Absorbance of wavelength A663
AC = Absorbance wavelength A645

\Y = Volume of solvent (mL)
a = Length of the cuvette path (1 cm)
W = Weight of seaweed thallus (g)
Carrageenan content = V‘ﬂ/—; x 100% (5)
where:

Wc = weight of extracted carrageenan (g)

Wm = weight of dried seaweed (g)
(Final weight of yield)

Ash content / water content = x 100% (6)

(Initial weight of initial yield)
Data Analysis

Landuse analysis using Arc GIS and presented in map form. Differences in the quantity of seaweed
carrageenan content at each research location were analyzed using the analysis of variance test. The quality
of the carrageenan obtained was compared with the FAO standard [17], which ranged from 11 to 40%.
Meanwhile, oceanographic parameters that characterize each observation station were analyzed using
Principal Component Analysis (PCA).

Results

Land Use Area

The results of the classification of land use maps at the three observation locations were used to obtain the
characteristics of land use, as shown in Figure 2. In the location of Marang District, the largest land use
characteristic is fishponds, followed by shrubs and agriculture, while in Sanrobone District the largest use is
agricultural land, fishponds, pastures, and settlements. In Sajoanging District, land use includes agricultural
land, ponds, shrubs, and pastures. The areas of land use that influenced the nutrient loads are shown in Table
1.
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Figure 2. Land use at three observation locations.

I5TI00

00"

42307

This journal is © Samawi et al. 2025

JPSL, 15(4) | 702



The results of the analysis using Arch GIS of the area of each land use are shown in Table 1. Land use for rice
fields accounts for the largest portion at each location, followed by land use for shrimp and milkfish ponds.
In Sajoanging District, both land uses account for the largest share compared to other locations. This
condition influences the amount of nutrient loading and suspended solids in the water (Table 2).

Table 1. Area of land use base on figure 2.

Area (Ha)
Land Use

Marang Sanrobone  Sajoanging
Mangrove Forest 17.12 0.002 398.27
Forest 1,360.01 - -
Plantation 1,946.18 5.57 -
Vacant Land 343.94 47.98 221.45
Settlement 172.29 62.40 182.88
Swamp - - 4.71
Rice field 1,221.59 902.44 8,318.52
Shrubs 2.85 34.74 3,016.52
River 51.96 40.97 142.20
Pond 3,671.40 393.71 4,201.81
Moor/Field 773.21 182.10 1,014.24
Total 9,560.56 1,669.95 17,500.60

Nutrient and TSS Load from River to Seaweed Cultivation Area

Based on the results of measurements of river flow velocity and the concentrations of nitrate and phosphate
nutrients and TSS in three locations using Equations 1, 2, and 3, the nutrient load is shown in Table 2. The
Ceppie River, located in Sajoanging District, produces the highest nutrient and TSS loads of any location. The
inputs are nitrate at 1,446.78 m3/year, phosphate at 158.7335 m3/year, and TSS at 3,817,764.58 m3/year.

Table 2. Results of the average nutrient and TSS load measurements at each source in the three locations.

Concentration of materials

Rate river River River Materials load (m3/year)
Sources current wide depth (mg/L)

(m/s) (m) (m) NO; PO,  TSS NOs PO, TSS
Limbangan River  0.082 94.86 1.5 0.029 0.013 30.46 120.57 53.8406  44,667.83
Takalar River 0.048 92.42 3 0.026 0.016 53.57 124.01 74.5092 139,044.78
Ceppie River 0.046 62.32 3.1 0.460 0.050 121.41 1,446.78 158.7335 3,817,764.58

Parameters of Oceanography at The Location of Seaweed Cultivation

The results of measuring oceanographic parameters of the coastal waters at locations affected by land use
are presented in Table 3. The oceanographic parameters that showed differences were nitrate, phosphate,
and TSS values. In the waters of Sajoanging District, these three parameters showed the highest values. These
parameters influence the quality of cultivated seaweed.

The results of the variance analysis test of the Nitrate, Phosphate, and TSS variables at the three observation locations
are shown in Table 4. The analysis shows that there are significant differences of nitrate, phosphate and TSS at the
three seaweed cultivation locations (P < 0.05). For nitrate, the F-value is 30.417 with a Sig. of 0.000, indicating a strong
difference in nitrate concentrations between the sites. Phosphate also shows a significant difference with an F-value
of 7.776 and a Sig. of 0.002. Similarly, TSS has an F-value of 8.397 and a Sig. of 0.002, confirming significant variation
across the locations.
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Table 3. Parameter oceanography coastal waters in three location observations.

Location
Parameter

Marang Sanrobone Sajoanging
Temperature (°C) 32.5+0.6 34.89+2.0 29.98+1.0
Salinity (ppt) 31+3.7 33.9+0.6 31.8+1.5
Current flow (m/s) 0.082+0.045 0.048+0.024 0.093 +0.012
pH 8.07+0.017 8.01+0.03 8.03£0.038
NOs (mg/L) 0.029 £0.014 0.026 £0.011 0.46+0.023
PO, (mg/L) 0.013+0.009 0.016+0.012 0.050.036
TSS (mg/L) 27.98 +4.62 39.75+8.84  74.58+42.29

Table 4. Test results of analysis of variance for the variables of nitrate, phosphate and TSS at 3 observation
locations.

Variables Sum of squares df Mean square F Sig.
Nitrate Between Groups 1.120 2 0.560 30.417 0.000
Within Groups 0.442 24 0.018
Total 1.562 26
Phosphate  Between Groups 0.008 2 0.004 7.776 0.002
Within Groups 0.012 24 0.000
Total 0.020 26
TSS Between Groups 10,570.977 2 5,285.489 8.397  0.002
Within Groups 15,106.137 24 629.422
Total 25,677.114 26

Quality of Seaweed Kappaphycus alvarezii

The results of the analysis of Kappaphycus alvarezii seaweed, including chlorophyll-a content, carrageenan
content, moisture content, and ash content using Equation 4, 5, 6 from the three cultivation location (Figure
3 and 4). There are differences in chlorophyll-a concentrations in seaweed cultivated at different cultivation
locations. The highest concentrations were found in Sajoanging District and the lowest in Marang District.
This impacts the growth and quality of the cultivated seaweed. The quality of seaweed cultivated at the three
locations showed the highest amount of carrageenan was found at the Sajoanging District location (Figure 4).

The results of the analysis of variance test for chlorophyll-a, carrageenan, water, and ash content showed
differences between locations (p < 0.05) (Table 5). The results of the analysis of variance test for chlorophyll-
a, carrageenan, water, and ash content showed significant differences between the three observation
locations (p < 0.05) (Table 5). These findings suggest that the quality of Kappaphycus alvarezii varies according
to the cultivation site, which may be influenced by differences in land use and the size of the surrounding
area. The chlorophyll-a content showed a significant difference with an F-value of 14.534 (p = 0.005), while
carrageenan content had an even stronger variation across sites (F = 23.882, p = 0.001). Water and ash
contents also differed significantly, with F-values of 50.694 (p = 0.000) and 19.279 (p = 0.002), respectively.
These variations reflect how local environmental conditions directly impact the biochemical composition and
overall quality of seaweed.
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Figure 3. Chlorophyll-a content of seaweed Kappaphycus alvarezii from the three locations.
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Tabel 5. Test results of analysis of variance variable chlorophyll-a, carrageenan, water content, and ash content of

Kappaphycus alvarezii at three observation locations.

Variables Sum of squares df Mean square F Sig.
Chlorophyll-a Content  Between Groups 0.048 2 0.024 14.534 0.005
Within Groups 0.010 6 0.002
Total 0.058 8
Carrageenan Content Between Groups 179.657 2 89.828 23.882 0.001
Within Groups 22.568 6 3.761
Total 202.225 8
Water Content Between Groups 97.119 2 48.560 50.694 0.000
Within Groups 5.747 6 0.958
Total 102.866 8
Ash Content Between Groups 246.698 2 123.349 19.279 0.002
Within Groups 38.388 6 6.398
Total 285.087 8

Oceanographic Parameters That Characterize Observation Locations

The results of the PCA show the parameters that characterize oceanography at three locations (Figure 5). PCA results
showed that the waters of Sajoanging District with the best seaweed quality were characterized by relatively high
nitrate, phosphate, and TSS levels, as well as currents compared to other locations. These parameters are location
characteristics that influence the quality of cultivated seaweed.
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Figure 5. Characteristic parameters of oceanographic at the three observation locations.
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Discussion

Based on Figure 2 and Table 1, the land use in the three locations was dominated by agricultural use and
shrimp ponds. The largest use for agriculture is in the Sajoanging area, namely 8,318.52 ha, followed by
Marang with 1,221.59 ha and Sanrobone with 902.44 ha. The highest land use for shrimp ponds is in the
Sajoanging area (4,201.81 ha), followed by Marang (3,671.40 ha) and Sanrobone (393.71 ha). The sources of
nutrients and suspended solids in river flow originate from agricultural and aquaculture activities. The use of
fertilizers in agricultural activities contributes to nutrient accumulation through runoff and irrigation
channels. Meanwhile, in aquaculture, the use of feed results in leftover organic waste entering the water and
decomposing into nutrients and suspended solids. The amount of nutrients entering the water is thought to
originate from land use activities for agriculture that use fertilizers [18].

Nitrate and phosphate nutrients and TSS loads to coastal waters are highest in the Sajoanging area, Wajo
Regency, while low nutrient loads are observed in the Marang area, Pangkep Regency. This nutrient load is
in accordance with the extensive use of land for agriculture, especially in the Sajoanging area. Rainwater that
falls on agricultural areas causes soil erosion, and amounts of nitrogen and phosphorus into the river flow
and reach the sea. The results of research by Raty et al. [19] explain that the erosion of agricultural land and
forests contributes nitrogen and phosphorus to water. The results of Manninen et al. [20] explain that soil
erosion by water in agriculture carries nitrogen and organic carbon through surface water. Nitrate and
phosphate nutrient loads from river flows are distributed to Kappapicus alvarezii seaweed cultivation areas,
as research has looked at the influence of the Bay of Bengal waters seasonally enriched with inorganic
nutrients from the major rivers draining into it during monsoon and the transport of nutrients across the
coastal waters by the coastal and tidal currents [21].

Based on the measurements of oceanographic parameters at the observation locations, the results are
presented in Table 3, where the temperature parameter is at a natural value, supporting the growth of
Kappaphycus alvarezii seaweed cultivated at the three locations. This condition is in accordance with the
statement of the Indonesian National Standard [22] that seaweed growth requires an optimal temperature
of 24 to 32 °C. While the appropriate salinity ranges from 28 to 33 ppt, water nitrate levels > 0.04 mg/L,
phosphate levels > 0.1 mg/L, pH values range from 7 to 8.5, and TSS values < 25 mg/L. The highest
concentration of nitrate was obtained in Sajoanging waters, in accordance with land use, which is mostly
agricultural. The highest concentration of nitrate was found in Sajoanging waters, in accordance with the
predominantly agricultural land use. However, this value is lower than that found in the waters of Panggang
Island, namely 0.56 mg/L [23] and 1.07 mg/L in the waters of Laut Kota Baru Island [24]. Likewise, the highest
phosphate concentration obtained in the Sajoanging waters was 0.05 mg/L. However, this value is still lower
than that found in the coastal waters of Tarakan Island, North Kalimantan Province, which was 0.19 mg/L
[25].

Based on the results of the analysis of variance test in Table 4, there were differences in oceanographic
variables at three locations that were affected by land use, namely nitrate, phosphate, and TSS (P < 0.05).
The results of the variance test showed differences in oceanographic parameters between the three
locations, in line with the magnitude of material loading. The Sajoanging location had higher concentrations
of nitrate, phosphate, and TSS than the Marang and Sanrobone locations. This is in line with the large amount
of land use in the river basin at the Sajoanging location for agricultural and aquaculture activities, which
provide large nitrate, phosphate, and TTS loads to the waters.

Chlorophyll-a in Kappapicus alvarezii seaweed plays a role in the photosynthetic process to form
carrageenan. The higher the chlorophyll-a content, the greater the carrageenan yield. The three observation
locations showed the highest chlorophyll-a values at the Sajoanging location (Figure 3), which is supported
by the high concentration of nitrate in the water as a factor in the formation of chlorophyll-a. The chlorophyll-
a concentration obtained was in the quite high category compared to research by Paransa et al. [26], ranging
from 16.4 to 18.32 ug/g.

Analysis of the quality of Kappaphycus alvarezii seaweed (figure 4) from three locations generally complied
with FAO standards [17], namely carrageenan of > 25%, moisture content of 15 to 40% and ash content of <
12%. However, the Sanrobengi location has an ash content that exceeds the standard, ranging from 16.15 to
24.72%. Meanwhile, for the quality of seaweed at the three locations, the greatest difference in the yield of
seaweed carrageenan was observed in Sajoanging waters, which had the best quality (Table 5). Carrageenan
levels of 67.98% in seaweed from Sajoanging waters were quite high compared to those found in Pong-Masak
and Sarira [27] in the waters of the coastal area of Doda Bahari Village, Sangia Wambulu Sub-district, Central
Buton Regency, Province of Southeast Sulawesi, with a carrageenan content of 36.6%. Likewise, research

This journal is © Samawi et al. 2025 JPSL, 15(4) | 706



conducted by Periyasamy et al. [28] when rearing Kappapicus alvarezii for 45 days yielded carrageenan levels
of 35.1%. Table 5 shows that land use indirectly affects the content of chlorophyll-a, carrageenan, water, and
ash in cultivated Kappaphycus alvarezii. The Sajoanging location, with the largest land use in the agricultural
sector, had the highest carrageenan content compared to the other two locations. Kotiya et al. [29] explained
that rearing location influences the growth of cultivated seaweed.

The results of the PCA in Figure 5 indicate that at the Sajoanging location, the oceanographic parameters that
characterize the site are characterized by high values of nitrate, phosphate, and total suspended solids. The
availability of nitrate and phosphate determines the suitability of marine waters for seaweed cultivation [30].
At the Sanrobengi location, the main identifying parameters were high temperature and salinity.
Temperature and salinity influence the growth of Kappapicus alvarezii [31]. This analysis proves that the use
of large agricultural land with artificial fertilizers can influence the chemical parameters of oceanography in
coastal areas. Akib et al. [32] explained that water quality parameters greatly influence seaweed growth.

Conclusion

Land use for agriculture and shrimp farming contributes to the nutrient load of nitrate, phosphate, and TSS
in coastal areas of South Sulawesi, thus affecting oceanographic conditions and the quality of cultivated
seaweed Kappaphycus alvarezii. Sajoanging District, Wajo Regency, where most of the land is used for
agriculture and shrimp farming, affects water quality and the cultivation of seaweed Kappaphycus alvarezii
in coastal areas. This study proves that land use does not always have a negative impact on coastal areas,
especially use for agriculture and shrimp farming in areas where seaweed cultivation occurs.

Author Contributions

MFS: Conceptualization, Methodology, Writing — review & editing; ML: Writing — review & editing— review &
editing, Supervision; FN: Data curation, Formal analysis, Writing — review & editing; AAP: Formal analysis,
Writing — review & editing; and IK: Data curation, Formal analysis.

Conflicts of Interest

There are no conflicts to declare.

Acknowledgments

The authors express special thanks to the Hasanuddin University Postgraduate School for providing research
funding assistance and to the master's degree students in the Environmental Management and Marine
Science Program for their assistance in collecting oceanographic data.

References

1. Xu, H.; Zhang, Y.; Zhu, X.; Zheng, M. Effects of rainfall-runoff pollution on eutrophication in coastal zone:
a case study in Shenzhen Bay, Southern China. Hydrology Research 2019, 50, 1062-1075,
doi:https://doi.org/10.2166/nh.2019.012.

2. Arfaeinia, H.; Dobaradaran, S.; Moradi, M.; Pasalari, H.; Mehrizi, E.A.; Taghizadeh, F.; Esmaili, A.;
Ansarizadeh, M. The effect of land use configurations on concentration, spatial distribution, and
ecological risk of heavy metals in coastal sediments of northern part along the Persian Gulf. Science of
The Total Environment 2019, 653, 783-791.

3. Cai, J.; Lovatelli, A.; Aguilar-Manjarrez, J.; Cornish, L.; Dabbadie, L.; Desrochers, A.; Gamarro, E.G.;
Geehan, J.; Hurtado, A.; Lucente, D.; et al. Seaweeds and Microalgae: An Overview for Unlocking their
Potential in Global Aquaculture Development. Food and Agriculture Organization of the United Nations
(FAO): Rome, 2021;

4. Badraeni, Syamsuddin, R.; Haryati; Samawi, F. Weeds, Epiphytes and Ice-Ice Disease on Green-Strained
Kappaphycus alvarezii (Doty) in Takalar Waters, South Sulawesi in Different Seasons and Locations of
Cultivation. Plant Archives 2020, 20, 2327-2332.

http://dx.doi.org/10.29244/jpsl.15.4.699 JPSL, 15(4) | 707


javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.2166/nh.2019.012
https://www.sciencedirect.com/journal/science-of-the-total-environment
https://www.sciencedirect.com/journal/science-of-the-total-environment
https://www.sciencedirect.com/journal/science-of-the-total-environment/vol/653/suppl/C

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Kasim, M.; Mustafa, A. Comparison growth of Kappaphycus alvarezii (Rhodophyta, Solieriaceae)
cultivation in floating cage and longline in Indonesia. Aquac. Rep. 2017, 6, 49-55.

Jailani, A.Q.; Endang, Y.H.; Semedi, B. Feasibility study of Eucheuma cottonii seaweed farming in Bluto
Subdistric of Sumenep Madura East Java. J. Mns. Lingk. 2015, 22, 211-216.

Campbell, R.; Hotchkiss, S. Carrageenan industry market overview. In Tropical Seaweed Farming Trends,
Problems and Opportunities; Hurtado, A., Critchley, A., Neish, |., Eds.; Springer: Cham, Switzerland, 2017;
pp. 193-205.

Diharmi, A.; Fardiaz, D.; Andarwulan, N.; Endang, S.H. Chemical and physical characteristics of
carrageenan extracted from Eucheuma spinosum harvested from three different Indonesian coastal sea
regions. Phycol Res. 2017, 65, 1-6.

De Jesus Raposi, M.F.; De Morais, A.M.B.; De Morais, R.M.S.C. Marine polysaccharides from algae with
potential biomedical application. Mar. Drgs. 2015, 13, 2967—3028, do0i:10.3390/md13052967.

APHA (American Public Health Association). Standard Methods for the Examination of Water and
Wastewater, 24th ed.; APHA: Washington DC, USA, 2023;

Stambuk-Giljanovi, N. The Pollution Load by Nitrogen and Phosphorus in The Jadro River. Environmental
Monitoring and Assessment 2006, 123, 13—-30.

Wang, X.; Ding, L.; Wu, Y.; Bol, R. Combined Effect of Flood, Drought and Land Use Dominate Water
Quality and Nutrient Exports in Jialing River Basin, Sw China. Science of The Total Environment 2024, 954,
176733.

Montufar-Romero, M.; Rincones-Ledn, R.E.; Caceres-Farias, L.B.; Espinoza-Vera, M.M.; Avendaio, U.;
Cruz-Jaime, T.; Cubillos, L.; Ruiz, W.; Revelo, W.; Lodeiros, C.; et al. Feasibility of aguaculture cultivation
of elkhorn sea moss (Kappaphycus alvarezii) in a horizontal long line in the Tropical Eastern Pacific. Sci.
Rep. 2023, 13, 1-11, doi:https://doi.org/10.1038/s41598-023-41795-x.

Thirumaran, G.; Anantharaman, P. Daily Growth Rate of Field Farming Seaweed Kappaphycus alvarezii
(Doty) Doty ex P. Silva in Vellar Estuary. World Journal of Fish and Marine Sciences 2009, 1, 144—-153.

Hayashi, L.; Oliveira, E.C.; Bleicher-Lhonneur, G.; Boulenguer, P.; Pereira, R.T.L.; von Seckendorff, R.;
Shimoda, V.T.; Leflamand, A.; Vallée, P.; Critchley, A.T. The effects of selected cultivation conditions on
the carrageenan characteristics of Kappaphycus alvarezii (Rhodophyta, Solieriaceae) in Ubatuba Bay, Sdo
Paulo, Brazil. J Appl Phycol. 2007, 19, 505-511, doi:https://doi.org/10.1007/s10811-007-9163-x.

Mufioz J.; Freile-Pelegrin, Y.; Robledo, D. Mariculture of Kappaphycus alvarezii (Rhodophyta,
Solieriaceae) colour strains in tropical waters of Yucatan, México. Aquaculture 2004, 239, 161-177.

FAO (Food and Agriculture Organization of the United Nations); WHO (World Health Organization).
Compendium of Food Additive Specifications,: Carrageenan; FAO & WHO: Rome, Italy, 2007; Volume 4,
pp. 45-61, ISBN 978-92-5-105866-4.

Omar, M.A.; Rahaman, Z.A.; Ismail, W.R. Sediment and Nutrient Concentration from Different Land
Use and Land Cover of Bukit Merah Reservoir (BMR) Catchment, Perak, Malaysia. Geografi 2014,
2, 52—65, doi:https://ojs.upsi.edu.my/index.php/GEOG/article/view/477.

Raty, M.; Jarvenranta, K.; Saarijarvi, E.; Koskiaho, J.; Virkajarvi, P. Losses of phosphorus, nitrogen,
dissolved organic carbon and soil from a small agricultural and forested catchment in east-central
Finland. Agriculture, Ecosystems & Environment 2020, 302, 107075.

Manninen, N.; Kanerva, S.; Lemola, R.; Turtola, E.; Soinne, H. Contribution of water erosion to organic
carbon and total nitrogen loads in agricultural discharge from boreal mineral soils. Science of The Total
Environment 2023, 905, 1-16, doi:https://doi.org/10.1016/j.scitotenv.2023.167300.

Abhilash, K.R.; Sankar, R.; Purvaja, R. Impact of long-term seaweed farming on water quality: a case study
from Palk Bay, India. J Coast Conserv. 2019, 23, 485-499, doi:https://doi.org/10.1007/s11852-018-
00678-4s.

BSN (Badan Standardisasi Nasional). SNI 7673.2:2011 Produksi Bibit Rumput Laut Kotoni (Eucheuma
Cottonii) - Bagian 2: Metodelogi Longline; BSN: Jakarta, ID, 2011;

Aris, M.; Labenua, R. Evaluation of land suitability of Kappaphycus alvarezii cultivation in the dry and
rainy season. IOP Conf. Ser.: Earth Environ. Sci. 2020, 584, 012025.

This journal is © Samawi et al. 2025 JPSL, 15(4) | 708


https://doi.org/10.1038/s41598-023-41795-x
https://ojs.upsi.edu.my/index.php/GEOG/article/view/477
https://www.sciencedirect.com/journal/science-of-the-total-environment
https://www.sciencedirect.com/journal/science-of-the-total-environment
https://www.sciencedirect.com/journal/science-of-the-total-environment/vol/905/suppl/C
https://doi.org/10.1016/j.scitotenv.2023.167300

24.

25.

26.

27.

28.

29.

30.

31.

32.

Tuwo, A.; Auliana, R.; Samawi, M.F.; Aprianto, R.; Tresnati, J. Feasibility study of seaweed farming
Kappaphycus alvarezii in Sub-District North Pulau Laut and Sub-District East Pulau Laut Kotabaru
Regency, South Borneo, Indonesia. IOP Conf. Series: Earth and Environmental Science 2020, 564, 012026.

Maradhy, E.; Nazriel, R.S.; Sutjahjo, S.H.; Rusli, M.S.; Widiatmaka; Sondita, M.F.A. Evaluation of water
suitability for sustainable seaweed (Kappaphycus alvarezii) cultivation to support science technopark in
North Kalimantan. JPSL 2021, 11, 490-503, doi:http://dx.doi.org/10.29244/jpsl.11.3.490-503.

Paransa, D.J.; Mantiri, D.M.H.; Kepel, R.C.; Rumengan, A. Pigment concentration of red algae,
Kappaphycus alvarezii (Doty) Doty ex Silva during the cultivation in the coastal waters of Nain Island,
North Sulawesi, Indonesia. AACL Bioflux 2020, 13, 2788-2797.

Pong-Masak, P.R.; Sarira, N.H. Effect of Depth on the Growth and Carrageenan Content of Seaweed
Kappaphycus alvarezii Cultivated Using Verticulture Method. E3S Web of Conferences 2020, 147, 01011,
doi:https://doi.org/10.1051/e3sconf/202014701011.

Periyasamy, C.; Rao, P.V.S.; Anantharaman, P. Harvest optimization to assess sustainable growth and
carrageenan yield of cultivated Kappaphycus alvarezii (Doty) Doty in Indian waters. Journal of Applied
Phycology 2019, 31, 587-597, doi:https://doi.org/10.1007/s10811-018-1562-7.

Kotiya, A.S.; Gunalan, B.; Parmar, H.V.; Jaikumar, M.; Dave, T.; Solanki, J.B.; Nayan, P.M. Growth
Comparison Of The Seaweed Kappaphycus alvarezii In Nine Different Coastal Areas of Gujarat Coast,
India. Advances in Applied Science Research 2011, 2, 99-106.

Nashrullah, M.F.; Susanto, A.B.; Ibnu, P.; Emi, Y. Analisis Kesesuaian Lahan Budidaya Rumput Laut
Kappaphycus alvarezii (Doty) menggunakan Citra Satelit di Perairan Pulau Nusa Lembongan, Bali. Journal
of Marine Research 2021, 10, 345-354, doi:10.14710/jmr.v10i3.30507.

de Goes, H.G., Reis, R.P. Temporal variation of the growth, carrageenan yield and quality of Kappaphycus
alvarezii (Rhodophyta, Gigartinales) cultivated at Sepetiba bay, southeastern Brazilian coast. J Appl
Phycol. 2012, 24, 173-180, doi:https://doi.org/10.1007/s10811-011-9665-4.

Akib, A.; Litaay, M.; Ambeng, A.; Asnady, M. Kelayakan Kualitas Air untuk Kawasan Budidaya Eucheuma cottoni
Berdasarkan Aspek Fisika, Kimia Dan Biologi Di Kabupaten Kepulauan Selayar. Jurnal Pesisir dan Laut Tropis 2015,
3, 25-36, doi:10.35800/ jplt.3.1.2015.9203.

http://dx.doi.org/10.29244/jpsl.15.4.699 JPSL, 15(4) | 709


https://doi.org/10.1051/e3sconf/202014701011
https://doi.org/10.1007/s10811-018-1562-7

