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ABSTRACT 

Seaweed Ulva sp. has great potential in sustainable integrated cultivation systems to reduce 

the impact of exploitation in nature. This research aimed to analyze the effect of Total 

Ammonia Nitrogen (TAN) concentration on the growth and chlorophyll-a content of seaweed 

Ulva sp. in a controlled culture system. The importance of this research is to develop 

sustainable cultivation systems without harming natural ecosystems by utilizing available 

nutrients in the form of TAN. The research method used a Completely Randomized Design 

(CRD) with 5 TAN concentration treatments: (P0: 0 ppm, P1: 0,010 ppm, P2: 0,025 ppm, P3: 

0,050 ppm, P4: 0,075 ppm) with 3 replications. The culture was conducted for 15 days at the 

Aquaculture Environment Laboratory, University of Mataram. Parameters observed included 

absolute weight growth, specific weight growth rate, thallus sheet width and length, and 

Chlorophyll-a content. Research results showed that the highest absolute weight growth was 

achieved in treatment P1 (17,67%), the highest specific growth rate in P3 (3,39%), the 

highest thallus sheet width growth in P4 (2,83 cm), and the highest thallus length growth in 

P4 (3,50 cm). The highest Chlorophyll-a content was found in the control treatment P0 (8,06 

mg/l), but based on the one-way ANOVA test results, there was no significant (p>0,05) effect 

on the growth of Ulva sp. However, the 2nd order polynomial regression test revealed a 

strong relationship between TAN concentration and growth, with R² ranging from 88-94%. 

Water quality during culture remained within normal range. The conclusion of this research 

indicates that TAN concentrations in the range of 0-0.075 ppm (mg/L) were only able to 

support the survival of seaweed Ulva sp. without providing significant effects on its growth. 

Further research with higher TAN concentration ranges is recommended to determine the 

optimal growth point for Ulva sp. 
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1. INTRODUCTION 
Ulva sp. seaweed is a type of seaweed that has the ability to sustain itself in extreme 

environmental conditions (Ardinata & Manguntungi 2020). Additionally, Ulva sp. has 
abundant nutritional content such as protein reaching 20%, fiber, as well as vitamin C and 
minerals equivalent to high-level vegetables. Ulva sp. seaweed has potential uses in 



 

cosmetic industries, pharmaceuticals, and even as fertilizer. The benefits of Ulva sp. as food 
and nutrition material include food ingredients (Citra et al., 2024). In previous research, Ulva 
seaweed was utilized as compost fertilizer due to its abundant natural stock (Wosnitza & 
Barrantes, 2006). However, over time, without proper follow-up actions, this practice could 
lead to increased environmental exploitation, thereby threatening the natural habitat of Ulva 
species. 

The increasing interest in seaweed potential causes risks of excessive exploitation. The 
main problem is the lack of effective cultivation techniques, making production still 
dependent on nature. Nitrogen (N) plays an important role in chlorophyll formation and 
photosynthesis processes. Nitrogen in the form of Total Ammonia Nitrogen (TAN) can be 
obtained through the application of urea fertilizer, which affects protein levels as a 
component of chlorophyll formation. According to Sigurdarson et al., (2018), the 
transformation of urea into Total Ammonia Nitrogen (TAN) occurs through hydrolysis by the 
urease enzyme, initially yielding ammonia (NH3), which subsequently forms ammonium ions 
when reacting with water. This process is significantly influenced by pH and temperature 
conditions. The sum of these two compounds—ammonia and ammonium—constitutes the 
Total Ammonia Nitrogen concentration. Research by Farliani et al., (2020) shows the 
importance of nitrogen requirements as a component of chlorophyll protein in Ulva sp. 
enrichment. Therefore, the development of effective cultivation techniques is essential to 
reduce exploitation from nature and maintain ecosystem balance. 

 

2. MATERIAL AND METHODS 

2.1 Research Material 

This research used materials consisting of primary and secondary data. Primary data is 
the main data in the research and obtained directly during sampling activities throughout the 
research. The primary data used were water samples and Ulva sp. seaweed, while 
secondary data is supplementary data, and the data used in this research was water quality 
parameters (temperature, pH, salinity, and light).  
 
2.2 Research Method 

This research was conducted for 45 days from September to October 2024 at the 
Aquatic Environment Laboratory, Aquaculture Study Program, Department of Fisheries and 
Marine Sciences, Faculty of Agriculture, University of Mataram. Chlorophyll-a and TAN tests 
were conducted at the Analytical Chemistry Laboratory, Faculty of Mathematics and Natural 
Sciences, University of Mataram. The equipment used included glass jars, aeration systems, 
refractometer, pH meter, lux meter, ruler, analytical scale, scissors, aquades, and urea 
fertilizer. 

The research method was experimental using a Completely Randomized Design 
(CRD) consisting of 5 treatments and 3 replications, resulting in 15 total experiments. The 
TAN content in water was derived from commercial fertilizer that underwent laboratory 
testing. 
Table 1. Treatment 

Treatment Concentration 

(P0) Without TAN Concentration 
(P1) TAN Concentration 0,010 mg/l 
(P2) TAN Concentration 0,025 mg/l 
(P3) TAN Concentration 0,050 mg/l 
(P4) TAN Concentration 0,075 mg/l  

 
The culture procedure for Ulva sp. seaweed began with the preparation of culture 

containers using tiered racks equipped with LED lights with an intensity of 1,300,6-4,160,5 
Lux (Zunnuraini et al., 2023), equipped with oxygen pipeline installations for aeration 
devices. Artificial seawater was prepared using 150 L of aquades with salinity adjusted to 



 

31-32 ppt using fish salt, then sterilized with 15 ppm chlorine and neutralized through 
aeration for 2-3 days. Ulva sp. seaweed seedlings taken from sea waters were acclimatized 
for 3 days, weighed at 25-30 g/sample, and sterilized using dishwashing soap for 8-10 
minutes, then rinsed with sterile seawater and tied to a substrate. Culture maintenance 
lasted for 15 days with the addition of pure aquades and daily water quality monitoring 
including temperature, salinity, pH, and light, as well as the addition of urea fertilizer based 
on Total Ammonia Nitrogen (TAN) concentration. Growth observations included weight, 
length, and width of Ulva sp. thallus, and Chlorophyll-a content was conducted every 15 
days, with TAN measurements carried out every 5 days from day 0 to day 15. The following 
is an illustration of the experimental design of the study: 

 
Figure 1. Experimental Design for Research 

3.  RESULTS AND DISCUSSION 
3.1 Absolute Weight Growth of Ulva sp. Seaweed 

Based on the research results, the absolute weight values of Ulva sp. seaweed over 15 
days ranged from 13,00 g to 17,67 g. The highest absolute weight growth was in P1 at 17,67 
g, followed by P3 with an absolute weight of 17,00 g, then P2 at 16,67 g, P0 at 13,33 g, and 
the lowest absolute weight growth was in P4 at 13,00 g. 

Based on One-Way ANOVA test results (p=0,05), TAN concentration in the water 
media did not significantly affect absolute weight growth. This is due to the range of TAN 
concentrations in each treatment producing growth that was not significantly p<0,05 
different, as shown in Figure 1. Additionally, according to ammonia quality standards for 
marine biota <0,3 mg/l, when compared to the range of TAN concentrations used in this 
study (0-0,075 mg/l), this range still meets quality standards. According to Peraturan 
Presiden No. 22 (2021), the ammonia value for biota in the ocean is <0,3 mg/l. 

Table 2. Results of One-Way ANOVA on Absolute Weight Growth 

 Sum of Squares df Mean Square F Sig. 

Between Groups 33.733 4 8.433 .234 .913 
Within Groups 360.667 10 36.067   
Total 394.400 14    

 
TAN concentrations in this study <0,1 mg/l did not influence absolute weight growth as 

seen in P1-P4. This is supported by Diamahesa et al., (2017) who found that Ulva sp. 
seaweed in the TAN concentration range of 0,0286-0,1394 mg/l did not affect seaweed 
growth after determining its absorption capacity. Based on research results, the largest 
absolute weight obtained was 17,67 g in P2 treatment. This value is considered low when 



 

compared to Fitri et al., (2023) research, which achieved the best absolute weight reaching 
45 g. 

The second-order polynomial regression test results obtained with R² of 0,8819 
(88,19%) show a strong relationship between TAN and absolute weight. This is supported by 
the seaweed age factor that passed the growth phase, so the seaweed's ability to absorb 
nutrients shows a relationship from the TAN concentration test, although not significantly 
different. This aligns with Zunnuraini et al., (2023) who stated that seaweed growth will be 
influenced by age, and if too old, it will experience little growth and development because the 
previous sea lettuce cell production was already optimal. 
 

 

 
(P0) No Treatment; (P1) 0,010 mg/l;  (P2) 0,025 mg/l; (P3) 0,050 mg/l; (P4)0,075 mg/l 

 
Figure 2. Absolute Weight Growth of Ulva sp. Seaweed at Different TAN 

Concentrations. 
The effect of TAN on absolute weight growth was not significant, p>0,05 

 
3.2 Specific Growth Rate 

Based on the research results, the specific weight values of Ulva sp. seaweed obtained 
over 15 days ranged from 2,77% to 3.39%. The highest specific weight growth rate was in 
P3 with an average of 3.39%, followed by P2 with an average of 3,35%, then P1 with an 
average of 3,30%, P4 with an average of 3,26%, and the lowest was P0 with an average of 
2,77%. Based on One-Way ANOVA test results at the 0,05 level, different TAN 
concentrations in the test media did not significantly affect the specific growth rate of Ulva 
sp. seaweed. The value obtained from the second-order polynomial regression test was R² 
of 0,9403 (94,03%), indicating a strong relationship between specific weight and TAN 
concentration. 

 
Table 3. Results of One-Way ANOVA on Specific Growth Rate 

 Sum of Squares df Mean Square F Sig. 

Between Groups 7791.333 4 1947.833 .208 .928 
Within Groups 93492.000 10 9349.200   
Total 101283.333 14    

 
Based on One-Way ANOVA test results at the 0,05 level, specific growth rate results 

were not significant (p>0,05). This is due to the range of concentrations given not being 
significantly different, so Ulva sp. seaweed did not experience significant growth as seen 
from P1-P4 results, and this condition is similar to the previous absolute weight growth 
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results. Seaweed has the ability to utilize low nutrient availability for survival. This result is 
consistent with Hasni et al., (2023) who stated that seaweed can still survive without growth 
by utilizing nutrient reserves stored in the thallus for survival. 

In this study, the best specific growth rate was obtained in P3 treatment at 3,39%. 
According to Zainuddin & Rusdani (2018), specific growth rates reaching 3-5% in cultivation 
will be profitable. However, in Ale et al., (2011) research, Ulva sp. seaweed can be profitable 
at specific growth rates reaching 6-9%. The regression test results for specific weight growth 
rate have a strong relationship with TAN concentration with R2 of 94,03 %. This is due to the 
ability of seaweed thallus to absorb nutrients despite low nutrient availability. This research 
is supported by Risnawati et al., (2018) that seaweed growth rate can be influenced by the 
number of thallus sheets it has, enabling it to absorb nutrients even at low concentrations. 

 
(P0) No Treatment; (P1) 0,010 mg/l; (P2) 0,025 mg/l; (P3) 0,050 mg/l; (P4) 0,075 mg/l 

 

Figure 3. Specific Growth Rate of Ulva sp. Seaweed at Different TAN Concentrations. 
The effect of TAN on specific growth rate was not significant, p>0,05 

 
3.3 Thallus Sheet Width 

From the research results, the highest thallus width growth value in Ulva sp. seaweed, 
commonly known as broad-leaf seaweed, over 15 days was obtained in P4 with an increase 
of 2.83 cm, and the lowest was P0 at 0,00 cm. Based on ANOVA value, it was not significant 
(p>0,05) for thallus sheet width growth. The regression test results with R² obtained was 
0,9474 (94,74%) and classified as a strong relationship between TAN concentration and 
thallus sheet width. 

 
Table 4. Results of One-Way ANOVA on Thallus Sheet Width 

 Sum of Squares df Mean Square F Sig. 

Between Groups 9.433 4 2.358 .215 .924 
Within Groups 109.667 10 10.967   
Total 119.100 14    

 
Based on One-Way ANOVA test results at the 0,05 level, thallus width growth did not 

show significant (p>0,05) differences between treatments due to large growth variations in 
each treatment, indicating that some treatments experienced faster growth and others 
slower. In P0, P1, and P2, seaweed conditions experienced much lower growth compared to 
P3 and P4 because the total ammonia concentrations given at 0-0,025 mg/l did not cause 
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changes in growth, while P3 (0,050 mg/l) and P4 (0,075 mg/l) are concentrations that 
showed an increase in thallus width though not significantly different. This is consistent with 
Neisila et al., (2020) research that ammonia values >0,04 mg/l can provide growth in Ulva 
sp. seaweed, while in Huo et al., (2024) research, Ulva sp. seaweed was able to experience 
good growth at TAN concentrations of 0,11-0,18 mg/l. 

The increase in TAN content concentration can contribute to thallus growth due to the 
ability of Ulva sp. seaweed to absorb and utilize nutrients as the main source. According to 
Maylanda et al., (2023), if other nutrients are available, high N concentrations can promote 
growth and development of aquatic organisms. 
 

 
(P0) No Treatment; (P1) 0,010 mg/l; (P2) 0,025 mg/l; (P3) 0,050 mg/l; (P4) 0,075 mg/l 

Figure 4. Thallus Sheet Width Growth of Ulva sp. Seaweed at Different TAN 

Concentrations. 
The effect of TAN on thallus sheet width was not significant, p<0,05 

 

3.4 Thallus Sheet Length 

From the research conducted over 15 days, the thallus sheet length growth value of 
Ulva sp. seaweed was highest in P4 with growth up to 3,50 cm, followed by P3 at 2,33 cm, 
then P1 at 0,00 cm meaning no growth occurred, followed by P2 with a decrease of -0,83 
cm, and a decrease in P0 of -2,50 cm. Based on ANOVA test results at the 0,05 level, the 
results were not significant (p>0,05) for thallus sheet length growth, thus showing an 
increase and decrease in thallus length growth. Second-order polynomial regression test 
results obtained an R² of 0,8838 (88,38%) and included in the category of strong relationship 
between TAN and thallus sheet length. 

 
Table 5. Results of One-Way ANOVA on Thallus sheet length 

 Sum of Squares df Mean Square F Sig. 

Between Groups 70.167 4 17.542 2.625 .098 
Within Groups 66.833 10 6.683   
Total 137.000 14    

 
Based on One-Way ANOVA test results at the p= 0,05 level, thallus sheet length growth 

of seaweed at TAN concentrations yielded results that were not significant (p>0,05) in the 
treatments. This is due to large data variations despite increases or decreases in thallus 
length growth in treatments caused by the seaweed's ability to absorb nutrients. Additionally, 
at low and medium concentrations (P0-P2), growth tended to be stagnant and experienced 
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decreases, while increases in thallus length were clearly visible in P3 and P4. In this study, 
the seaweed sheet length obtained was 3,50 cm, which is relatively low compared to Fitri et 
al., (2023) research where Ulva sp. seaweed was able to grow up to 5-7 cm. 

The regression test results show a high R² 88,38 % value, meaning the relationship 
between TAN concentration and thallus sheet length growth is strong. One of the reasons 
suspected to support this strength is the seaweed growth phase that is able to absorb 
nutrients, namely TAN utilized by the thallus to support its growth. This can be seen in the 
increase in thallus sheet length in P3 and P4, although statistically not significant due to high 
data variation. According to Togatorop et al., (2017), the early growth period of seaweed is 
called the adaptation phase where growth is inhibited because part of the energy is used for 
survival. This is suspected to cause changes in physiological habits such as photosynthesis 
and nutrient absorption. The logarithmic phase is when there is an increase in thallus length 
growth, while the linear phase is when seaweed growth has generally reached maximum 
conditions for some time and does not increase until it enters the aging phase. In this study, 
a decrease occurred in P0, P1, and P2, marked by the shedding of some thallus. Basically, 
nitrogen content in waters is needed to stimulate algae growth; if there is a nitrogen 
deficiency, it will affect growth (Fitri et al., 2023). 

 

 
(P0) No Treatment; (P1) 0,010 mg/l;  (P2) 0,025 mg/l; (P3) 0,050 mg/l; (P4) 0,075 mg/l 

 
Figure 5. Thallus Sheet Length Growth of Ulva sp. Seaweed at Different TAN 

Concentrations. 
The effect of TAN on thallus sheet length growth was not significant, p>0,05 

 
3.5 Chlorophyll-a Content 

Based on the research conducted, the Chlorophyll-a content value in Ulva sp. seaweed 
from measurements during 15 days of maintenance was highest in P0 at 8,06 mg/l, followed 
by P3 at 5,82 mg/l, then P1 at 5,31 mg/l and P4 at 3,14 mg/l, while the lowest value was in 
P2 at 2.45 mg/l. Based on normality results, chlorophyll was not normally distributed, so it 
could not be continued to One-Way ANOVA test at 0.05 level. Second-order polynomial 
regression test results obtained an R² of 0,5777 (57,77%), classified as moderate between 
the relationship of TAN concentration and chlorophyll-a. 

The highest Chlorophyll-a content was in P0 treatment, which indicates faster and higher 
Chlorophyll-a formation. This can be seen from the seaweed color that tends to be darker 
green compared to P2, which has a low Chlorophyll-a content. Chlorophyll-a formation in P0 
is supported by inherent nutrients, and it is suspected that seaweed experiences stress 
levels so it regulates nutrient utilization in Chlorophyll-a formation. This is consistent with 
Hurd et al., (2014) who state that seaweed experiences nutrient stress, one of which is 
caused by low nutrient requirements; seaweed can utilize inherent nutrients stored in its 
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tissues to maintain physiological functions, such as chlorophyll formation despite nutrient 
limitations. According to Afifah et al., (2021), nutrients in cell tissues are ammonium ions 
NH4+ from the reduction of nitrates and nitrites in cell tissues, enabling seaweed to uptake 
ammonia as a nutrient source. 

Based on research results, the highest Chlorophyll-a amount was in P0 at 8,02 mg/l. 
According to regression tests categorized as moderate, the relationship between TAN 
concentration and pigment content during the Ulva sp. seaweed culture process can be 
observed through the morphological condition of thallus leaf color as a form of chlorophyll 
content presence. If seaweed has a dark green color, this indicates much more Chlorophyll-
a formation, and this occurred in P0 which was high. This is consistent with Dewi (2018) that 
the difference in chlorophyll content causes variations in green pigment colors in both types  

of chlorophyll where Chlorophyll-a forms blue-green while chlorophyll-b is yellow-
green. The dark green color in P0 indicates abundant Chlorophyll-a pigment content but 
does not experience new tissue cell growth, while seaweed experiencing new tissue cell 
growth produces a light green pigment color. This is consistent with Mambai et al., (2014) 
that pigment color changes are related to cell division and energy use in regulating pigment 
levels, which is suspected due to Chlorophyll-a not functioning normally, as in P0. 

The amount of Chlorophyll-a content in this research was highest in P0 at 8,02 mg/l, and 
when compared to Fitri et al., (2023) research that obtained a Chlorophyll-a value of 22,30 
mg/l and according to them, this pigment is influenced by light supply needed for 
photosynthesis, which becomes a factor in the high or low chlorophyll content available. Ulva 
sp. has high chlorophyll content because it belongs to green algae, and chlorophyll in Ulva 
consists of Chlorophyll-a and chlorophyll-b but tends more towards chlorophyll-a. Low 
chlorophyll content is caused by lack of light intensity entering, resulting in less than 
maximum light absorption. Additionally, over time and age, the thallus's ability will decrease 
in light absorption, causing a decrease in Chlorophyll-a content. 

Controlled cultivation methods using lamps can increase chlorophyll content because 
light supply is continuously available. Light from lamp rays with 12-hour illumination from 
morning to evening is an energy source for photosynthesis; with increased photosynthesis, 
the seaweed's ability to absorb nutrients also increases. This makes light a limiting factor if 
the light received is less than its growth requirements. This can result in non-optimal growth 
and can cause death (Zunnuraini et al., 2023). 

 
(P0) No Treatment; (P1) 0,010 mg/l; (P2) 0,025 mg/l; (P3) 0,050 mg/l; (P4) 0,075 mg/l 

 

Figure 6. Chlorophyll-a Content of Ulva sp. Seaweed at Different TAN Concentrations. 
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3.6 Water Quality 

Water quality parameters observed during the research activities were pH, temperature, 
salinity, and light intensity. Measurements were taken daily for 15 days of cultivation. The 
results obtained during the research from all parameters were optimal. Water quality data 
results can be seen in Table 6. 
Table 6. Water Quality During Research 

No Parameter Unit Result Optimal Reference 

1 pH - 7,1 – 8,48 7-8,5 (Fitri et al., 2023) 

2 Temperature °C 26,18 - 29 24-35 (Fitri et al., 2023) 

3 Salinity Ppt 30 – 30,80 30-31 (Fitri et al., 2023) 

4 Light Lux 1,321-1,413 1,300,6- 4,1605 (Zunnuraini, 2023) 

The pH quality in the culture water was already optimal, reaching 7.1-8.48. This is 
consistent with what was stated by Fitri et al., (2023) that Ulva sp. seaweed has optimal 
growth if within that pH range. This aligns with Ikbal et al., (2023) who stated that seaweed 
cultivation tends to have a basic pH above 7,0 and if too acidic or basic, it will cause 
metabolic disorders. Low pH in water can be caused by photosynthesis processes, 
temperature, and salinity (Hamuna et al., 2018). Normal water temperature is 24-35°C (Fitri 
et al., 2023) while the temperature during Ulva sp. seaweed culture activities was 26,18-
29°C. If water temperature is not good, it can result in less than maximum seaweed growth, 
thus inhibiting the growth of Ulva sp. seaweed, which can cause the seaweed thallus to 
become pale with a yellowish color, and temperature greatly affects chlorophyll content, 
where the photosynthesis process will be faster when the temperature increases (Ikbal et al., 
2023). Salinity is the concentration of salt solution in the sea that affects water osmotic 
pressure; differences in salinity are caused by differences in evaporation (Hamuna et al., 
2018). Salinity during Ulva sp. seaweed culture activities reached the optimal limit of 30-
30,80 ppt and in this case, obtained values that align with salinity for cultivation at 30-31 ppt 
(Fitri et al., 2023). Light intensity is very important during cultivation activities, which obtained 
a value of 1.321-1.413 lux, and this value is still within optimal limits; this is consistent with 
the fact that the light intensity value for Ulva sp. seaweed culture activities is 1.300,6-4.160,5 
Lux (Zunnuraini et al., 2023). 

   

4. CONCLUSION 
Based on the ANOVA results that have been conducted, different TAN concentrations 

tested did not have a significant effect on each treatment, including absolute weight growth, 
specific weight growth rate, thallus sheet width, and thallus sheet length. This is because the 
TAN concentration in the treatments <0,1 mg/l can only support survival. Second-order 
polynomial regression test results showed a strong relationship between Ulva sp. seaweed 
growth and TAN concentration, and a moderate relationship between Chlorophyll-a content 
and TAN concentration. Therefore, research with different TAN concentrations is only used 
for survival purposes for seaweed. 

 
 

REFERENSI 
 
Ale, M. T., Mikkelsen, J. D., & Meyer, A. S. (2011). Differential growth response of Ulva 

lactuca to ammonium and nitrate assimilation. Journal of Applied Phycology, 23(3), 345-
351. https://doi.org/10.1007/s10811-010-9546-2   

Ardinata, A. R., & Manguntungi, B. (2020). Innovation in Utilizing Green Algae Ulva sp. 
Extract from Luk Beach, Sumbawa as Antibacterial Candidate against Salmonella thypi 
and Staphylococcus aureus. Jurnal Tambora, 4(3), 1-6. 
https://doi.org/10.36761/jt.v4i3.785  

https://doi.org/10.1007/s10811-010-9546-2
https://doi.org/10.36761/jt.v4i3.785


 

Breure Ms. (2014). Exploring The Potential for using Seaweed (Ulva lactuca) as Organic 
Fertiliser. Wageningen University.  https://docslib.org/doc/10172665/exploring-the-
potential-for-using-seaweed-ulva-lactuca-as-organic-fertiliser                         

Citra, A., Tassakka, M. A. R., Kasmiati, K., & Lideman, L. (2024). Ulva sp. Seaweed: Product 
Diversification. https://www.researchgate.net/publication/381226044  

Dewi, E. N. (2018). Ulva Lactuca. Universitas Diponegoro, 18 pp. 
https://eprints.undip.ac.id/67364/1/BUKU_  

Diamahesa, W. A., Masumoto, T., Jusadi, D., & Setiawati, M. (2017). Growth and Protein 
Content of Ulva prolifera Maintained at Different Flow Rates in Integrated Aquaculture 
System. Jurnal Ilmu dan Teknologi Kelautan Tropis, 9(2), 429-441. 
https://doi.org/10.29244/jitkt.v9i2.19257 

Diana, F. (2016). Performance of Seaweed, Gracilaria gigas, at Sea Culture and Ponds 
Systems. Jurnal Perikanan Tropis, 3(1). http://utu.ac.id/index.php/jurnal.html  

Ebrahimi, P., Shokramraji, Z., Tavakkoli, S., Mihaylova, D., & Lante, A. (2023). Chlorophylls 
as Natural Bioactive Compounds Existing in Food By-Products: A Critical Review. 
Plants, 12(7), 1-12. https://doi.org/10.3390/plants12071533 

Fadir, R. M., Haser, T. F., Febri, S. P., Prihadi, T. H., & Cahyanti, W. (2022). Water Quality 
Dynamics in Tor soro Fish Rearing Maintained in Various Recirculation Systems. Acta 
Aquatica: Aquatic Sciences Journal, 9(2), 103. https://doi.org/10.29103/aa.v9i2.8128 

Farliani, I., Diniarti, N., & Mukhlis, A. (2020). Growth of Juvenile Abalone (Haliotis squamata) 
Fed with Ulva sp. Enriched with Urea. Jurnal Kelautan: Indonesian Journal of Marine 
Science and Technology, 13(2), 115-125. https://doi.org/10.21107/jk.v13i2.6493 

Fitri, F., Cokrowati, N., & Lumbessy, S. Y. (2023). Cultivation of Ulva sp. Seaweed at 
Different Densities Using an Aeration System. Jurnal Media Akuatika, 8(1), 1. 
https://doi.org/10.33772/jma.v8i1.27977 

Gorung, A. S., Rondonuwu, J. J., & Titah, T. (2022). The Effect of Urea Fertilizer Application 
on the Growth of Spinach Plants (Amaranthus tricolor L) on Paddy Soil in Ranoketang 
Atas Village. Soil Environmental, 22(1), 12-16. 
http://dx.doi.org/10.22004/ag.econ.355573  

Hamuna, B., Tanjung, R. H., Maury, H. K. (2018). Study of Seawater Quality and Pollution 
Index Based on Physical-Chemical Parameters in the Waters of Depapre District, 
Jayapura. Jurnal Ilmu Lingkungan, 16(1), 35-43. https://doi.org/10.14710/jil.16.135-43 

Hasni, H., Mulyani, S., & Budi, S. (2023). Effect of Seaweed on Improving Water Quality of 
Intensive Shrimp Pond Waste. Journal of Aquaculture and Environment, 5(2), 41-44. 
https://doi.org/10.35965/jae.v5i2.2643 

Henggu, K. U. (2024). Analysis of Macroalgae Phytodiversity in Coastal Waters of 
Hambapraing Village, East Sumba Regency. Innovative: Journal of Social Science 
Research, 4(2), 1-14. https://doi.org/10.31004/innovative.v4i2.10120  

Huo, Y., Elliott, M. S., & Drawbridge, M. (2024). Growth, Productivity and Nutrient Uptake 
Rates of Ulva lactuca and Devaleraea mollis Co-Cultured with Atractoscion nobilis in a 
Land-Based Seawater Flow-Through Cascade IMTA System. Fishes, 9(10). 
https://doi.org/10.3390/fishes9100417 

Ika Neisila, R., Junaidi, M., Scabra, A. R., Perairan, M. B., Pertanian, F., Mataram, U., & 
Perairan, D. B. (2020). The Effect of Seaweed Types on The Rate of Nitrogen 
Absorption in Ekas Bay Waters, East Lombok. In Jurnal Ilmu-ilmu Perikanan dan 
Budidaya Perairan, 15(1). https://jurnal.univpgri-palembang.ac.id/index.php/ikan 

Ikbal, Z.M., Wilda, F., Irsan, & Saifuddin, K. (2023). Analysis of Seaweed Cultivation Water 
Quality in Saliong Hamlet, Batu Boy Village as an Impact of Crop Failure. Biopendix, 
10(1),91-101.https://ojs3.unpatti.ac.id/index.php/biopendix/article/download/10448/6451  

Mambai, R. Y., Salam, S., & Indrawati, E. (2021). Analysis of Seaweed Cultivation 
Development (Euchema cottoni) in Kosiwo Waters, Yapen Regency. Urban and 
Regional Studies Journal, 2(2), 66-70. https://doi.org/10.35965/ursj.v2i2.568 

https://docslib.org/doc/10172665/exploring-the-potential-for-using-seaweed-ulva-lactuca-as-organic-fertiliser
https://docslib.org/doc/10172665/exploring-the-potential-for-using-seaweed-ulva-lactuca-as-organic-fertiliser
https://www.researchgate.net/publication/381226044
https://eprints.undip.ac.id/67364/1/BUKU_
https://doi.org/10.29244/jitkt.v9i2.19257
http://utu.ac.id/index.php/jurnal.html
https://doi.org/10.3390/plants12071533
https://doi.org/10.29103/aa.v9i2.8128
https://doi.org/10.21107/jk.v13i2.6493
https://doi.org/10.33772/jma.v8i1.27977
http://dx.doi.org/10.22004/ag.econ.355573
https://doi.org/10.14710/jil.16.135-43
https://doi.org/10.35965/jae.v5i2.2643
https://doi.org/10.31004/innovative.v4i2.10120
https://doi.org/10.3390/fishes9100417
https://jurnal.univpgri-palembang.ac.id/index.php/ikan
https://ojs3.unpatti.ac.id/index.php/biopendix/article/download/10448/6451
https://doi.org/10.35965/ursj.v2i2.568


 

Maylanda, D. A., Paryono, P., & Rahman, I. (2024). Study of Nutrient Content and 
Distribution in Swage Bay Waters, East Lombok. Jurnal Perikanan Unram, 13(4), 1225-
1234. https://doi.org/10.29303/jp.v13i4.634  

Muliyadi. (2024). Study of Water Quality on the Growth of Eucheuma cottonii Seaweed; 
Case Study in Tapi-Tapi Village, Marobo District, Southeast Sulawesi. Jurnal Perikanan 
Unram, 13(3), 682-689. https://doi.org/10.29303/jp.v13i3.605 

Nielsen, M. M., Bruhn, A., Rasmussen, M. B., Olesen, B., Larsen, M. M., & Møller, H. B. 
(2012). Cultivation of Ulva lactuca With Manure for Simultaneous Bioremediation and 
Biomass Production. Journal of Applied Phycology, 24(3), 449-458. 
https://doi.org/10.1007/s10811-011-9767-z 

Patadjai, R. S., Kasim, Ruf, & Pratama, M. R. (2024). Comparison of Growth Rate of 
Seaweed Kappahphycus Alvarezii Using Horizontal Net and Longline Methods (Vol. 
17). http://www.bioflux.com.ro/aacl 

Presidential Regulation, Republic of Indonesia. (2021). Implementation of Environmental 
Protection and Management. State Secretariat of the Republic of Indonesia, 8(22), 483. 
https://peraturan.go.id/files/Salinan+PP+Nomor+22+Tahun+2021.pdf  

Togatorop, P. A., Ngurah, G., Dirgayusa, P., Putu, N. L., & Puspitha, R. (2017). Study of 
Cotton Seaweed Growth (Eucheuma cottonii) Using Bottom Cage and Bottom Release 
Methods in Geger Waters, Bali. https://doi.org/10.24843/jmas.2017.v3.i01.47-58  

Risnawati, Kasim, M., & Haslianti. (2018). Water Quality Study in Relation to Seaweed 
Growth (Kappaphycus alvarezii) on Floating Net Rafts in Lakeba Coastal Waters, Bau-
Bau City, Southeast Sulawesi. Jurnal Manajemen Sumber Daya Perairan 4(2). 
https://ojs.uho.ac.id/index.php/JMSP/article/view/7162  

Sigurdarson, J. J., Svane, S., & Karring, H. (2018). The molecular processes of urea 
hydrolysis in relation to ammonia emissions from agriculture. In Reviews in 
Environmental Science and Biotechnology (Vol. 17, Issue 2, pp. 241–258). Springer 
Netherlands. https://doi.org/10.1007/s11157-018-9466-1  

Roleda, M. Y., & Hurd, C. L. (2019). Seaweed Nutrient Physiology: Application of Concepts 
to Aquaculture and Bioremediation. Phycologia, 58(5), 552–562. 
Https://Doi.Org/10.1080/00318884.2019.1622920  

Sumiati. (2021). Use of Ethanol and Acetone Solvents in the Total Chlorophyll Extraction 
Procedure of Teak Leaves (Tectona grandis) Using Spectrophotometric Method. 
Indonesian Journal of Laboratory, 4(1), 30. Https://Doi.Org/10.22146/Ijl.V4i1.65418  

Wosnitza, T. M. A., & Barrantes, J. G. (2006). Utilization of seaweed Ulva sp. in Paracas Bay 
(Peru): Experimenting with compost. Journal of Applied Phycology, 18(1), 27–31. 
https://doi.org/10.1007/s10811-005-9010-x  

Yusmayanti. M., & Anjar, A. P. (2019). Nitrogen Content Analysis in Urea Fertilizer, Liquid 
Fertilizer, and Compost Using the Kjeldahl Method. Amina, 1(1), 28–34. 
https://doi.org/10.22373/amina.v1i1.11   

Zainuddin, F., & Rusdani, M. M. (2018). Performance of Kappaphycus alvarezii Seaweed 
from Maumere and Tembalang in Longline System Cultivation. Journal of Aquaculture 
Science. 3(1).  https://doi.org/10.31093/joas.v3i1.37  

Zunnuraini, Z., Cokrowati, N., & Diniarti, N. (2023). Chlorophyll Profile of Sea Lettuce Ulva 
sp. with Different Harvest Ages in Controlled Cultivation. Budidaya Perairan, 11(1), 68–
78. Https://Doi.Org/10.14341/Diaconfiii25-26.05.23-62  
 

 
 
 
 

 

https://doi.org/10.29303/jp.v13i4.634
https://doi.org/10.29303/jp.v13i3.605
https://doi.org/10.1007/s10811-011-9767-z
http://www.bioflux.com.ro/aacl
https://peraturan.go.id/files/Salinan+PP+Nomor+22+Tahun+2021.pdf
https://doi.org/10.24843/jmas.2017.v3.i01.47-58
https://ojs.uho.ac.id/index.php/JMSP/article/view/7162
https://doi.org/10.1007/s11157-018-9466-1
https://doi.org/10.1080/00318884.2019.1622920
https://doi.org/10.22146/Ijl.V4i1.65418
https://doi.org/10.1007/s10811-005-9010-x
https://doi.org/10.22373/amina.v1i1.11
https://doi.org/10.31093/joas.v3i1.37
https://doi.org/10.14341/Diaconfiii25-26.05.23-62

